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This thesis representa a general study of the geology 

of an area of approximately 140 square miles, situated in ùngava, New 

Quebec, which covers part of the eastern 11 contact 11 of the so called 

"Labrador Trough 11 wi th the gr ani te-gnei ss-rnigmat i te complex. 

The study is based on field work carried out during the 

SUl!lJ'!l_ers of 1954 and 1955 for the Quebec Department of Mines, and 

laboratory investigation at t.1cGill University during 1955 and 1956. 

~he abject of this paper is to prove that the rocks in that part of 

the "Labrador 'T'rough11 show progressive regional metamorphism f;owards 

the East and North. A further attempt is made to locate the eastern 

borderline of the "Trough 11 in that area and to elucidate the relation­

ship between the rocks of the "Trough 11 and the granite-gneiss-migmatite 

complex. Two maps with a scala of one inch to half a mile, and a series 

of illustrations accompany this report. 

LOCATION, ACCESSIBILITY AND COMMUNICATlON: 

The area is situated about 30 miles S.800Vf. of' Fort 

Chirno in northern Dngava, New Q.uebec. It is an area ten miles wide and 

about 14 miles long, and lies between latitudes 69°07 1 and 69°18 1 and 

longitudes 58°02 1 and 58°09 1 (Fig. 1). 

The area may be easily reached by air from Fort Chimo, 

which has an air strip and is open to shipping from July until October. 

The main sea plane base which provided communication and supplies for 

the field parties o.f the U:lpartment of Mines was located at Stewart lake, 

a. few miles west of Fort Chirno. It can be said that the entire region 

is very easily accessible to sea-planes on account of the numerous, 

usually deep and long lakes that dot the country sida. 

1 
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GBOGRAPHY 

PHYSIOGRAPHY: 

TOPOGRAPHY 

Topographically the map area is sharply divided into two 

contrasting parts by a line extending northwards between +:he 11 Labrador 

Trough11 to the west and the region of granite and g;neiss to the gast 

(Fig. 2). The latter forms a lowland with only minor irregularities 

and small relief. The ~rough area to the west lies above this lowland. 

On one side is a featureless white plain and on the other great black 

hills extend in succeeding ridges to the horizon. The ridges are 

generally underlain by resistant rocks such as gabbros, volcanics or 

quartzites which dip at low angles to the east. 'l'hus the ridges have 

a steep western sida and a more gentle slope on the eastern sida. The 

valleys are usually underlain by sedimentary rocks such as ar~illites, 

dolomites, limestones, schists or shear zones and form the beds of lakes 

and rivers. These reflect, in their shape and size, the structural 

character of the area. It was later modified by glacial action which 

disturbed the pre-glacial trellis drainage system by irregula.r deposition 

of drift. 

The part of the 11 Labrador Trough11 under study lies 

between 600 and 900 feet above sea level. ~he local relief is about 

200 fe et. 

The topography east of the 11 1abrador Trough 11 is typical 

of the Canadian Shield. About 30 per cent of the area is covered by 

water and of the remaining land area appro:x:imately 50 par cent consista 
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of bed rock. Here too the nature of the underlying bed rock and its 

geologie structure has had a definite influence on the. development of 

the topogra.phy of the region. The configuration of' the shore lines e.nd 

of the islands of the major lakes l&rgely conforma to the trend ~ +.he 

rock foliation. But this topography is strikingly different from the 

"Labrador Trough11 in tha+. it is essentially a slightly undulated plateau 

of about the sa~e elevation (800 feet) forming the even skyline so 

cha.racteristic of the Ga.na.dia.n Shield. On ma.ps and aeria.l photogra.phs 

the dendritic pattern of the gneisses may be readily distinguished from 

the trellis pattern of the adjacent Trough a.rea.. (Fig. 2). 'J'he gneiss 

a.rea ha.s a. fold structure, but there are no physiogra.phic features of 

consequence aside from the la~es. 

Thus a. clear structural control sha.pes the surface of 

one half of the area and in the other part there is not nuch left excef± 

the leval surface of denudation. 

GLACIATION: 

Continental glaciation has eroded the lake basins and 

rounded, grooved, and polished the hill tops. Good evidence of plucking 

along the sidas of the ridges can be sean. The valleys have been 

deepened and striae and gouges pare.llel to the general trend of the ridges 

indicate the direction of the la.st movement of the glaciers to be from 

N.30°E. to due north, the variation in direction being ma.inly influenced 

by the foliation and relative hardness of the rock formations. East of 

Renia. Lake the para.llel north-west trending ridges of a.mphibolite have 

been particularly resistant to erosion and consequently form the more 

prominent ridges. (b'ip;. 2). Bands of soft a.rgillites Md schists on 
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Fig. 2. Air photo-m.osa.ic showing the location of the 11 contact 11 be'b.'feen the 11 Trough 11 

rocks on the west and the gneiss complex on the east. 
Approximate soale 1 mile - 1 inoh. 



the other hand have been easily eroded and are new hidden in lake 

basins or exposed on valley walls. ~est of ReniR Lake, paragneisses 

and migmatites appear to have had variable resistance to the forces of 

erosion and form a plateau-like region. Glacial forms such as striae, 

steepend slopes, and roches moutonnées are common. ~he fact that south­

west l~e end of the roches moutonnées are steeper than the northeast 

end suggests that the direction of movement of the main ~ass of ioe was 

in a east-north-east direction and that soma of the glaciers wera 

deflected northward by the well developed steep north facing valleys. 

The valleys and depressions a re mostly filled with debris that has been 

eroded off nearby hills and outcrops. Large tracts of' bnd, particularly 

two miles east of Renia Lake, are covered with this debris and con­

sequently deprives the area of visible outcrop. Ground moraines can 

be observed, especially east of Renia Lake, which consist of unstratified 

drift material. Kettles, eskers, drumlins, kames, and other glacial 

features are not very common in the map area, but have been observed east 

of the map area,' Subrounded boulders of augengneiss, sorne of them 

weir,hing several tons, are common and indicate that they were not carried 

far beyond their place of origin. 

DRAINAGE: 

Drainar;e is very poor and is the result o.f disturbance 

of a pre-existing river drainage system by pleistocene glaciation. flowage 

of the surface water takes place through a series of elongated lakes 

connected by short stretches of fast waters with s~all rapids. ~he lakes 

have several inlets and outlets, a typical feature of a glacially dis­

turbed drainage system. As has been mentioned above, a well developed 
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trellis drainage pattern is readily discernable in the 11Trough11 area, 

whereas a dendrit ic pattern prevails in the neighbouring gneisdc 

complex. There are no large rivera in the map area and it cont~ins few 

swampy are as • 

CLIM.ATE: 

The climats of the northern part of the 11 Labrador 'T'rough11 

is surprisingly mild. During the winter the temperature may be as mild 

as 45°, yet the average for Decernber and January in 1951 and 1952 was 8° 

below zero. (Auger-1954). It is nruch milder and generally has less 

overcast weather tha.n further sruth; this is probably due to the low 

altitude of the a.rea (within 500 feet above sea level) and to the proximity 

of the sea in ungava Bay. Nevertheless a few snow patches still persist 

until the end of June and snow storms in July are not uncommon. During 

the sumrner of 1954, exact measurements of tempe rature were taken and 

temperatures varying from 25° to 95° were recorded (Gelinas). 'T'he area 

7 

is very windy and during most of the season south and southwest winds 

prevail. The precipitation is small and is supposed to be 18 inches 

(Bergeron-1954), although, "A day hardly passes without a. drizzle"(Low-1893). 

!t' LORA AND lt'JiljNA: 

The general aspect is one of the very rneagre plant and 

animal life. The scarcity of vegetation in this area is caused in part 

by the climatic conditions which prevail there. The temperature is 

dependent on the direction of the vdnd and the northeast wind is often 

a.ccornpanied by snow, even as lata as the end of August. Apart from a 

few species of conifers, such as balsam fir, tamarack, and black spruce, 

the region is treeless. Clusters of Labrador tea (I..edum Latifolium) 



everywhere dot the countryside and the ground is covered to a ~;reat 

extent by a tapestry of lichens of the cladonia species. Under the 

dehydrating action of the sun these shrink into polygonal patterns 12 

to 25 inches in diameter. It is interesting to note tha.t the afore­

mentioned lichens absorb the abundant nocturnal dew to such a degree 

as to become spongy and slippery. There are also ether varieties of 

multi-colored moss, mushrooms, and wild species of minute raspberries, 

cranberries, and a few kinds of sour blueberries. 

The harsh climate and ti1e small variety of plant life in 

the region make it difficult for much animal life to develop freely. 

Cariboo, contrary to one 's expectations, are not found in the area 

because of past forest fires, disease and their extermination by the 

Indiana. Seme fur bearing animals such as faxes, muscrat, and many 

kinds of s~all redents may be found. 

Birds, on the other hand, are more plentiful. "'he 

ptarmigan or Arctic partridge (Lagopus lagopus) is the species most 

frequently sean. Canada gee se, seagulls., different kinds of ducks, 

red throated leons, white crown sparrows, duck hawks and the familiar 

Arn9rican robin are quite common. Butterflies are rarely sean. The 

lakes harbour many fish; the most common are grey and red trout. Any 

description of this area and of Ungava would be incomplete without mention 

of the mosquitoes and black flies which make outdoor existence sometimes 

very miserable. 

MAPPING PltOCBllihB: 

Mapping of the area was done on a scala of one inch to 

one half mile and was based on aerial photographe supplied by the Royal 
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Canadian Air !torce. The photographs (sco.le one inch to one ha.lf mile) 

were used continually in the .field to locate and control the traverses. 

~hay were use.ful in providing geolo~ical in.formation such as continuity 

of rock types, structural features etc., and as a guide in obtaining 

topographical details. As far as possible the traverses were arranged 

so as to cross the trend of the formations. The data was then plotted 

onto a base map of the same scale supplied by the Quebec Dspartment of 

Mines. No systematic and rigid pace-and-compass traverses were made. 

Approximately 140 square miles were covered by this 

method which proved accurate and .fast for observing and recording 

geologica1 details. 

HISTORY AI~D }'REVIOI.JS ùORK 

Dr. Mendry is believed to be the first white man whose 

travels in that part of Ungava have been recorded. l''ort Chimo, in 

Ungava Bay, was estab lished by Mendry in 1827 as a tradinr-; post. 

The first geo1ogica1 work in this district was carried out 

by A.~. Low of the Geologica1 Survey of Canada. In 1892 he descended 

Kaniapiskau river and Koksoak river to their estuaries in ungava Bay and 

it was he who first established a roug~1 out lina o.f the brondary linas 

of the "Labrador Trough 11
• Subsequent1y to this, wide spread geological 

surveys have been undertaken by the Geological Survey of Canada, the 

Que bec Dspartment of Mines, and various campanie s. l!;xploration was 

started on the Iron Belt and ether su1phide deposits by such mining 

companies as Iron Ore Company of Canada, Hollinger North Shore Exploration 

Company and Fenimore Iron Mines, and their information has greatly 

clarified the geological picture in this region. l:tïnally, several 
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prelimina.ry reports from the Government Service of Canada., the Province 

of Quebec, and mining compa.nies have be en made a.va.i1a.b1e. Among the se 

are Thevenet Lake a.rea. 1954, immedia.tely to the west of the ma.p a.rea.; 

Harris on 1 s and .i:t'a.hrig 1 s reports, ( 1952-1954) sou th of the ma.p a. rea. and 

Auger 1 s preliminary pa.per (1955), north-east of the Henia. Lake a.rea.. 

10 



II-GEOLOGY 

Regional Picture: 

Through the Renia Lake map area runs the dividing line 

between the "Trough" rocks on the west and the gneiss-migmatite complex 

to the east. 

The "Labrador Trough11 is a relo.ti vely narrow belt of 

folded and faulted lata Pre-Cambrien volcanic and sedimentary rocks 

extending from the centre of the Province of Quebeè towards the northwest 

as far north as the west shore of Ungava Bay (Auger 1954). It is an 

elong~ted geosynclinal basin, at least 600 miles long and from 5 to 60 

miles wide (Dufresne 1953). In spite of the variation in width from one 

end to the other, the "Trough 11 is very constant if one considera the 

nature of the various members composing it. On the west, quartzite, 

dolomite and iron formations of the 11Trough 11 unconformably everly t.he 

granite and granite-gneiss. They are in turn overlain by a succession 

of sediments, vo lcanics, and gabbro sills which take up the rest of the 

central and eastern portion of the 11 Trough11
• A strong lineament repre­

senting a structural and lithological break, separates the eastern 

"Trough" rocks from the gneiss complex. The latter consists of a large 

number of lithological varieties, most of them gneisses with all grades 

of dyna.mothermal meta.morphic ef'fects. Thermal ef'feots are superimposed 

on the regionally metamorphosed rocks and in many places metasomatism 

has produced rocks near granite in composition. ~he rocks vary from 

black hornblende gneisses and mica schists to quartzites, mi ~Ma'tites, 

and granites. The lithology resembles the complex found in the Grenville 

Province; it varies both across and along the formational trend, due 

in p c,u-t to particular, lensitic members and in part to variation in 
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degree of metamorphism and granitization. The extrema heterogeneity 

may be due to variations in the amounts of two end products: one composed 

mostly of sedimentary material and the ether oi' intrusive oriESin, but 

modified by the assimilation of the intruded rock. The granitized 

argillites, for that is what the paragneisses originally were, probably 

owe their present metamorphic state to thermal and rn.etasomatic alteration 

in depth, accompanied by intense deformation orogenie in natu~. ~rosion 

eut down and laid bara a deeper part of the section, where all the rocks, 

both invaded and invadin~, everywhere show indisputable evidence of great 

movement while in a soft and plastic condition. The roots of a for~er 

mountain built belt are displayed here. 

In the region south and southwest of Ungava Bay, the 

rocks of the 11 Trru gh 11 have been divided into the Kaniapiskau and Chimo 

group ( DJ.fresne 1953, Bergeron 1954). The h.aniapiskau group comprises 

quartzites, sandstones, dolomites, and iron forY'lations that ou+crop in 

the western hali' of the "Trough". The Chimo group includes the folded 

and faulted succession of volcanic, sedimentary, and intrusive rocks 

found in the eastern half of the 11Trough 11 
• 

.Progressive regional met arno rphisrn has be en ob se rved i'rom 

west to east. 

Geologie Characteristics of the ~.'.ap Area: 

The 11Trough" in the Renia Lake are a is be lieved to be 

approximately 20 miles wide and gradually decreases in width towards tœ 

north (Auger 1954). it'ormer shalets, limestones, dolomites, iron for­

mations, volcanics, and basic intrusives have been re~ionally ~etamor­

phosed to mica schists, marbles, amphibolites, and hornblende schists 

which, in the map area, correspond to an assemblage of rocks typical 

of the epidote amphibolite facies. 
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At the western margin of the ~ap area, the mica schists 

are mainly fine grained and contain biotite, muscovite and small ~arnats; 

chlorite is ei thar absent or retrograde. t'urther east the mica schists 

are progressively coarser grained and develop quartzo-feldspat.hic l!wers 

and vains. Associated hornblende schists and amphibolites contain 

abundant epidote and carbonates, ~nd dolomitic rocks contain, alons with 

carbonat.ea, either only tremolite in large, pale green blades or both 

tremolite and diopside •. Basic intrusives have been metamorphosed to 

diopside amphiboli+:es which still retain the basic characteristics of 

former intrusive rocks. There is no doubt in the writer 1 s mind that the 

rocks between Thevenet Lake and Renia Lake increase in meta~orphic grade 

from west t.o east, from greenschist facios to high epidote-amphibolite 

facies (staurolite-cyanite) east of Renia L~e. The granitized rocks 

further east probably represent the ~mphibolite facies. 

Directly west of' Ll.enia Lake ther9 is a sharp li thological, 

structural and topographical break between t!:le above described meta­

sediments ~nd basalts of the 11 1'rough 11 on the west: tJ.nd the sch ists and 

gneiss complex in the east. A fault of considerable ma~nitude is present. 

E;ast of the i'ault, the rocks fl.re predominant ly para.gnei sses th~t gr':lde 

into migmati+.es and granite gneisses. .i•urther east, the Migmatites are 

accompanied by unrestricted and very heterogenous granitic masses 

characterized by a texture which is often porphyritic and by the abundance 

of amphibolite enclaves. Numerous pegmatites and leucocra.tic porphyritic 

dikes eut this complex and increase in number from west to east. rt is 

likely that a fault zone along the eastern border of the 11 Trough 11 

separates lower grade metabasa.lts and sedin.ents from gener!:t.lly higher 

schists and gneisses to the east. ~hat +.he lineament has not bean 
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recognized as a fault might be due to granitization of the rocks during 

or aft 3r deformation. Of course, movement may have occurred at more 

than one time and the fault .might have been deformed by la.ter folding. 

Since the metamorphisn increasf.'!s gradually through +he 

eastern "Trough11 strata towa.rd the gneisses without an evident dis­

continuity in grade, it is likely that rœt~tmorphism and related e~ raniti­

zation are younger tho.n the "TrouE!;h 11 strata. The writer also believes 

that soma of the gneisses are essentially of the same material, as 

the 11 Trough 11 strata. 

No attempt has been made by the writer to correlats t he 

rock types of the map area with otner areas to the south and north. The 

smallness of the area, the paucity of structural data and the complexity 

of fa lding and faulting, and the lack of distinctive characteristics of 

many of the rocks would make correlation too ho.za.rdous. No de.finite 

marke r horizon was fou nd, although a narrow recry stallized impure li~­

stone seemed to follow the "contact". 
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STHUCTURAL GBOLOGY 

Regional Pattern: 

As r:~.entioned above, the "Labrador Trough11 consists of 

highly folded and faulted, proterozoic rocks th·'1t occupy a bread belt 

that trends northwest. Most fdlds are overturned +o ~he southwest a+ 

'llode rate to steep angles and eut into numerous slices by +.hrust-f'aults 

tha.t dip northeast. The southwest contact of the 11 Trough11 with the 

Archaean gneisses representa a regional angular unconformity while the 

northeast border of the prote rozoic "Trough 11 in the Burnt Creek a.rea is 

marked by a broad zone of heavily sheared rocks that sug~est a major 

fault (Harrison 1952). Gill (1952) refers to this belt of folded and 

faulted late }Jre-Cambrian rocks as the 11ùngava. f.iountain built belt 11
• As 

the 11 'l'rough 11 is not a depression, but lies at the same elevation a.s the 

surrounding country, nor is it structurally a simple basin, this belt 

shoold be termed "Labrador Geosyncline", or "Labrador Miogeosyncline". 

'fi'urthermore, the opposite sidas of the 11 '1'rough 11 do not match, and +he 

dips are 'llainly to the northeast. It has been su~gested, (Gill, persona! 

communication) that the so-called 11 Labr!idor Trough11 representa a foot­

hill zone of a trunca.ted mountain built belt, typi.fied by the granite­

gneiss-migmatite-paragneiss complex to the east. The fla+ lying sediments 

in the west, increasing folding, faulting, and thrust faulting, as wall 

as the highly disturbed condition of the rocks that show symptoms of 

flowage and plasticity in the east make this view highly plausible. 

The pre dominant northwester ly trend of' the sedimentary 

belt and the attitude of the axial plains indicate compression in a 

northeast, southwest direction. 
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Structural Features of t he Map Are a: 

The area involved in t~is thesis lies along the east.ern 

edg;e of the northern part of the 11 Labrador Geosyncline" and includes 

the 11 contact 11 betw'O\en the foot.hill rocks, i.e. "Labrador '!'roug;h 11 and the 

gneiss-migmatite complex. The general structural trends are reflected 

by the distribution of the metasedimentary rocks and meta.basalts, a.nd 

especially well by the for"ller gabbro sills, now rr1assive amphibolites, 

tha.t are shawn in the southwest corner of the accompanying map. The 

gene ral strike of the formations is N .30°W., but varies loca.lly between 

N.80°:;,. and N.80°E. (Map and ~igure 2). · The dip is consistently between 

20° and 40° to the northeast a.nd southea.st. Strong recrystalliza.tion, 

induced by regional metamorphism, has destroyed all primary structures 

of the sedimentary and volcanic rocks. 'J'he structural elements observed 

in these rocks include folds, faults, joirls, foliate, and linea.te structures. 

Folds: 

The sedimentary rocks and the derived schists and 

gneisses a.re intricately folded wherever i~ ·1ey occur in the present ma.p 

area. In the ''Labrador Trough 11 area, the plunge of folds is col'IU'lonly 

0 
less than 30 to -the northvvest, but reversals of direction of plune;e may 

occur in a distance of a few feet as shown by drag-folds. All folds are 

overturned to the southwest and their axial plain probably dips 20° to 30° 

to the northeast. T11ey appear to be zig zag folds. 

Feult s: 

Although many minor faults are probably present in the 

region there is one major break which dominates the map a.rea. As has been 

mentioned previously, t itis fa.ult separe.tes the rocks of the "Labrador 

Trough11 from schists and gneisses in the east. This line is remarkably 



straight in its southern course, then in the northwest corner of the 

area it becomes highly dentate (Map and Figure 2). Ba.ys o.f gneiss reach 

far into the 11 'T'rough 11 are a.; no metamorphi c affects were observed along 

it. The divergence in strike and the dissimilarit;{ in li thology on 

either sida, as •wll as the marked difference in topographie f.eatures 

make the assumption highly plausible that a fa.ult is her9 p~esent. ~he 

sineousity of the contact is probably the result of later ~olding and 

erosion which oblitera.ted all the fault evidence that might have existed. 

'T'he sudden termin<ttion of the folded late Pre-Cambrian rocks, the lack 

of metamorphic affects along the 11 contact 11
, and the difference in lith­

ology on ei thar sida indicate that the 11 contact 11 has been the locus of 

profound overthrust of ~he earth 1 s crust which overrode the l!J.te Pre­

Cambria.n schists and volcanic rocks to the west and exposed the roots 6f 

for~er mountains in the east in the for~ of an Archaean gneiss-mi~matite 

complex. 'J'he predominant north to northwest.erly trend of the 11 '~'rough 11 

rocks and the attitude of their axial planes indicate +hat the faulting 

and :'olding were caused by northeast-southwest CO!!lpressional +'orees. 

F'a.hrig (1955 personal comnn.mication) states th~'-t in the southeast section 

of the map area, "the general impression is tha+. a fault does exist 

between the western and eastern shores of Brlandson Lake. ma.inl~ on the 

grounds of a sharp lithologie break''. Au~r (1954) also states that, 

"the eastern border of the basin was subjected to strong orogenie action 

wi th overturning and ove rriding of the 11 Trough11 sediments towards the 

west over the upper schists". 

Inferred minor faults are beliaved to be present in the 

southwest corner of the area where former gabbro sills have been offset 

17 



from each othar in an ech9lon pat+ern. No direct evidences~ however, 

we re found t o prove this. The rocks west of +:he "cor,tact" are sheared 

and folded to such a high degree that normal fault evidences could 

hardly be detectad unless the whole zone be termed 11 a fa.ult and shear zone". 

In these complexly folded areas~ although miner structures are important, 

the most significant factor in solving the major structures is litholo!1;iC 

distribution. Therefore, mapping on a lar r;er scala than one inch to one 

hali' mile is essential and would surely be more remunerat ive in revealing 

the structure of the are a. 

Joints: 

No systematic study of +he joints was made . Hovrever, two 

sets are relatively prominent throughout the area: strike joints and 

transverse joints. But joints are usually poorly developed because in 

the schists the major rock adjustments were accomplished by movement 

along t he foliation planes . 

Foliate Structures: 

Foliation has bean defined here as t he 11property of a 

rock to break along ap _p roximately parallel surfaces" (Billing;s 1942). 

All the member s of the "Troug;h" as wall as t he par ap.;neisses sh ow wa ll 

developed f oliati on or schistosity parallel to the bedding . Cases were 

observed where foliation wra.ps a.round the noses of small i'olds. The 

variety of rock units of the ~neiss complex a.ppea.rs to be mainly due to 

dif ference in chemical composition of t he ori ginal sedime nts. rhe 

foliation, sch iste sity and gneissic structure are para.llel to ea.ch other 

and to the ba.nding produced by the v arious rock units . The foliation 

in the 11Trough'1 , which result s from the parallel arrangement of t he 

flaky minerals, dips east with many small, sharply crestad, nearly 
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isoclinal folds superimposed on it. In the f!;neiss cornplex, the f'oliA.tion 

is more regular and not as crenulated. Biotite is present in abundance 

in most of the rocks and imparts a well developed foliation to the rocks. 

In the garnet mica schists, porphyroblastic grains of garnat, staurolite, 

and cyanite accentuate this banding by the mica plates that wrap around 

them. The development of foliation parallel to the bedding is probably 

due to a co~bination of two factors: incipient recrystallization parallel 

to the bedding caused by a geothermal metamorphisM, and plastic flowage 

wh ich might be expected in a mountain root zone. 

Lineation: 

In addition to tnis, most of the minerals show a parallel 

ali~nment on the plain of schistosity that produces lineation. But 

lineation, including all linea.r structures, developes in a variety of 

ways. In the mica schists and gneisses it is a crinkling and streaking 

out of the micas, and in the amphibolites and hornblende schists it is 

a vœallel growth of' hornblende needles. Sever al readings were obtained 

in the 11 '!'rough11 and in the gneiss complex and indicated a plunrçe of 30° 

to 40° to the N.80°B. 

Augenstructure; 

Soma large, irregular bodies of augan-gneiss were 

observed in the gneiss complex and their size as wall as number seemed to 

increase eastward. The writer believes that these portage feldspar and 

quartz-augan (Plate X, Hgure 29) were formed protocla.stica.lly due to 

crusDing of the solid crystals which then were shaped into lenses. 

According to Brrjgger (1890), it is a. kind of 11lt'luidalstruktur11 in contrast 

to t he ca.taclast ic structures which come about in a solid rock. 
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LIT1iOWGY AND PETHOGRAPHY 

Laboratory Methods: 

The laboratory work was carried out during the winter 

that followed the field work. About 120 specimens were collected in the 

field and approximately 80 thin sections have been examined under the 

microscope. Numerous refractive index determinations have been done 

and the approximat"! mineral composition in volume per cent of each rock 

type has been made v:i th the mechanical stage. Fu rthermore, the following 

staining methods were used to determine the dis-tribution and to facilitate 

rapid identification of certain ~inerals. 

l. Meigen Methad ta distin~uish calcite _from aragonite. 

2. Lemberg Method to distinp;uish calcite from dolomite. 

3. Gabriel and Cox Method to identit'y pot.ash feldspars. 

4. Becke Hethad ta distinguish quartz from feldspar. 

Severa! mineral and rock analyses have been made by Mr. H. Dehn of the 

McGill Geochemical Laboratory and involved chemical analyses, fla.me 

spectrospic, and x-ray defra.ction methods. 

Megascopic and Microscopie Description: 

Amphiboli tes: 

General Statement: Amphibalites are here defined as dark colored 

rocks which have as their chie _f constituants hornblende and plagioclase . 
feldspar (Pirsson and Knopf 1~49). Subordinate amounts of quartz, biotite, 

ilmenite, iron ore, sphene, garnat, calcite, and usually some alteration 

minerals, mainly chlorite and sericite, are frequently present. 

Four different kinds of amphibolite were recognized in 

the map are a. 

1. Massive, finely granular and uniform amphibalite with 



a dotted appearance due to the intimate association 
of minute grains of feldspar and hornblende (Plate V,Fig 16) 

2. Porphyroblastio amphibolite in which large, individual 
hornblende or tremolite crystals are imbedded at random 
in a feldspar, quartz, dolomite or calcite groundmass. 
This is very similar to the "Feather Amphibolite" en­
oountered in the Bancroft area, Ontario (Adams and 

Barlow 1910) (Plate I,Figure 3) 

3. Pyroxene Amphibolite which represents higher grades of 
metamorphism of either calcareous or basic intrusive 
rocks (Plate V, Figure 15) 

4. Garnet Amphibolite which is just a very dark, massive 
amphibolite studded with small garnets and containing 
the usual plagioclase-hornblende association. Mega­
scopic schistosity is usually absent (Plate I,iigure 5). 

The different amphibolites will be dealt with under 

different headings and the reader is referred to the tables, plates and 

micro-photographs to complete the picture. 

MASSIVE AMPniBOLI'T'J.!;S: 

The massive amphibolite is a dark massive rock very 

common in the map area. It usually forms ridges on account of its 

superior h~rdness. Segregation layering of hornblende plagioclase and 

quartz may or may not be present. Megascopic schistosity is not necessarily 

conspicuous because the amphibolites in the map area generally contain 

no mie a. However, t!J.e lineat ion is very pronounced and bene ath the 

microscope there is usually an obvious preferred orientation of hornblende 

prisms. In general, the re is much variation in gr~in size and in the 

abundance of dif~erent minerals. But normal green to dark olive ~rean 

hornblende is the most abundant and characteristic mineral in all the 

thin sections studied. As may be seen from the acco~panying table 

(Table I), it consists of 30 to 75 per cent o.f' the rock and usually 

occurrs in elongated slender prisms, about 0.4 by 0.8 mm. in size. 
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Sorne crystals show different shades of green, and appear to be bleached; 

it was notioed th~t this peouliarity was typical of a~phibolites that 

may have been derived from calcareous or chloritic sediments. Inclusions 

of sphene, epidote, and calcite were observed. Hornblende is often 

associated with plagioclase, calcite, and epidote and seems a.t places to 

have been produoed by the reaction of the two last named minerais. Also 

alteration o~ hornblende to epidote wa.s observed. Out of five specimens 

the average indices proved to be: 

Nx = 1.653-1.666 
Ny = 1.664-1.666 
Nz = 1.668-1.669 

c~ z = 14 - 16°; 2V = 55 - 65°; its absorption formula is 

X - yellow green to pale green 
Y = light green to olive ~reen 
Z = green to dark green 

Plagioclase is next in abundance and ranges in composition 

from An20 to An35 and shows good albite twinning. It usually occurs in 

small xenoblastic grains. Quartz is always associated wii:h feldspar and 

varies in abundance from 2 to 15 per cent. 1pidote, usually in sharp 

crystallized prisT!ls is either colourless or very pale yellow and blue, 

but nevertheless highly birefringent. It also forms clusters of 

irregul3.r size in plagioclase and is proba.bly its alteration product. 

Also deep blue (between x - nicols) euhedral cry stals o.f zoisite about 

0.1 mm. in aize were found to be associated with anorthite. Its 

refractive indices are x = 1.698 
y = 1.700 
z = 1. 705 

Chlorite and calcite are probably retro11; ressive alteration 

products of hornblende. Sphene in the form of wed~;e sha.ped cr;ysta.ls or 

in clusters or i r regular globules, as well as occasional brown biotite, 
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TABlli I 

Mineral composition of massive amphibolite in 
percentage of minerals 

Specimen humber Cl5 C4 C3 67 43 36 37 

Hornblende 45 45 60 30 50 55 75 

Oligoclase 35 35 

Andasine 10 

Anorthite 20 20 

};Jlag iocla.se 30 20 

Quartz 15 10 8 15 10 2 8 

Epi dote 5 2 10 

Zoisite 7 9 8 

Calcite 2 

Biotite l l l .5 

Chlorite 5 

Sphene 5 1 1 1 1 

Apatite .5 .5 

Iron ores .5 .2 

23 

45 49 14 74 

70 58 68 60 

25 

15 30 

25 

8 5 2 12 

8 7 

5 

l 

.5 2 

2 2 

.5 



apatite and iron ores are the accessory minerals. 'J'able VIII shows a 

chemica.l analysis of a massive amphibolite (Sp. 49) within the gneiss 

complex and 'J'able I shows its a.pproximate mineral composition in volume 

per cent. 

PORPHYROBLAS'TIC Ahü'liiBOLIT l!.: 

This rock ocours almost invariably associated with a ferro­

magnesian limestone or dolomite and is exceptionally wall developed in 

the dolomite-amphibolite complex, west of rtenia Lake. mhick beds of 

normal massive amphibolite are intrica.tely folded and mixed with dolomite 

in such a mannar as to justify the term 11 complex". In this one quarter 

mile wide continuous zone, ten feet wide dolomitic beds va.nish in a ma55 

of ~mphibolite and re-appear sorne distance away. Clear evidence is 

indicated in the field and beneath the microscope that +.he dolomite or 

the ferro-magnesian marble ha.s bean incorporated, digested, and trans­

formed into regular 8l'Tl.phiboli->-e. In a hand specimen, clusters of' dolonite 

and calcite are surrounded by coa.rse hornblende and trel'T'!oli+e g;rains, 2.5 

inches in length (Plate I, Figure 3). The distinctive character of this 

amphibolite is the form taken by the hornblende. This mineral has grown 

in the rock in the form of s lender crystals usually a. bout one inch long 

and is thickly sca.ttered in the rock. The crystals intersect.inr; one 

another and formin~ a mat without common orientation. At places tremolite 

or actinolite takes the place of hornblende and rorms lon~ porphyroblasts 

inbedded in a ground-mass of' fine srained calcite, dolomite, and 

occasionally quartz and plagioclase feldspar. There is no doubt tha.t 

this coarse porphyroblastic amphibolite is associated ~nd genetically 

connected with the F'e-Mg limestones and dolomitic marbles of' the area 

and fades away into them. '11hen examined in thin section, lonp.; narrow 
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1 inch 

zs 
PI..A1'Jt.: I 

Fig. 3 (Sp. 80) 

Typical porphyroblastic amphibolite with 
partly digested specks of carbonates , 
which characteristicly occurs in the 
dolomite-amphibolite complex. 

Fi g . 4. 

Typical garnet mica schist with 
~~rnet phenocrysts around which micas 
tend to wrap • 

Fi~ . 5. 

Almandite ~arnets imbedded in an 
epidote-green hornblende-plagioclase 
aJ1" phi bo li te • 



dark green hornblende orten contains an abundMce of little rounded 

feldspa.r and qu~"crtz inclusions as wall as iron ores and biotite (Plate II, 

Figures 7 & 8; Plate III, Figure 9). 'T'he indices of refraction of 

hornblende are x = l. 66 5 
y = 1.666 
z • 1.669 its 2V is 60°, the angle of extinction proved 

to be i7° and its pleochroic formula is 

x = ye llow green to pale green 
y = olive green 
z = dark green 

~ins vdth lOO as the twin-plane can be observed in soma sections. 

Nu:rerous bleaching affects were also observed on hornblende. Sol"le sections 

shov: ret.rogressive disintegration of oornblende into chlorite r.J.nd calcite. 

Excellent exa~ples of tremolite-actinolite replacing dolol"li~e may be 

observed under the microscope. Next in abundance to hornblende, and 

constituting from 5 to 65 percent of the rock, is calcite and dolo~ite. 

Stainin~ techniques as well as refractive index examinations were used to 

separate calcite and dolomite. Dolomite has an average index of 

€., = 1.520 
GJ = 1.694 and remained unstained when treated 

wi th a potassium dichromite solution. No ankerit.e was found. 

Pla~ioclase shows fair albite twinning and varies from 

albite to oligoclase (~n 10 - An30), but it is quite probable that more 

calcic varieties occur. Quartz is intimately associated wit.h the .t'eldspar 

and occurs in small equigranular clusters, bands or veins. In many 

places it is clearly secondary. Garnat is rare and occurs in octahedral 

crystals up to one inch in diameter, but usually pea size. It is of'ten 

completely disintegrated and is then associated witn chlori+.0, into which 

it probably retroe:ressively altered (Plate II, Figure 8). It has a 
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PLATE II 

Fig. 6 (Sp. C2) 

Microphotograph of a typical garnet 
amphiboli te. 

Nat. light x 26 

Fig. 7 (Sp. 21) 

Microphotograph of a typical porphyroblastic 
amphibolite with poeciloblastic blue horn­
blende as soc iated wi th cal ci te and abundant 
magnetite • 

Nat • light x 26 

Fi g . 8 (Sp. 75) 

Microphotogra.ph of a. porphyroblastic 
a.mphibolite (hornblendega.rbenschie fe r).Larv,e 
crystals of hornblende are set in a. gra.no-
b lastic groundrrta.ss of quartz and fe ldspar. 
Sorne euhedral garnat phenocrysts are also 
present. Calcite and chlorite form inclus­
ions in hornblende and seem to be retrograde. 

Nat. light x 26 



TABLE II 

Mineral composition of porphyroblastic amphibolite 
in percentage of minerals 

Specimen Number 79 80 81 85 7l 75 21 

Hornblende 50 78 78 35 55 65 

Tremolite 35 

Oligoclase 28 

Albite 12 

Plag ioclase 8 15 

Calcite 30 65 5 15 

Dolomite 20 20 

Bioti t e 7 .2 .5 

Chlorite l .2 .2 

Quartz 5 30 18 15 

Garnet 2 5 2 

Iron ores 1 .2 1 5 
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PLA:rE III 

Fig. 9 (Sp. 63) 

Microphotograph o~ a typical porphyroblastic 
amphibolite showing large poeciloblastic 
lens like hornblende set in a schistose 
quartzo-feldspathic groundnass. 

Nat. light x 26 

Fig . 10 (Sp. 53) 

Microphotograph of an amphibolite that 
lies conf ormably within the gne iss complex. 
Hornblende and muscovite are as soc ia.ted 
with ribbon lilœ staurolite. Muscovite is 
proba.bly the source mineral of' sta.uroli te. 

Nat. light x 26 

F i g . ll (Sp. 4) 

Microphot ogra.ph of a typical amphiboli+e 
wit hin the gneiss complex. ~h is was 
doubtlessly a calcareous sediment th '1 t wa.s 
alte r e d t o amphibolit e. 

N·3.t . light x 2 6 



refractive index of n= 1.82 and is probably almanditc. Chlorite occurs 

as small pale green flakes thu.t are always associated with garnet, 

hornblende, and calcite. Together with calcite it forl".S inclusions in 

hornblende and tne.n owes its origin to the alteration of hornblende. 

Almost everyv.:here rare biotite and iron ores dot the hornblende crystals 

(Plate Il, F'ig:ure 7; Plate III, rïgure 9). 

GARHi:'I' ~~- !-'.diBOLITJ'~: 

Euhedral deep red garnets 2 to 8 mm. in size make up 

about 10 to 20 per cent of the garnat a~phibolita and are its most 

characteristic feature (:Plate I, Figure 5; Plate II, r;igure 6). Under 

the microscope, a pale green faintly pleochroic hornblende is seen ~o 

form about 55 to 65 per cent o.f the rock. It has a sieve s+ruc+ure and 

is at places an alteration product of biotite. Garnat has an index of 

refraction of n: 1.782 and has baen identified as almandite (Al70Py30). 

Disintegrated remains of garnat grains associa~ed with deep blue chlorite 

flakes, possibly penninite, give evidence of former euhedral crystals 

that suffered retrogressive :netamorphisrn (Plate IV, ltïgure 13). Also, 

inclusions of g;urnet granules in feldspu.r indicate the repl&cement of 

the latter by g3.rnet. Associated strained quartz v.nd plagioclase, mostly 

An40 , show intense granulation. ln a. few places bands from 2 to 6 inches 

thick and made up almost entirely of garnets have been encountered. Sp. 6 

(Table VI, Plate I, Figura 4; Fla.te XI, J:t'igure 33) has b~en chemically 

a.nalysed (Table VIII) and is a typical garnat amphibolite. 

PYROXEJü: A'"PHIBOLITE: 

The:ce are actually two different mineral associations which 

cha.racterize pyroxene amphibolit.es. A. calcite-tremolite-diopside vè.riety 
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Specimen Number 

Hornblende 

Garnet 

Ande site 

Plagioclase 

Quartz 

Calcite 

Epi dote 

Biotite 

Muscovite 

Ch1orite 

Apatite 

Sphene 

Ilmanite 

Iron ores 

TABLE III 

Mineral composition of garnat amphibolite in 
percentage of minerals 

6 12 02 

56 65 55 

15 10 20 

7 

8 10 

12 6 9 

6 8 

2 1 

1 5 

·5 

.5 2 

.2 

1 

.2 

.2 
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P LA'T'E IV 

F'ig . 12 (Sp. 62a.) 

Microphot ogra.ph or an a.mphibolite 
conformable to the trend or the structure 
in the gneiss complex. Dark tourmaline 
crysta.ls imbedded in a. qua.rtzo-reldspa.thic, 
ca.lca.reous groundmass with abundant 
actinolit e needles. 

Nat. light x 26 

F i g • 13 ( S p • 7 3 ) 

Microphotograph showing ribbon-like la.yers 
or garnat between quartzo-re ldspathic bands. 
Sorne garne t and hornblende have chlori +.e 
inclus ions. 

Nat. li~;ht x 26 

F ig. 14 (Sp. C4) 

Microphot ograph of an amphibolite ca.rrying 
hornblende ahd bluish clinozoisite crystals 
associated with oligoclase. A typical 
mineral assemblage of t he epidote­
amphibolite r acies. 

Nat. light x 26 



and a hornblende-diopside variety. Both contain diopside as their 

characteristic mineral. In the former variety. diopside occurs as 

porphyroblast pseudomorph a.fter tremolite and still retains the typical 

features of the latter, i.e. it occurs in long, pale green pris~atic 

crystals with moderate birefringence and faint pleochroism. Calcite, 

secondary quartz, and some plagioclase (An4o) is usually present. There 

is no dcubt that this calcite-tremolite-diopside variety representa a 

metamorphosed calcareous rock. It occurs mainly southwest of Renia Lake. 

The hornblende-diopside variety on the ether hand shows 

a. different orig;in. It is a dark r'lassive rock made up of about 65 per 

cent s lightly pleochroic hornblende grains. Its pleochroic formula is 

usua.1ly: x = pale green and its refractive indices: - 1.639 x -
y = green y = 1.646 
z • dark green z = 1.647 

The optic angle is about 60° and the extinction angle 

ranges between 14 and 19° (Plate V, Figures 15 & 16). It usually occurs 

as ragged porphyroblastic grains with a very pronounced sieve structure, 

diopside and plagioclase forming the inclusions in the hornblende. 

D.iopside evidently replaces hornblende. The pyroxene has good parting 

parallel to 001 and good eight sided cross sections were observed beneath 

the microscope. Its refract ive indices are: x : 1.675 
y = 1.683 
z = 1.710 

It shows second arder yellow interference colors and has a 40° extinction 

angle (cJ\z). The plagioclase is An25 - An40 and shows clear albite 

twinning. As can be seen from Table IV secondary quartz often accompanies 

the feldspar and sorne varieties contain up to 12 per cent and are granular 

in appearance. Epidote occurs as small (0.25 to 0.5 lllr1.) co1umna.r 
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TABLE IV 

Mineral composition of l'yroxene amphiboli te in 
percenta.ge of minerals 

Specbten Numbe r 15 16 55 56 91 87 88 89 

Hornblende 35 70 55 75 

Tremolite 42 53 33 67 

Diopside 20 20 12 32 15 20 40 15 

Oligoolase 20 15 

Ande site 12 

P 1agioc la. se 9 22 7 15 12 

Quartz 9 1 8 7 2 10 12 5 

Calcite 6 

Dolomite 

Biotite .2 .2 1 

Epi dote 15 3 

Sphene .5 .5 1 .2 

Iron ores .5 

Pyrite-pyrrhotite .5 
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PLA'J'E V 

Fi g . 15 (Sp. 91) 

h icrophotograph of' a typical pyroxene 
amphibolite derived f'rom a f'ormer gabbro 
si 11. Urilitic hornblende alters to 
diopside due to increased grade of' meta­
morphism. 

Nat . light x 26 

F i g . 16 (Sp. 55) 

~.~icrophoto graph of' a typical amphibolite 
derived f' rom a f orme r gabbro sill and 
similar to f'ig,ure ab ove . 

Nat. light x 26 

F i g • 17. ( Sp • 90b ) 

Uicrophoto gr a.ph of' a garnet mica schist ; 
the garnet is shattered a nd drawn out into 
bands. Biotite and c a r bonaceous ~atter 
a re abundant. 

Nat . li ght x 26 



aggregates of high birefrin~ent crystals with parallel extinction and 

with no apparent orientation in the rock. Its refractive indices are: 

x = 1.72 
y = 1.75 
z = 1.87 

In sorne sections epidote makes up 15 per cent of the rock and c le arly 

replaces plagioclase feldspar. Euhedral sphene occurs either as acute 

lozen~e shaped crystals or in aggregates of irregular grains. Pyrite 

and pyrrhotite are the only opaque minerals discovered and are present 

in minor amounts. The a s sumed different origin of these two unlike 

pyroxene bearing a.mphibolites will be discussed subsequently in this 

paper. Sp. 55 (Plate V, Figure 16) and Sp. 18 are typical exa~ples of 

the above described rock. Their mineral composition and chemical analyses 

may be found in Table IV and Table VIII. 

LI'IvŒ QliARTZI'T'E: 

In the .field this rock occurs as a brown-grey well 

foliated rock showing continuous compositional banding. The rock ranges 

from l. to 2 mm. wide quartz bands that make up approximately 50 per cent 

of the rock. In thin section the sub-rounded quartz grains are 0.125 

to 0.25 mm. in diameter and are interlocked with .feldspar (Andesine) and 

wall oriented mica flakes. Either muscovite or biotite may occur nnd 

together they constitute about lO to 18 per cent of' the rock. Sorne 

sections show evidence of granulation and silicification, the grains of 

quartz being long in one direction and at places formin~ lensitic corn-

pounds parallel to the .foliation. '!'he quartz and feldspar bands are 

interbedded vd th calcite laye>rs of approximately the same width. 'T'he se 

are composed of fine ag~regates of calcite with obscure cleava~e. The 

staining: methods suggested by li1eigen and Lemberg were applied to dis+inguish 
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calcite, dolomite, and aragonite; no dolomite or aragonite has been 

discovered. In rare sections only elongated yellowish green prisms or 

epidote can be seen. The chemical composition of specimen 77 is: 

Sio2 43.63 MnO .12 

Al2o3 6.50 P205 .05 

FeO 3.00 002 17.90 

Fe 0 
2 3 

4.87 (H2)S 

MgO 6.44 Ign loss-

CaO 12.78 Insoluble 

Na2o 1.17 
Total 98.26 (Analyst: Hr. H. D3hn) 

K 0 2 1.53 

Ti02 .27 

The writer is of the opinion that the i~?;nition loss figure is too small 

and that from 1/2 to 1 percent H2o is present in addition to ~he 17.90 

per cènt 00 2 • 

LH1ES'J'OI'l'E AND IDLOi'HTB: 

General Statem·3nt: 

Limestones occupy a very prominent place in the map 

area. They occur in a very highly altered condition, recrystallized, 

white in color and usually more or less impure owing to the presence of 

grains or scales of certain silicates. The silicates occur along certain 

bands or linas giving the limestone a stratiform appea.rance. The lime-

stone is usually magnesian and often represents true dolomites. ~he 

calcareous and dolomitic limestones resemble one anot her so closely that 

it is impossible to distinguish them by sight. In some places the amount 

of magnesium becomes larger, and the limestone grades into a dolomite. 
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FeMg LHŒS'l'ONE: 

The magnesium rich and ferrugineous crystalline 

limestones include pure white to grey limestones and dolomitic lime­

stones often interbedded with limy amphibolites and lime silicate rocks. 

Bands of crystalline limestone up to 30 feet wide are of common occurrence 

throughout the wh ole map are a and occur interbedded wit h other meta­

sediments in the hybrid gneiss complex. The main beds occur in a belt 

bordering the 11 contact 11
• As se en from 'l'able V they consist of medium 

grain aggregates of calcite up to one quarter inch in grain size; calcite 

makes up approximately 60 par cent of the rock. Next in abundance are 

pale green actinoli~e crystals that occur in fibrous aggregates and 

rosettes. 'I'hey vary in size but soma fibres are as long as one inch. 

In thin section the actinolite porphyroblasts do not show any particular 

alignment and clearly originated by reaction with calcite (Plate VI, 

Fii;ures 19, 20) • . The se ldom encountered plagioclase and quartz are 

secondary. The characteristic fluor bearing mineral in these rocks is 

pale brown, slightly pleochroic phlogopite. It is probably derived by 

reaction of dolor.>ite with muscovite, although its origin might also have 

been primwry. The staining test with cobalt nitrite was applied and 

almost no dolomite nor aragonite could be found. The microstructure of 

these crystalline limestones is granoblastic as regards the calcic matrix 

(Plate VI, Figure 18) wi th modifications arising from the idioblastic 

and sometimes porphyrobla.stic development of the silicate minerals. There 

is no pronounced schiste sity. 

OOLOMITIC HARELB A!iD OOLOMITE; Aiv:PHIBOLir-E CO''.PŒX: 

Dolomitic rocks are almost invariably associated with 

amphibolites in the map area and will be described under t~e same heading 
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'J'ABLE V 

Mineral composition of Fe-Mg Lime stone in 
percenta.ge of minera.ls 

Specimen Number 8 9 30 31 38 

Tremolite 38 45 29 25 

Calcite 57 53 61 60 

Plagioclase 2 

Quartz 4 5 

Phlogopite 2 8 15 
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PLA'T'E VI 

Fip; . 18 (Sp. 46) 

Microphotograph of an impure a gnesian 
lime stone with slender needles of tremo­
lit.e 

Nat. light x: 26 

Fig. 19 (Sp. 3) 

Microphotograph of a typical actinolite 
be a ring rock de ri ved from Fe~Ag lime stone. 

Nat . light x: 26 

F i g . 20 (Sp. 80) 

Microphotograph of an impure calcareous 
rock that has been digested and altered to 
amphibolite. Sorne secondary calcit e is 
present in veins th at eut through the 
complex: amphibole-carbonate mineral 
assemb lage. 

Nat • ligh t x: 26 
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a.s the dolomite a.mphiboli te complex. 

Sorne of the dolomitic ma.rbles are relatively pure, 

crysta.lline, granoblast ic rocks m'; de of even, not interlocking, and 

idioblastic grains of dolomite inbedded in a. calcite matrix. Tremolite 

and a.ctinolite in numerous needles and slender crystals as wall as 

phlogopite flakes are commonly sean in a hand specimen in the less pure 

varieties. By reaction with sorne impurities such as phlogopite, 

muscovite and magnetite, tremolite gives way to a. green aluminous por-

phyroblastic hornblende with increased meta.morphism (Plate II, f'igures 7 ,8). 

In the field enclaves of relatively fresh calcit.e do1onite ( & = 1.521 
W = 1.699) were 

found included in a. massive, dark green a.rn.phibolite that. carried hornb1m de 

porphyroblasts varying in size and without apparent orientation. Dolomite 

and calcite crystals are virtually digested and made over to hornblende 

and all gradations from pure, white dolomitic marble to dark green and 

massive a.mphibolite can be seen in the field. The intense and intrica.te 

folding of this dolomite a.mphibolite complex as wall as the continuous 

and yet chaotic lithological change across and along its strike make 

the interpretation of the structure Y-? ry difficult and uncerta.in. The 

microscopie details have been mentioned in a foregoing paragra.ph tha.t 

dealt wi th porphyroblastic 8Mphibolites. 

The time as well as the sca.le of mapping did not permit 

the writer to undert.ake a more detailed study of this complex. It is about 

one half mile wide and severa! miles long and is best exposed about one 

mile due west of the middle of Renia Lake. 



MICA SCHIST: 

~.1ica. schists occur wide ly in the rna.p are a.. 'T'hey 

invaria.bly crop out in the va.lleys between ridges of resistant rocks 

and ca.n usua.lly be found on the margina of lakes. The color ran~es from 

silvery white to dark brown, depending on the proportions of dark mica 

and the amount of carbonaceous and silicious material. The essential 

minerals of the rock are quartz and mica, and the mica especially gives 

the rock its peculiar character. Both biotite and muscovite occur in 

irregular tablets without crystal boundaries or in foliated aggregates 

and thus are usually intergrown. Their parallel arra.ngem·'nt produces 

the highly fissile character of the rock. 

Biotite is the usual yellowish brown to reddish brown, 

pleochroic variety, and often contains halees. It is at places so abundant 

(up to 56 per cent) that one has the impression that the plane o" 

schistosity of the rock is cornpletely coated by the mineral and that 

biotite is the only mineral present. The mica plates are also very often 

curved and twisted which may be easily sean by the reflections froM the 

cleavage surfaces, and shurply folded plications are CO\'lmon (Plate VII, 

Figure 25). The small mica f'la.kes are f'or the most part parallel to 

the crenulation of the planes of the schistosity, which indicates de­

formation sinoe cry stallization. Quartz is next in a.bundance and makes 

up approximately 40 per cent of the rock. It ~oms irregular grains or 

aggrega.tes of grains dra.wn into small lenses or thin layers parallel to 

the foliation of the rock (Plate III, Figure 10). In the hiv,hly crenu­

lated schists in which sorne retrogressive meta."'lorphism has occurred, 

many of the ribbon like crysta.ls are broken down again into aggregates 

of grains. Plagiee la se (An2 5 - An40 ) is a.lso fair ly abundant and forms 
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TABLE; VI 

Mineral composition of Garnet-mica-schist in 
percentar-;e of mine rals 

Specimen Number 22 23 34 60 62a 69 72 

Oligoclase 40 

Andasine 28 22 

Plagioclase 30 19 14 40 

Quartz 37 27 35 40 17 8 32 

Biotite 8 28 12 18 56 25 

Muscovite 5 9 8 12 18 8 

Chlorite 

Calcite 7 3 

Garnet 12 8 8 

Cya.ni te 5 

Staurolite 18 

Epi dote 5 

Tremolite-actinolite 10 9 

Hornblende 

Graphite 

Sphene .5 

Iron ores 2 11 

Tou rrrA li ne 2 .5 

43 

73 90b 

22 13 

15 12 

2 

5 

25 70 

32 
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PlA'T'E VII 

Fig. 21 (Sp. 72) 

Microphotograph of a garnetiferous mica schist 
with abundant actinolite ne dles and secondary 
iron oxides. 

Nat. lig;ht x 26 

Fig. 22 (Sp. 65) 

Microphotograph of an antigorite-ga.rnet mica 
schist; da.rk reddish biotite flakes eut through 
elongated a.ntigorate bands. Judging from field 
relations, the rock wa.s origina.lly a. sha.le tha.t 
wa.s metamorphosed to mica. schist a.nd into which 
Mg rich solutions were introduced. ~he ma.fic 
amphibolite-former olivine rich ga.bbro-with 
which the schist is in contact, was proba.bly 
the source of the solutions. 

Nat . light x 26 

Fig. 23. (sp. 66) 

Microphotogra.ph of a. garnat mica schist with 
abundant magnetite. Probably metamorphosed 
iron formation. 

Nat. light x 26 



a granoblastic aggregate of approximately equidimensional grains with 

quartz (Plate VII, Figure 23). 

Amphiboles are rare and inconspicuous except for the 

diablasti c texture encountered in porphyroblastic dark green hornblendes. 

Tremolite forr1s long slender needles in qu~1.rtz. It tends to be idio-

blastic and sporadic needles are of porphyroblastic dimensions (Plate VII, 

Figure 22). The prisms and needles are mostly oriented parallel to one 

another in the plane of schistosity, but many of them lie across or at 

random in the section which proves that they crystallized after the 

movement ceased. 

Idioblastic poTphyroblasts of staurolite up to 8 rnrn. long 

were observed in a few sections (Plate XI, Figure 33). 'T'hey display the 

typical characteristics of this mineral and contain irregularly arranged 

inclusions of quartz. Soma of the porphyroblasts were crushed and drawn 

out into 0.5 rmn. wide ribbon lilœ veinlets, flanked by gre.noblastic layers 

of plagioclase and qu _rtz, and bands of mica (Plate III, Bïgure 10). 

Cyanite is usually associated with staurolite and has the following 

optical properties. The c rystals show a good c leavage pa ralle 1 to lOO 

and a pa.rting paralle 1 to 001. More ove r, perfect twins were observed 

with lOO as the compositional plane; in soma sections, the crystals show 

practically parallal extinction, but many are oblique with a maximum 

angle of 30° (X/1 c). The refractive indices were rneasured and were 

found to be: x 
y 

= 
• 

1.713 
1.720 

The most conspicuous feature of the mica schists was 

the abundan ce of garnets (Plate I, Figure 4) which ranged in size from 

that of a coarse shot to ths.t of a plum. These garnets May be in the 
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PLA.1'E VIII 

?ig . 24 (Sp. 6) 

Typical garnat-hornblende schist. 
Some chlorite inside garnat is retro­
gressive . 

Nat. light x 26 

l<' ig. 25 (Sp. 22) 

Microphotograph of a typical banded 
mica schist shmving plications. 

Nat. light x 26 

Pig . 26 (Sp. 48) 

Magnetite-grunerite-hornblende schist 
with retrograde ch lori te. Pro bab ly 
metamorphosed iron format ion. 

Nat. light x 26 



rorm or roundish nodules completely disintegrated at the periphery and 

rorming a net work, or they have distinct crystal form or beautifully 

crystallized dodecahedrons. They rnight occur in bands made up of tiny 

granulated masses of mixed go.rnets and quartz (Plate VIl, dgure 22; 

Plate V, Figure 17) probably due to post crystallization derormation of 

garnet porphyroblasts. Most usually however, garnets, together with 

quartz, form eyes around which the bands of biotite and muscovite are 

bent (Plate VII, Figure 24). They usually occur thickly in certain 

zones and then the beds are literally studded with them. Under the micro­

scope sor1e garnets are often cleaved f?arallel to the foliation planes 

of the rock. In many cases however, these Earnets show no si ~n of 

movement and preserve their ori~inal externe.! crystal outlihe. Index 

determinations (n = 1.789 to 1.795) suggest that the garnat is high in 

the almandins molecule with a small a~ount of pyrope in solid solution 

(Al70 Py30). Quartz, feldspar and tremolite needles as wall as magnetite 

are often found as inclusions in the garnets (Plate VII, Figure 24). In 

sorne sections granular aggregates or grains of magnetite characterize 

the rock and then usually are associated with common silicate minerals 

and metal"'orphosed li>nestones (Plate VII, dgures 21. 23). The author 

believes that these rocks are probably the result of the meta.morphism of' 

beda of impure limonite. At places, rims or inclusions of blue chlorite 

are found associated with crushed and disintegrated garnets. ~he writer 

believes that the development of chlorite (probably penninite) is due to 

ret roi'; re ss ive metamorphism. No ev ide nee was fou nd tha t the forma ti on of 

chlorite has been tectonically controlled. 

Graphite, iron ore, epidote, sphene, and "!": 0ur~aline are 

47 



accessory minerals. Sp. 69 (Table I, Plates I, XI~ ~ïg;ures 4~ 33) 

represents a. typica.l mica schist as found in the ~a.p a.rea.. Its chemica.l 

ana. lys is is gi ven on pa. ge 84 • 

GRANI1'l<~-G~r:ISS-MIGIIATITE COMPI.EX: 

The rocks include the granites, gneisses, migmatites, 

aplites and pegmatites of the ma.p a.rea. tha.t occur east of' the "contact". 

'l'he term 11 complex11 is used on accwnt of the complicated structure and 

li thology encountered in the region and is in accord wi th the definition 

of the term 11 complex11 as ?;iven by the commit t ee on stratigraphie nomen­

clature (Ashley 1933, page 445). "Where a. large mass is co1"1posed of 

diverse rocks of any class or classes and is chara.cterized by hi ghly 

complica.ted struct.urg, the ter''1 "complex" may be used". 

As described abov':!, the "contact" is rea.sona.b ly strai r-;ht 

along i ts middle course, but in the northwe st corner oE' the are a., ba.ys 

of gneiss rea.ch far into the 11 '1'roug;h 11 rocks and sho'N a very denta?;e 

char acter. 

Lithologica.lly ther·e are essentially two varieties of 

gneiss: biotite-~icrocline gneiss and biotite-hornblende-oligoclase gneiss. 

'T'extura.lly a.lso, gneisses vary in different parts of the a.rea. and occur 

either as wall segregated bands or l ayers or as lent.icular ~;naisses 

which grade into wall developed augengneisses to the east. No textura.! 

nor li thological separation of the gne isse s i s ma. de in this the sis, mainly 

beca.use the sca.le of :rna.pping wa.s not suita.ble t'or the details involved. 

The time spe nt on the complex wa.s also insufficient to permit closer 

inspection, and the description will therefore be in e;eneral terms. 
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PLATE IX 

1 inch 

Fig. 27 Hornblende-biotite-muscovite gneiss. 

1 inch 

Fig. 28 (Sp. 10) Typical evenly banded schistose gneiss. 



1ŒGASCOPIC ~SCHIPTION; 

Megascopically the gneisses are pale ~rey to deep !;rey 

or reddish rock showing corresponding; variations in col"lposi ti on. The 

differences in color are due in part to the relative proportions of 

mica and hornblende, and in part to -:he fa.ct tha.t a. large proportion of 

the feldspar present is grey or reddish in co lor. It usually ha.s a 

distinctive foliation impa.rted by the pa.ra.llel arran~ement of micas 

which separa.ts well defined pa.ra.llel strips of qua.rtzo-feldspathic 

material (Plate IX, ligure 28, Plate X, }'igure 30). 'l'he conspicuous 

minerals are pink feldspar, quartz, biotite, muscovite and hornblgnde. 

No p_: ~1rnet has been found in ~he gneisses. Most of the gnE~iss is an evenly 

color-banded acidic rock that contains a variable but often considerable 

amou nt of biotite and mus co vi te. Though the a.mount of mica varies 

continuously, it is for the most part evsnly distributed. It occurs 

generally in bands, v arying from 1 mm. to so"r~etimes as much as 2 feet 

in width. 'l'his increase and decrease in different bands of evenly dis­

seminated mica imparts various snades of grey and pink to t he banded 

gneiss. ~hese films decompose more readily t han the rest of +he rock 

and give rise to planes of weakness along which fragments beco~e 

detached. 

In the eastern part of the map area, amphiboli+e inclusions 

may be observed. 11.'hey are irregular in shape but coincide in foliation 

with the inclosing gneiss. Sharply folded gneissic and amphibolitic 

bands are at places eut o "f by aplitic and pe gmatitic dikes. "'hese 

pe roçmatites vary in width from mere string;s about one inch across up to 

dikes many .feet across. Vii th grea.ter width, the pegmati+es lose their 
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dike like form and become more or less lenticular masses. ~hey are 

chiefly made up or potash feldspar and quartz. Their grain size is 

irregular, and a rapid variation from place to place from coarse to 

fine-grain is characteristic. Specim9n c8 is a typical representative 

of medium grained pegmatite and its chemical analysis is as follows: 

sw2 72.66 

Al2o3 11.16 

FeO 0.34 

Fe 2o3 
2.92 

MgO 3.61 

CaO 1.05 

Na2o 4.56 

K2o 3.98 

Tio2 .19 

MnO 

1?2°5 

002 

(H
2

)S 

Ign loss 

Insoluble 

Total 

.18 

0.06 

.40 

101.11 

Hig~ly contorted bands in ptygmatic folds show flow 

structures and evidence of plasticity clearly increases eastward. The 

distribution of the se variations in cornposit ion and structure suggest 

a hybrid group of rocks th,:~. t corresponds to 11 mip.;matites 11 as they were 

called by Sederholm. 

In the western part of the map area, the most characteristic 

feature of the gneiss is the parallel banding. Any aplitic dikes thiAt 

may be pre sent are strictly conforma ble to the f'oliation of +.he gneiss. 

There is, however, another feature of the gneiss th~t is characterist.ic. 

The quartz and .:'eldspar grains are in rounded or au e;en shaped ~<, rains 

distributed in layers 1 to 2 rnrr.. thick (Plate X, Fi{2;Ure 29). ~hese layers 

are separated by thin seams of muscovite and biotite in ~ich bio+.i+e 

predominates. Also, outcrops with porphyroblastic microcline and orthoclase 
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PLATE X 

fig. 29. Lenticular gneiss showing rough parallel arrangement of the 
constituent minerals. Potash feldspar and quartz form lenses 
with micas tending t o wrap a.round them. 

1 inch 

,Fig. 30. Gray gneiss showing subparallel, lumpy foliation. 
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TABlE VII 

Mineral composition of the Gneiss complex 
in percentage of minerals 

Specimen Number 1 10 13 26 27 28 50 51 05 ca C9 en 012 Cl3 Cl4 Cl6 

Orthoclase 32 

!,~icrocline 45 13 42 32 49 48 38 

Feldspar 49 30 39 41 39 

Albite 59 

Oligoclase 19 41 11 19 21 39 11 

Ande sine 28 9 

Plagioclase ll 

Quartz 40 27 42 31 32 41 35 39 26 40 19 37 18 30 36 25 

Biotite 5 8 6 14 5 7 13 5 4 11 10 15 7 15 

Muscovite 5 5 3 7 5 2 

Epi dote 1 12 11 2 2 2 12 9 2 2 3 5 9 

Clinosoisi t e 13 

Hornblende 8 5 2 

Calcite .5 2 

Diopside 7 

Sphene 1 2 .2 l 5 

Iron ores .5 1 .2 .2 .2 1 .5 

Apatite .2 .15 .5 .5 .6 



are exposed. The f'irst i>npression is that the avera~e grain size is 

4 to 8 mm., but closer inspection shows that many of the le.rger units 

are actually aggregates of many subangular grains of orthoclase or 

microcline and quartz 0.1 mm. in aize (Plate X, Figure 29). Conspicuous 

phenocrysts are rare, but sorne 1 c~. long have been noted. They sug~est 

augengneisses with pote.sh feldspar and quartz ~aking up the lenses. 

MICROSCO.PIC ŒSCRIPl'ION: 

Foliation and Schistosity: 

The foliation is due to par alle 1 flakes o:' mica and, t o 

a lasser extent, to the lens-like shape of othe r minerals or mineral 

ag ?-,re gate s. 

Linear Structures: 

Viell 11arked linear structures of' tectonic origin lying 

in the plane of foliation or schistosity are common. In nodules, the 

shortest axis is perpendicular to the schistosity and the inte~ediate 

and langast axes lie within the plane of schistosity. Also lineation is 

produced by the parallelism of mine rals with one long dimension, su ch 

as hornblende. The inclusio (\S lie in the plane of the f oliation; they 

must have been oriented while the rock was still fluid. 

MINi!;H.ALS PF:f~SEhT : 

The Gabriel and Cox method of identifying potash feldspars 

(Twenhofel , 1941) by staining them with cobalt nitrite was very success­

fully applied to approximate ly 30 thin sections. 

r.!1ost of the pot ash fe ldspar is microcline and shows 1;00d 

polysynthet ic twinning . It forms about 40 per cent of the rock and 

occurs either as augen-like phenocrjsts 1 to 1 1/2 mm. along the long 
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axis or in the groundmass as irregular patches and veinlets apparently 

replacing plagioclase (Plate XI, Figure 31). It forms small inclu~dons 

in oligoclase and seems to replace it. Muscovite and sericite are 

as soc iated '.'ii th microcline and are probably derived from it. Orthoc lase 

occurs together with microcline and also has a tendency to f orm por­

phyrobla.sts. It is also qu ite common in the form of veinlets surrounding 

plagioc le.se and quartz, - an indication that potash bearing solutions 

probably have been introduced. 

Carlsbad twinning was often observed in plagioclase +.hat 

range from An20 to An40 • The borders of the crystals are often irregular 

and wavy due to granoblastic texture. Quartz is widely distributed and 

occurs in several habits : as lens shaped a ggregates , wi+.h strange shadows 

in which the lenses represent original more or less equidimensional 

grains which have been flattened and granulated durin~ the defor~ation; 

or in small subrounded grains associat ed with similarly shaped feldspar 

in the groundmass. Biotite is usually the dark brown reddish variety 

with pleochroic haloes and together with muscovite imparts the t ypical 

gne is sic .foliation to the rock. At pb.ces the micas are not aligned and 

then form phenocrysts implaced at random in the rock . Bpidote is very 

common. It is found in granular aggre gates or as slander n·'ledles almost 

invariably associated with oligoclase a nd andesine. ~he presence of 

considerable epidote suggest s that t he original plagioclase ha s b e9n 

oligoclase-andesine which has been broken dawn into mainly oli~;oclase 

and àpidote. Biotite is also f rund t o be associa+.ed with epidote. 

Positive, elongated crystals of clinozoisite werg identified. Deep 

green hornblende is the characteristic amphibole (Plate XI, "B'igure 32). 

55 



PLATE XI 

Fig. 31 (Specimen 60) 

Microphotograph of a typical lenticular 
gneiss in which the quartzo-feldspathic 
components are a.ggrega.ted into thicker 
a.nd thinner lenses, around which reddish 
biotite is wra.pped. 

Nat. light x 26 

Fig. 32 (Specimen 33) 

Microphotogra.ph of a. hornblende gneiss. 
Abundant epidote, da.rk green pleochroic 
hornblende a.nd oligocla.se cla.ssify the 
rock into the epidote-amphibolite facies. 

Na.t. light x 26 

Fig . 33. (Specimen 69) 

Microphotogra.ph of a. mica. schist containing 
a.bundant garnat (upper right), sta.urolite, 
cya.nite, tourmaline and sillima.nite that do 
not show common orientation. 

Nat • light x 26 



Its properties are as follows: 

Pleochroic formula 

Refractive indices 

(X = straw yellow green 
(Y = deep olive green 
(Z : dark green 

(x = 1.665 
(y = 1.666 
(z = 1.669 with 2V - 65° and an extinction 

angle of 22° (c/1 Z). Sphene. iron ore. minor calcite and diopside and 

apatite are the accompanying accessory minerals. 

Sp. Cl4 has been chemically analysed (Table IX) and its 

mineral composition is given in Table VII. It representa a hornblende 

gneiss. 

Sp. 52 and 10 are typical representatives of the above 

described schistose gneiss (Table VII and Plate IX. Figure 28). 'T'heir 

che'llical analyses are compared with analyses of gneisses from other 

a.reas in 'l'able rx. 
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V- PROGRESSIVE FiliGIONAL ::ŒTAMORPHISM AND 'J.r;TASOi!A'T'ISl~ 

General Statement: 

The object of this paper is to subrnit evidence that a 

great series of cornparatively unaltered rocks spread over a. wide area 

passes gra.dually into crystalline schists and gneisses. Progressive 

regional rnetarnorphisrn increases from west to east. Shales, argillites, 

dolomites, arenaceous rocks, and iron formations as well as intrusive 

and volcanic rocks outside the map area are metamorphosed to mica schists, 

crystalline limestones, quartzites, a..mphibolites and gneisses in the area 

under study. The approximate location of the biotite and garnat isograds 

is outside the rnap area. vihile working in the field under Sauvé' and 

Bergeron of the Q.uebec Department of Bines in 1954 and 1955, the writer 

was able to establish the biotite isograd. The ~a.rnet isograd was located 

with the help of thin sections and information supplied by Bergeron and 

Ge linas. 

In the map area the metamorphic grade of the rocks is 

epi dote -amphibolite; further discussion on this tepic wi 11 be reserved 

.for a. later section of this pa.per. 

Hineral Assemblages: 

In the following chapter the writer proposes to discuss 

the distribution of the different minera.ls in the light of progressive 

regional rnetamorphism and to prove increasing ~rade of metamorphism from 

west to east. The appeara.nce of minerals from west to east is as :f'ollows: 

1. Chlorite, albite, quartz, light green hornblende, green biotite. 

2. Biotite, blue-green hornblende, oligocla.se or a.ndesine, 
garnat, sta.urolite, cyani te 

Dolomite..,. nruscovite -::> phlogopite 
Dolo111ite -r quartz __...:p actinolite (tre111olite) 
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3. Dolomite+ quartz ~ diopside 
Hornblende~ diops ide 

Quartz has a wide range of stability and occurs in 

nearly a.ll rocks of the map a.rea, except in some crysta.lline "T'.arbles 

and soma diopside a.mphibolites. In general, i t can be assumed +:hat t he re 

was suf~icient silica to form sa.turated minerals. 

Plagioclase wa.s not thoroughly studied, but the writer is 

under the impression tha.t the anorthite content of t he plagioclase 

increases from west to east from An10 to An 40" 

No potash feldspar has been seen in the thin sections of 

the rocks west of the 11 contact". 

The a~phiboles are chiefly found in amphibolites, which 

are partly of volcanic and intrusive and prtrtly of sedi"'!.entary orir,in. 

Hornblende largely takes the place of chlorite, and with increasing 

meta.morphism hornblende increases in amount and the individual cry stals 

become larger and ultimately they appear as porphyroblasts (Plate II, 

Figures 7, 8). An interesting feature of' the amphiboles is their color 

distribution. It was observed that the hornblende in the western part 

of the area had a deep green color th'l.t becomes lignter -toward the east. 

For the dark green V'l.riety: 

:x: - 1.664 
y = 1.665 
z = 1.668 

2V = 60° 
130 C./1 Z : 

The se properties place it into the Fe-rich variety of hornblende. 'T'he 

amphibole further east however, is the normal light green hornblende with: 

:x: : 1.660 
y = 1.668 
z : 1.672 

Viinchel 1 s tables ( 1951) show it to be the mo re aluminous variety. 
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In the gneiss complex tke common amphibole is again the 

dark grean variety with: 

x • 1.664 
y • 1.666 
z = 1.668 

Wiseman ( 1934) has studied the change in composition of the amphiboles 

in areas of progressive "!leta.m.orphism and has found that Al2o
3 

and the 

FeO:~JgO ratio increases with increasing intensity of metamorphism. 'T'he 

deve1opment of hornblende is probab1y the result of a chemical reaction 

between chlorite and calcite or chlorite and epidote. Soma hornblende 

is also uralitic; this is displayed by preservation of original augite 

and ophitic texture of the for"Jer gabbro sills. In the western part 

of the area hornblende and actinolitic amphibole are frequently associated 

with chlorite. Turner (1938) believes that the alternative development 

of chlorite with calcite or wi t.h abundant actinolite depends upon the 

amount of available ~0 and co2 and whether such bases as lime are 

removed .from the reacting system. by circulating solutions. According 

to Wiseman (1934) and Tillay (1925), actinolite can persist in the low 

grades only as a metastable component. The "ormation of hornblende in 

preference to certain other rninerals depends also on the nature of the 

rock and the dynamic fao+~rs to whioh the rock is subjected. According 

to Billings ( 1937, page 550), 11 one probable factor favoring the develop-

ment of hornblende instead of chlorite is ma.ssiveness of the rock. In 

wall bedded tuffs, which can readily shear, the formation of' amphibole 

is apparently prohibited and chlorite-epidote rocks develop instead. 11 

Sorne hornblende is also associated with dolomi+e and hns 

doubtlessly been derived from the latter. This problem will be disoussed 
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in connection with the origin of amphibolite. 

Chlorite is a typical mineral of the low temperature 

zone and generally decreases in amount as successive zones of higher 

grade are entered. It is found associated with hornblende and garnat, 

mainly in the western part of the map area. It t.hen occurs as small 

slightly pleochroic tablets. In soma sections it is definitely of 

retrograde origin. Nevertheless, the fact that the development of 

chlorite may be dependent on the prevailing stresses as well as on its 

structural location should not be overlooked. 

Most biotite is the product of the re.crystallization 

of initially ar~illaceous material and soma might be the result of 

reaction between dolomite, serici te and quartz. Chlorite also combines 

wi th l!D..lS ccvi te to pro duce bio ti '~a. The plates increase eastward in 

number and size and near Renia Lake biotite crystals of porphyroblastic 

dimensions can be found. Also, i t has been observed that from west to 

east nearly colorless, pale brown or green biotite shows gradual deepening 

in co lor. In the gneiss complex, the typical biotite is a red brown 

variety, characteristic of high grade biotites. 

Garnat ocours in mica schists and amphibolites, generally 

in euhedral crystals. (See Plate II, l''igure 8) Optica.l, physical 'lnd 

chemical data suggest almandite with a small amount of pyrope and 

spessartite in solid solution. The source of manganese of +he ~arnets 

is probably the sedimenta.ry material. ~he garnet owes its development 

to chlori te th at reacted wi th the manganiferous mate rial in the sediment. 

The reason for the absence of garne-ts in sorne a.mphibolites of sedimentary 

or volcanic ori~in is due to chemical composition of the rocks. Chlorite 

is used up cornpletely in the production of biotite and the excess of 
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chlorite surviving beyond the biotite iso~rad probably reacts with 

epidote to form amphiboles. There is therefore, insufficient chlorite 

left to produce garnets. A further discussion of the formation and 

distribution of garnet will be found in a later section of this paper 

under the heading "Garnat Isograd". No garnets have been found in +-ha 

gnei ss c omp lex. 

Staurolite and cyanite are of sporadic occurrence and 

are confined to aluminous a.nd. calca.reous sediments. ~hey ar "! not 

visible to the na.ked eye but in thin section they appea.r in subhedra.l 

crystals and elongate fragments strewn out para.llel +o the schistosity. 

(see Plate III, Figure lü) Groups of the fragments are surroundad and 

separated from ea.ch other by a. ma.t of biotite and muscovi te. Sta.urolite 

and cyani te proba.bly form at the expanse of bio ti +e and muscovi ta. The 

format ion of staurolite and cya.nite is dependent to a. considerable 

extent on total composition of the rock, and their distribution is 

therefore abrupt and erratic. The absence of these minerals in the 

gneiss complex is probably due to meta.somatic affects which, by the 

addition of lime , potash, and soda, moved the bulk composition of the 

argillaceous rocks to a. sta.bility field suita.b le for epi~ote , pla.~iocla.se, 

and pota.sh feldspar to d~velop. 

Calcite and dolomite occur t ogether in c r yst alline lime­

stones and dol omitic ma.rble s , and are often a.s sociated with quartz, 

roset ~es of tromolite-actinolite, and even diopside. From west to e ast 

calcite and dolomite give wa.y t o tremolite , and tremolit.e itself changes 

t o diopside i n the gneiss a.rea. . The relation between calcareous se diments 

and a.mphibolites is reserved t o the section dea.ling with t he origin o f 

a.mphibolites. 
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Phlogopite has been observed only in impure crystalline 

limsstones and dolomitic marbles and is probubly produced by the reaction 

of dolomite and muscovite. It might also be of primary ori{l;in. 

Epidote is very common and becomes most plentiful in 

some arophibolites on the west coast of Renia h~ke. In view of the 

abundan-ce of epidote th~t is usually associated with plag;ioclase, i+: 

is probable that it resulted from feldspar according to the reaction: 

platz;ioclase+ water-+ iron -::> albite+ epidote + alumirrum+ silica 

Iron ores, apatite, sphene, pyrite and pyrrhotite, and tourmaline occur 

as minor accessories. 

Application of Facies Principle: 

The first zonal mapping in rocks of this type was done 

by Barrov< in 1893. He studied an area of metamorphosed sedimentary and 

igneous rocks in the southwest Hi~lands and showed that zones of 

different metamorphic intensity could be distinguished by napping the 

distribution of certain index minerals. 'J'i lley extended Barrow' s work 

in 1925 and defined a zone as an area bounded by lines or isograds, 

11 drawn between points of first entry of the distinctive new minerals into 

the assemblage". (1924) Eskola (1920) grouped metamorphic rocks into 

metamorphic facies, "to designate a group of rocks characterized by 

a definite set of minerals which under the conditions obtaininf!: during 

the ir formation were in perfect equilibrium with each other. 'l'he 

quantitative and qualitative mineral co:nposition in the rocks of a 

r,iven facies varies gradually in correspondance with variations in the 

chemica.l composition of -!::he rocks". In other words, the facies principle 

is based on thennodynamics, that is, if the pressure. tempe rature# and 

composition are fixed, then the mineral as sembla~e is fixed, independant 
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of the mannar in wnich the conditions were applied. Eskolo. assumed 

tha.t the series chosen was isochemical and disrev,arded the water contont. 

Since t.hen it has been proved by Yoder (1952, txll':e 569) that, "presence 

of an excess or deff'iciency of water vapor greatly inf'luer.ces the 

mineralop.:.y of the metamorphic rock~ •••• all the now accepted critical 

assemblages v.rhich defined the metamorphic facies nay have 7'orl"'ed under 

the sa,e pressure - temperature conditions (at appro:x:ir-:ately 600° and 

15~000 psi) the different facies beine; primHily the f'unction of the 

bulk composition". Yoder was able to obtain mineral asseMbla~?;es 

sug !!:estive of every one of the now accepted me-+:amorphic f acies in 

stable equilïtrium. He also stressed that the teYT'perature of appeara.nce 

of a mineral in a bed difficient in water will be different from th~t 

in a bed containing e:x:cess v:ater~ a.nd that temperature and composition 

are the '!tost important variables in rock metar".orphism. 'I'herefore ~ the 

temperatut·e of for!'l'ation of mineral assemblages cannet be accurately 

determined without knowledge of the changes of bulk cor,position of the 

rock. There are several other factors which profoundly aff'ect +-he 

minera l assembla.~·e of +:he rock. 

1. At lovrer temperatures, stress is the chiE-f' f actor in account-
ing .for the difference be.tween rer.;iona.l and contact metamorphism. 
Stress, theref.ore, is an important factor which aids in +-he 
fo rma .... ion of somè rüneral s, e.lth ough the growth mL:ht no +- be 
dependent on stress. (Turner, 1938) 

2. Massiveness of a rock in comparison to less conpetent rocks 
may resu.lt in the absence of a mineral like chlori+.:e. 

3. 'I'he location of beds with respect t o folds or faults, one 
mig;ht e:x:pect higher intensity of metamorphism in different 
parts of a fold. 

4 . ~ïnally ,the st ructural contra 1 of metamorphic assemblages . In 
those structures which provide openipgs, liquids and ~asses 
will have access and an apparent lmver grade of metamorphism 
will ta.ke place. 
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Biotite Isograd: 

An original series of sedi~ents and interbedded igneous 

horizons have undergone regional metamorphisrn of sufficient high grade 

to cause the appearance of bioti~e and garnat in pelitic rocks. 

Of the isograds of Barrow and Tillay. the biotite and 

garnat isograds are best developed and their approxim~l.'l: e location is 

shown on the accolllpanying map (Fig. 34). It is a transit ional boundary, 

not a sharp contact; this is to be expected b8cause o.f' the rrultiplicity 

of structural, physica.l, and chemical variables. The isoF;rads have a. 

cross cutting relationship with the regional structure; they are there­

fore, assumed to be superimposed on the underly ing roc ks. The ava.ilable 

data wa.s insufficient to allow more than a rough approxi~~t ion of the 

loc at ion of the bioti +.e and garnet isograds throuf;hout most of the ir 

length. Moreover, the ready destruction of biot ite either by weatherins 

or retrograde metamorphism make the outline of the biotite iso?;ra.d even 

more difficult. 'T'he biotite is first yellowish brown and green but 

around Renia Lake assumes a. t ypica l red-brown tint characteristic of 

high-gr .9.de biotites. Persistance of chlorite and muscovite in tempera­

tures apparent ly somewha.t above th at at which biotite first appears in 

pelitic schists, ha.s been attributed by Billings (1937) to the greater 

capacity of qu~rtzo-feldspathic rocks to sustain high s hearing strain. 

Garnat Isogr ad : 

This tentative lina includes the .furthest points west at 

wh ich garnets have been noted in the field (Bergeron 1954 and sections). 

In gener a l, t he ga.rnets o ccu r very errat ically. The first gar ne t s to 

appea.r are lumps the size of pinheads; under the microscope t hey are 

se en to be about 0. 5 mm in diamete r. A f ew hundre d fe et east of the 
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ga.rnet isogra.d, :;çarnets become ":'lOre a.bunda.nt and la.rger. 'Iii th the 

increase in number and size, there is an increase in grain size of a.ll 

the minera.ls and development of schistosity. The presence of a.bunda.nt 

ga.rnets gives a. wa.vy and lumpy appeara.nce to cleavage surfaces because 

micas tend to behd a.round ga.rnets. (see Plate I, ~'igure 4) Colors 

change very little but ba.nding by segregation of minerals along certain 

layers, - proba.bly former bedding planes - is more pronounced. Ea.rly 

gamets have been a.nalysed and the following properties werB found: 

specifie gravity varies between 3.65 and 3.74, and the refra.ctive index 

is from 1.790 to 1.795. The borax bead showed a.lmost no reaction for 

mang;anese. According_~ to Viinche 1 (1951), t he ga.rnet is classified 

as Al70 Py30 • 

Approximat~ly one mile east of the g~rnet isograd, the 

typical roc k i s a garnet-mica-schist (Plate I, l<'i gu re 4 and c her.'lical 

analysis, page 84 ), with euhedral garne ts as b i g a s one a nd one half 

inches in diameter. At pla ces the rock is liter ally studded vlith 

garnets. There is also a def inite inc r ea.se in t he proportion of biotite 

to muscovite fro m west to east. It wa.s f ormerly believed th at t he 

growth of garnat only ta.kes pla ce if the excess of wat e r is removed 

and t he rernaining phases are dehydrated. According t o Yoder, (1952, 

page 623) 11 ga.rnet will form in sediments who se approp ria. t e bulk 

composit i on lie s in the wa.ter difficient re g ion at any tempe ratu r e be low 

t he upper stability limit of garnat and a t any temperat ure above wh ich 

i ts rate of growth is adequate". The f ormation of ga.rnet will therefore 

be depe n dent on its r ate of g rowth and not so much on the a.+tainment 

of a spec i fie temperature a nd pressure. 'T'he problem of the ori ç;in of 

gar net is one of tne most difficult ones. I t must be f ormed f r om soma 
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of the minerals close to the garnat isograd. Based on the evidence 

seen in thin section, the writer is inc lined to be lieve that gfl.rnets 

resulted from the combinution of biotite and some remaining chlorite. 

Tilley (1925), followed by Phillips (1930), consider tha+. garnat is 

usually forl"'led from chlorite that remained over from the biotite zone, 

and Harker (1932) gives convincing illustrations of g~rnet pseudomorph 

after chlorite. In the western part of the map area, garnat is found to 

be associated with chlorite. The highly crushed and disintegrated 

nature of the porphyroblasts however, point to the fact that the rock 

was probably subject to later disturbances with retro!!_;ressive affects. 

If not retrogressive, association of garnat and chlorite is explained 

by Osberg (1952) to be due to gamet forming at the expanse of the 

ferrous portion of chlorite only. 

Epidote-Amphibolite Facies: 

Harker has stated (1932) that pro gressive or zonal 

metamorphism in a re gion can be studied and the relation of the zones 

established bef ore the stratigraphy and tectonic s are known, and he 

cites the study of metamorphism in the Scottish Highlands as an example. 

Although the increase of metanorphic intensity can be sean in the pro­

gressive changes of each of the rock types, the description of the 

stratigraphy of the area would be confusing unless the changes induced 

by pro gressive metamorphism are taken into account. As mi~ht be expected, 

the increase in metamorphism though generally progressive, is not 

uniform. Some areas have been more or less af~ected, undoubtedly due 

to differences in chemical composition, stress patterns, textural and 

structural controls o.f the various rocks. The grade of metamorphism in 
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t .he map area corresponds to that of the epidote-amphïboli+:e facies, 

as stated by 'T'urner (1951) and Barth (1952). 

~f.inerals present: 

There are a number of typica.l minerals of the epidote­

amphibolite facies in the Ma.p area: Pleochroic hornblende, that is green 

in the west and changes to a deep blue green variety in the eastern part 

of the area. The mineral has not been analysed for its Al2o3 content, 

but the aluminum content of hornblende probably increases to the east. 

ùest of Renia Lake, actinolite is found. According to Turner the 

aluminum content of hornblende increase s wi th progressive metamorphism, 

and actinolitic hornblende of the upper green-schist facies gradually 

changes to the aluminous hornblende of the epidote-amphibolite facies. 

Hornblende typically occurs in amphibolites associated with pla~ioclase, 

epidote and so~e quartz. Almandite (Al 70Py30) is ~he ~ost co~on ~arnet 

in typical garnet-mica schists and garnet amphibolites. No g;<1.rnets 

were observed in the granite-gneiss complex. Ye llow brown bioti+e flakes 

increase in number and size, eastward. 'l'heir color also chanf!.eS to a 

deep red color east of Renia Lake. Fair amounts of muscovite are present 

but seemto decrease westward as biotite increases. Well twinned 

oligoclase (Anzo-An3o) is the most common plagioclase in the west; 

although sorne albite also has been observed. The anorthite content seems 

to increase eastward to An40 • Bpidote is almost invariably associated 

with oligoclase and hornblende and in soma amphibolites it is scattered 

throughout the rock in great numbers. Calcite and dolomite combine with 

quartz to .form tremolite and diopside rocks. 

Lower, medium, high parts of the epidote-amphibolite facies: 

As can be sean from the accompanying map, the epidote-
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amphibolite facies has been tentatively subdivided into: 

(a) lower epidote-amphibolite that contains green hornblende, almandite, 

albite-oligoclase, yellow brown biotite, and som.e chlorite. Its principle 

che~ical reactions are: 

Muscovite+ .F'eMg Chlorite+ Si02 -'l' Biotite -r Al-Chlorite 

Chlorite -r Quartz ~ Garnat + \Jater 

(b) the rœdiun epidote amphibolite facies that contain green hornblende, 

oligoclase, abundant epidote, darker biotite and chlorite (retrogressive). 

Its princip le chemical reactions are: 

Dolomite..,.. quartz + water-:;>- tremolite + calcite_,_ co2 
Oligoclase ---;> Bpidote 

(c) the high epidote-amphibolite facies that contain dark green 

hornblende, oligoclase-andesine, less epidote, red brown biot-ite, 

staurolite and cyanite. Its princip le chemical reactions are: 

Dolomite -r- quartz -;;:> Diopside + co
2 

Tremolit.e -t Calcite -;- quartz -"> Diopside + C02 -r water 

Hi ca -':> Stauroli t.e -r quartz -t- Free K Potash 

The mineral assemblages can probably be pictured by the A~' diagrams or 

Barth ( 1952) page 339 - 340) for the low and the high epidote-amphibolite 

Lovrer part of the epidote­
amphibolite facies 

Higher part of the epidote­
amphibolite facies 
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Evidence presented in a later section of this paper proves that t he 

epidot:' -amphibo lite facil3s o :' the '1.ap a rea !';rade into the amphibolite 

facies further east. 

Disequi librium: 

"Any mineral assembla ge in which one "li neral is in 

process of' a.rising from a.notner r:rust be regarded as hein~,~ in unsta.ble 

equilibrium". (T illay 1924) I t was most difficult to con sider whether 

7he assembla se of minera.ls represents equilibrium or d isequilibriun , 

and if the latter, which minerals are pro :·~ressive and which re trog rada. 

This pro bla·r'l was especia.lly acute vri th ch lori te, to deter'"'line ·whe-f:he r 

i+ is a relict mineral fron the lower zone , or if' it is ref:ro?;r!tde af+er 

garnet. 

Pror; ressive disequilibriu-,.,: 

Prosressive disequilibrium. has been de"ined as +he 

failure to a.tta.in equ ilib riu"1 under condit ions of rising ,.,e+AMorphic 

intensity. Only ra.rely has chlorite been observe d to be present in Sr'a.ll 

flakes in t .he groundmass and probably then it is a relict from a lower 

gr ade -zone. Porphyroblasts o" hornblende and biotHe bave been seen 

to be i'"'lbedded in a <sround"lass of' serici+e , calcite, albit., , quartz and 

minor chlorite. 'T'he !';raund'"'lass represent s low grade c onditions. Vihan 

hi.~her intensity wa.s atta.ine d, large hornb lende cr.1stals began t.o "orrrJ 

a.t t .he expense of seric ite and chlor ite. 

Retro v, rade disequil i br ium: 

Retro s ra.de disequilibriun has been define.d as a fai lure 

to a.tta.in equilibrium under conditions of f'a.ll inr: ~etll.>norphic intensity . 

In the western part of the '1ap a r e a. , muc n of the chlo ri ~e is o f' r et rog rade. 
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origin. It has been obse!·ved as a shell around garnat, or as small, 

bent inclusions. The prnets are typically crushed (Plate VII, 

Ii'igures 21 & 23). Ha.ny of the feldspars also show retrograde affects. 

This alteration consista of the formation of epidote and sericite fro~ 

the original plagioclase. The retrograde minerals have a higher water 

content than the minerals from which they were derived. Harker believes 

ti1at the water content of the schists is able to supply the water, but 

water can also be introduced from external sources. No special retro­

grade metamor~hism howeve r, has been di scovered in the vicinity of the 

fault. The writer did not find any evidence th'.i.t the retro!l;rade pro­

cesses bear any relation to special structural features, the evidence 

indicated rather that the retrograde minerals appear sporadically. 

Met asomat i sm: 

The study of the changes in che~ical composition 

dur ing regional metamorphism wou ld necessi tate an extremely detailed 

study. 

In the map area feldspathization of the granite gneiss 

may be observed. The fact that there is an abundance of apli+.es and 

pegmatites suggests th<:~.t tnere wa.s a.n introduction of potash-bearing 

solutions. It is also qui te probable that the forr'!er sediments have 

been "soaked" by siliceous emanations th~t carried rninor carbonates 

and po+ash. Water and carbon dioxide apparently move readily t.hrough 

the rocks and are usually involved in metamorphic reac+ions. Under the 

microscope there is clear evidence of intergranula.r filling of the 

interstices of subrounded quartz grains and plagioclases by pota.sh 

feldspa.r. Numerous inclusions of microcline in olie;oclase have been 
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observed that apparently replaces the plagioclase. ~he striking 

variability in mineralogical composition of the gneisses also point 

towa.rd a. meta.soma.tic addition of feldspa.r. But how rrn.lCh is 11 gra.nitizedu 

granite, and hmv much is magma.tic granite is not known. According to 

Auger (1954), the meta.morphism observed in the rocks of the iron forma­

tion are due to the thermal energy supplied by the gabbro sills. The 

writer did not observe any far reaching alterations of rocks in the 

vicinity of the se intrusives. 

Sorne sulfur (H2S) has been found by chemical analysis 

of a garnat a.mphibolite rock (Sp. 6) near +he "contact" and might 

indicate a hydrothermal introduction of sulfur alan~; +~J,.is zone of 

weakness. 

The weight percenta~es of the oxides as ~iven in the 

chemical analyses ~re of lesa importance and should be recalculated so 

as to show the quantitative relations of the cation percentages and 

their associated ions. The mode and the V'::>.rious norms for the meta­

morphic rocks in the map are a cou ld be trru.s ol.Jtained. 
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Summary of the evidences of progressive regional metamorphism from 
West to East and North t.;ast: 

1. ~;lhile near the 11 conta.ct 11
, a.plites and pegmatites are conforma.ble 

to the structural trend of the rocks, their number and crosscutting 

nature increases ea.stward. Octopus-like arms of aplite dikes ra.dia.te 

from a. co~mon centre and crosscut the ba.nded gneisses and schists. So 

inextrica.bly are the rocks interwoven that it frequently beco~es im-

possible to say how much of the ma.ss is igneous <tnd how much of 

Meta.morphic origin. 

2. In the east, cleava.ge is invaria.bly para.lle 1 to bedding. 

3. Schistosity is more conspicuous from west +.o east. 

4. Increase in ptygma.tic folding and col'!1.plexity of structures froM 

west to east) 

5. The nunber of da.rk, basic inclusions of the nature of amphibolites, 

increases eastward. 

6. The co mpo si t ion of the rocks in the east i s furthe r remove d from 

the mineralogy in the west. 

7. There is a definite increa.se in grain size toward the east; for 

example, the sla.te west of the map uraa is so fine gr-ained tha t. the 

individual minerals cannet be distinguished wi th the naked eye. In the 

mica. schists however, the groundmass is somewhat coarser and por-

phyroblasts of garnet, hornblende, biotite and sta.urolite are nunerous. 

8. E'rom west to east hornblende and biotite chanp.;e to hip.;her intensity 

of co lor cha.racteristic for progressive meta.morphism. 

9. K bearing constituants increase eastward. 

10. Sequence of chlorite - rrn.lscovite - biotite - garnet - sta.uroli•e -

cya.nite and eventually sillima.nite !1:l.S been found near ~·ort Chirno. 'T'he 

latter occurs as sma.ll gla.ssy needles i'llbedded in quartz or in form of 
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wavy threads or films rese~bling spun silk. 

11. The presence of biotite and garnet isograds. 

Causes of metamorphism in the area under discussion: 

Progressive metamorphism h~s been described in a nu~ber 

of places in the world and the .f'ollowing causes have been assig;ned to it: 

l. Heat emanations from ma€Ç'Tlatic intrusions. 

2. Regional deformation under tangentially directed stresses. 

3. He at derived from deep burial witn consequent rise in te'llperature. 

4. Regional metasomatism due to waves of chemically active liquids. 

5. Dry diffusion processes. 

The distribution of textures and minerals is difficult 

to explain on the basis of pressure differences alone, and cannet be 

attribut.ed to composi t ional differences, since the isograds eut ac ross 

form9..tional boundaries. ~he isograds ~1nd zonal differences are pri!7tarily 

due to thermal metamorphism, as has been postulnted for the metamorphic 

zones in Scot land by Barrow (1893), Tillay ( 1925) and Harker (1932). The 

zonal distribution of te~sratures resulted in a zonal distribution of 

minerals and textures from shales and slates, characterized by sorne 

chlorite and absence of biotite, to more intense zones, characterized 

by biotite, garnet, stauroli te, and even tu ally s illimanite. ~he 

parallelism. of b8dding and cleavage may indicate that deep burial may 

have played a part; on the other hand, if it can be shawn that the 

younr::;est rocks in the stra.t·igraphic column show the most intense meta­

morphism, then lo~d meta.morphism is not the primary factor. Larger 

bodies of intrus ives :1..re more c OCJ.mon tow:1.rds the east, and as sedi!'lentary 

rocks a.l1llost invariably have been recrystallized to a hb;her c;rade 
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tow<.~.rds the east, J·.here T!!Ust be a connection betw'9en inct·ea.sing r.teta-

morphism and intrusives. Sodiu11, potassium, sulfur and carbon dioxide 

have probably been added. 

Although addition of hea+: from intrusive sources was 

the primary cause o.f the pro r, ressive incr'=laSe in T'letarnorphism, tanp.;ential 

st.ress due to horizontal co~pression was surely an important f'actor in 

controlling the character of the resulting rocks. The lovr grade meta-

morphism may have been due largely to folding along . According to 

Ambrose (1936, page 279), 11frictional heat rm.1st be generated on planes 

of she-':l.r wi"te n dif.ferential mova!'lent tai<:e s place •.p 
•• ·l.- the rocks are 

inti"la+ely s he ared, although the aJTlount of frict.iona.l hea.t developed 

along any g; iven plana may be S"'lall, the to :-a l anou nt must be enorr.J.ous. 

Provid'9d it is generated faster than it can be conducted awa.y, +.he 

te!T'perature of the whole body of' sheared rock must rise". It ho.s been 

since proved that m'?. ch anica.lly generated heat is insuf'f' icümt to cause 

an appreciable rise in temperature and produce hio.;h [!;rado metamorphic 

mineral&. Au _f!;er (1 :.! 54), who exarr.ined t~e northeastern v•rt of the 

11 Labrador 'I'rough11 belie ves t ha.t thermal metaJ'lorphis"'l was a '!lore important 

factor than dyna.n.üc meta.rnorphism to produce the cons ide rab le cham~e 

observed in the rocks. The writer believes thl'it the eastward increase 

in meta.morphism rrrust be due t o a co>1bination o.f "the followin~<; factors: 

1. Deep burial shawn by the plastic zones of g:neisses a nd "'li gM..a-tites 

and by the parallelis~ of bedding und cleava~e. 

2. Igneous intrusions shown by tD.e increase in size, number and structure 

of i gneous material suc h as a.plites and pe_f!;rYatge s . 

3. Difference in intensity of rock defor'1a.t ion. 
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VI - PE'!'ROGEh1SIS 

Introduction: 

In many cases, metamorphic rocks are so similnr in 

character, that it is often impossible ta deternine their o:ri.r,in with 

absolute certainty. Great di.f'E'iculty was encountered when the wri+er 

had to determine the origin of the amphibolites. Several hypotheses 

have been put forward to explain the ori~in of amphibolites. 

1. Metasomatism of limestone by magmatic fluids (AdaMs & Barlow 1910) 

2. Reconstitution of argillaceous dolomite layers or li!!le shales with 

litt le or no modification in composition. 

3. Metamorphism or gabbro or diori te. 

4. Hetar10rphism of vole anie rocks including lava flows and tu:fti's. 

In ~any cases, the writar was able ta separate the 

amphibolites' of sedimentary and igneous origin. Greater difficulty was 

encountered in establishing the volcanic or intrusivl!:l origin of 

amphibolites. This difficulty was augrnented by the fact that unmeta­

morphosed volcanic and intrusive rocks in the west had nearly identical 

chemical and nineralogical compositions and at places very si~il~r 

physical prop~rties. Nevertheless, seme a~phibolites (as seen on ~he map) 

were positively identified as being ~etamorphosed int~~sive bodi~s of 

basic composition. 

Amphi bali te derived from Gabbro: 

In the map area, amphibolites of intrusive origin :'orrn 

conf'ormable plagioclase - hornblende - diopside bodies that parallel 

the re gional trend of the structure and schistosity. They form pro~inent 

ridges on account of their superior resistance to erosion and in every 

way resemb le the gabbro sills encountered west of the map area. ~he 
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massiveness of the rock, the relict ophitic textures, the mineral 

composition and the size and shape leave no dou ::>t that the rock has 

been derived from for •'ler gabbro sills. 'l'hase rocks are com"'lonly 

weathered to a considerable extent. Originally they were co1Tlposed of 

augi+e and plagioclase (andesine-labradorite), so"'le titaniferous 

magnetite, and some quartz and sodic plagioclase. ~he augite is 

usually changed to hornblende and the plagioclase is more or less 

saussiritized. Hornblende is strongly developed and the farniliar 

gabbroic appearance gives place to a more or less dioritic +:ype. In 

thin section this pale green uralitic hornblende has numerous inclusions 

of diopside or augite th ,lt seem to re place it. Tnis is cle a r ovidE> nee 

t ha.t seconda.ry hornblende has respondad to hi~her temperatures and ha.s 

alt~red to pyroxene. Subordinate amounts of biotite, calcite, apntite, 

sphene, iron ores, pyrite, and pyrrhotite are usually present. ~he 

che"'lica.l composition of amphibolites in the area is compared with 

similar rocks in other areas and is given in Table VIII. 'l'he predominance 

of soda over potash, as well as the low perce~nta ,~e of' li'T!9 1:1.nd "la.gnesiA. 

are characteristic features of igneous rocks. ~he writer is convince~d 

thn.t a p;reat number of amphibolites in the map area are of volcanic or 

pyroclast ic origin, but unfortunately he was unab le to :'ind any 

characteristics that would convincingly prove the"'! to be of such origin. 

Possibly many quantitative experiments on the concentration of trace 

elements in amphibolites (Bngel and 1ngel 1951) will be a suitable 

criterion for determination of the origin of these amphibolites • 

.Arnphibolite derived from dolo"'li+:e or impure i•e-l.~g .Limestone: 

In addition to the amphibolites which have resulted from 

the alteration of igneous bodies, there are also amphibolites of 
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Table VIII Comparison of Analyses of ampbibolites 

Ign. 
Si02 A~03 FeO F~03 .MgO CaO N~O !<20 Ti02 MnO c~ P205 s(~s) Loss In sol *XyO Total 

55 51.20 7.05 8.36 6.10 10.14 15.40 1.06 0.18 0.20 0.17 0.02 0.70 100.58 

49 48.93 15.52 8.06 3-72 8.00 11.00 2.37 1.03 0.42 0.17 0.03 0.60 100.85 

18 47.08 12.96 6.72 5.21 9-20 14.44 1.27 0.11 0.24 0.15 o.o4 0.90 98.32 

6 49.59 9.16 12.62 5-07 7-24 8.65 0.87 1.14 0.62 0.24 0.05 0.30 1.30 ** 96.85 

I 

II 

III 

(55 
(18 

6 
49 

I 
tt 

III 

50.30 14.1 7-2 8.1 4.0 2.3 1.6 1.5 

49.9 15.5 8.0 3-0 7.8 8.9 3·3 0.7 1.5 1.7 

52.4 13.6 9.8 2.7 5-5 10.0 2.3 0.4 1.7 1.6 

Ampbibolite derived from gabbro sills, (Renia Lake Area) analysed by Mr. H. Dehn, MCGill University, Geochemical Laboratory. (1956) 
" " " " " " " " " " " " " " " " " 

Garnet ampbibolite in Renia Lake area, " " 
Amphibolite in gneiss complex, Renia Lake, " " 
Hornblende schist (amphibolite) Vestana, Sweden, (Pirsson). 
Schistose amphibolite, Mass., derived from gabbro-basalt (Pirsson). 
Amphibolite, Maas., derived from impure argillaceous dolomite. (Pirsson). 

" 
" 

" 
Il 

" " " " Il 

Il " Il Il Il 

* XyO representa small amounts of other oxides. 
** This law total figure may be explained by the following considerations: 

It may be assumâd that S has oxidized to S03 and possibly bas reacted witb Ca or Mg. The ca, Mg sulfates are practically infusable; 
0.30 S would oxidize to 0.8 .S03; the ignition losa is tbereby lowered by approximately 0.5~. 

Furtbermore the high FeO content bas probably caused a law "ignition loss" value, due to oxidation of FeO Fe203 (lü%) 

100.3 

100.0 



sedimentary origin. As has been mentioned in a previous chapter, dark 

green hornblende - calcite - plagioclase amphibolites are close ly 

associated with, and grade into sedimentary rocks of dolomitic com­

position. Small, light colored inclusions of calcite and dolo"1ite are 

distributed in a patch-like manner in a mass of hornbl~nde or actino­

lite. In the dolomite-amphibolite complex the calcareous patches increase 

and decrease in number and size; the rock a.ppears at one place as a 

typical a~phibolite and at another, a typical crystalline dolomitic 

limestone or dolomitic marble. Dolomite, due toits relatively low 

dissociation pressure as compared with calcite, readily reacts with 

qu~rtz to form either tremolite, actinolite or diopside. Calcite and 

quartz are fcund together in the epidote-amphibolite zone in arenaceous 

m'trbles near the 11 contact11 and in lime quartzites, which indicates that 

they can exist tof!;ether in equilibrium. In ca.lca.reous rocks, +-he 

reaction of dolomite and qu~rtz to form tremolite and diopside has 

probably released co 2 • Bcw1en (1940) mentions that at a low temperature, 

cale ite, do lomi-!:e and quartz ca.n co-exist in equ ilibrium; but at a hi~er 

temperature, they react and a tremolite bearing rock resulta according 

to the equation: 

5Ca.Mg(co3 ) 2 -t- 8Si0 2 -r H20""= :v- Ca2t~g 5H2 (Si0
3

}-t- 3CaC03 i- 7C02 

Diopside wa.s discovered in the same type of rocks in +:he granite gneiss 

complex. This is also evidence of eastward increasing metamorphic 

intensi ty or of "progressive deca.rbonation" as Bowen calls it. Diopside 

may form directly or indirectly from the reaction of do lomHe and quartz 

according to the equation: 

dolomite+ quartz ~ diopside +- co2 or 

tremolite+ calcite 4'- quartz .6:; ~ diopside-t-co
2

-r H
2

o 
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Bowen (1940) indicates that progressive ~etamorphis~ or dolo~itio 

rocks is essentially decarbonation; evolution of co2 accompanies the 

reaction, and the temperature at which the reaction will occur will 

depend on the applied pressure o-f co 2 • Porosity of the rock, existence 

of open fissures, as wall as access of solutions will be i~portant 

factors in fixing the pressure of co
2

• In the opinion of t.he present 

writer; soma amphibolites, west as wall as east of the "contact", are 

definitely of metasomatic origin and are derived from former dolomitio 

rocks. 

Ori~in of the granite-gneiss-migmatite complex: 

As ha.s been mentioned beforo, the gneiss shows a lan-

ti cular structure wi th potash feldspar and quartz occurring together in 

lenses sepa.ra.ted by films rich in reddish brown biotite. 'l'he films 

alternately approach and recede from each other and show the typical 

undulatory parallelism of a true lenticular gneiss. (see Plate X, fi~re 29) 

fhe other type is an evenly banded gneiss th~t extends for long distances. 

This conplex a:>pears to be composed of sedi'llentar·r 

rocks that have been changed by metasomatic igneous agencies into 

granitic gneisses. They reta.ined +:heir original attitude and structure 

of the sedimentary rocks that they represent. The great extent of the 

area affected, as wall as the abrupt changes in composition and texture 

across striKe indicate a. sedimentary origin. The persistent regular 

layering is probably also an inheritance from sedimentary bedding. 'l'he 

writer h'1s no douùt th''lt granitic gneiss is a.lso present; the wide 

distribution of pegmati +es and apli tes indicate the presence of granitic 

gneiss. Their contact with the neighbouring rocks is sharp and they 
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probably represent that part of the magma that consolidated last and 

penetrated farthest into the overlying rocks. lt'urther east however, 

grada.tiona.l contacts as v1ell as oriented inclusions of amphibolite in­

crease in number and the rocks assume all the cha.racteristics of 

typical migmatites. In this zone they probably have been formed partly 

by metasomatic replacement and partly by differential fusion of +:he 

parent sedimentary gneiss. It is an area of plastic gneiss and migmatite 

that has been described by Eskola as the "zone o.f dif'ferential anatexis 

or migmatic zone, or zone of mounta.in roots, where rocks becoT'le sufficiently 

mobile to be squeezed upward in any fissure and incorporate ~he host rock 11
• 

In spite of the uncertainty involved in deter-rnining the 

origin of these gneisses, the chemica.l ana.lysis given in Table IX may 

give a clue as to their course. The high content of K2o and Na2o might 

be interpreted as being due to the introduction of potassic and sodic 

granitizing ichor from outside. This explains the development of .feldspar 

porphyroblasts in the augen-gneiss and the association of oligoclase 

and potash feldspars. One has to keep in mind t~a.t the introduction 

of material from outside probably accompanied the reconstitution of the 

former sediments. Chemical analysis only, would therefore not be 

absolute proof of the origin of the gneiss complex. 

Origin of the garnet mica schist: 

There is no doubt that the garnat mica schists tha.t 

occur in the map area were once chloritic shales tha.t have been ra.ised 

to the present metamorphic grade by an advance of isothe~mal surfaces. 

The schists invariably crop out in the valleys and between ridges of 

more resistant rocks; the ir topographie, structural, and stratif,raphical 
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Table IX Comparison of Analyses of gneisses 

Ign. 
Si02 Al20:; FeO Fe203 ~0 CaO Na2o K20 TiC2 MnO co2 P205 S(H2S) !.Dss Insol. XyO* Total 

Cl4 50.30 20.16 6.64 4.82 2.79 6.25 4.90 2.10 0. 70"' 0.09 0.23 0.50 99.48 

C8 72.66 11.16 0.34 2.92 3.61 1.05 4.56 3.98 0.19 0.18 0.06 0.40 101.11 

52 65.06 16.68 2.17 2-79 1.66 3.85 4.90 2.00 0.38 0.06 o.o4 0.20 99·79 

10 71.12 14.13 0.69 2.43 0.48 0.35 3.17 6.45 0.37 0.02 0.08 0.50 99·79 

I 70.90 12.17 4.12 1.31 2.32 1.55 3.74 2.87 0.32 o.o4 0.26 99.60 

II 78.3 10.0 1.8 1.8 1.0 1.7 2.7 1.3 1.0 0.9 100.50 

III 82.4 11.3 0.3 1.10 0.2 0.2 0.6 1.0 2.5 0.2 99-7 

Dl 58.10 15.40 2.45 4.02 2.44 3.11 1.30 3.24 0.65 2.63 5-00 

Cl4 Hornblende mica gneiss from Renia Lake Area, ana1ysed by Mr. H. Dehn, :r.bGil1 University, Geocbemical Lab. (1956) 
C8 Typical medium-grained pégmatite from map area, Il Il Il Il Il Il n Il 

52 Typical scbistose gneiss, Renia Lake Area, Il Il Il Il Il Il Il Il 

10 Schistose gneiss, " " 11 Il Il Il Il Il Il Il Il 

I Quartz-Biotàte gneiss from the CGrenville series, N. vl. Adirondacks (Engel & Engel) 
II Fine-grainigneiss, Maryland (Pirsson) 

III Scbistose gneiss, Michigan (Pirsson) 
Dl Average sbale (Clarke, 1924) 

*XyO representa small amounts of other oxides. 



position is therefore completely analo?,ous to +-he location of shales 

and argillites in the western part of the "Labrador 'T'roug..~ 11 • 

The following table shows the che~ical components of 

specimen 69 which representa a typical garnet mica schist encountered in 

the map are a. 

Si02 - 41.90 Tio2 1.73 

Al2o
3 

- 2 7.09 MnO 0.12 

Feo 6.03 P205 0.04 

1''e203 - 10.50 co2 

MgO 2.22 S(H2S) 

CaO 1.94 Ie;n loss 1.10 

Na2o 2.29 Insoluble 3.50 

K 0 3.45 2 Total 101.91 

As sean from the analysis, 3.50 remained insoluble, although the rock 

powder was: 1) Fused with NaOH and treated with HCl 
2) .i<'umed wi th Hi'' 
3) Fuse d aga in wi th Al kali pyro su l.fate. 

'T'he amount of Si02 (41, 90) is insufficient to combine with the alkaline 

Al2o
3 

acts therefore, as an acid and reacts with one of the stronger 

oxydes (CaO, MgO MnO, FeO) to produce an aluminu'TI rich mineral. 

The excess of Al2o
3 

suggests the presence of corundum, - although no 

corundum has be~n round in thin section (Table VI). 
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VII-HYPOT~TICAL HISTORY OF THE ARBA 

Befors attempting to trace back the history o.f' the 

"Labrador Trough 11
, the wri ter fee ls th a.t i t is necessary to give i ts 

main characteristic features. 

1. E;rosional unconformity on the western contact of the 11 La.brador 

Trough11 with the gneisses. Structural unconformity on its eastern 11 contact 11
• 

2. Folding, faulting (reverse faults) increa.ses from west to east. 

3. Complexity of fo lding increases from west to east. 

4. Extrusive and intrusive rocks increase fro~ west to east. 

5. Clastic mate rial increases from west to east. 

6. Progressive regional metamorphism towards the east. 

In lata ~re-Cambrian times, the undula.ted continental 

ma.ss in northern Ungava was covered by a se a in wni ch a thick series of 

sediments were deposited. During a long period of deposition, calcareous 

and argillaceous sediments were laid down in a slowly subsiding basin. 

The presence of arenaceous material suggests shallow wa.ter. The 

assemblage of rocks and their texture and distribution point to the 

following sequence of events: 

The accurrnlla.tion of sediments in neighbouring basins 

gave rise to a shallow mioGeosyncline flanked on its east sida by a 

eugeosynclinal or epicontinental basin of greater dimension and depth. 

Into the slowly sinking miogeosyncline, shales, dolomites and limestones 

were being laid down; the slightly east dipping strata favored trans­

portation of iron rich solutions over long distances. In the adjacent 

eugeosyncline, however, the sequence of events was a different one. 
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~hick series of argillaceous ~nd clastic ~aterial accumulated in 

an actively subsiding and mobile basin. A chain of volcanoes in the 

east, possibly in the nature of island-arcs extruded great masses of 

pillowed and massive lava as well as pyroclastics; a.lso plutonic sills 

of same co~position as the lava were intruded into the overlying series 

of volcanics and sediments. Bventually the basin reached the plastic 

zone and the sediments, volcanics and intrusives became i!llpregnated with 

magma.tic fluids. The bottom of the trough reached the zone of ultra­

metamorphism and large scala granitization began. The series was then 

folded and faulted into northwest trending folds by northeast - southwest 

compressional forces. The more mobile epicontinental basin was thrust 

westward over the relatively stable, low angle dipping series oP the mio­

geosyncline. Anticlines and synclines with their axial planes overturned 

to the west and scuthwest were formed in the a.ctivated part of the 

rniogeosyncline and throughout the eugeosyncline by these strong orogenie 

forces. Along this belt of' a.djustment, th ·.'l.t is, between the relatively 

stable portion of the "Labrador 1'rough11 and the "gneiss co!"l.plex" a. 

series o!' reverse faults and low angle thrust faults developad. In the 

map area., the 11 contaot 11 between the gneiss complex and the 11 'l'rough 11
, in 

other words between the main basin and the rniogeosyncline, representa 

one of these nurnerous thrust faults whereby plastic rocks of t.he east 

were thrust over the "Labrador Trough11 rocks in the west. Contemporaneously 

with the folding 9.nd formation of the mountain-built belt, gra.nitic 

rna.terial rose into the overlying series, disintegrating it and in­

corpor!:iting fragments of invaded rock. The invasion of igneous material 

as wall as the pressure and heat due to d<:1pth of burial wara +he "lain 
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factors which then e"fected progressive regional matamorphism as dis­

played in the area. After uplift, erosion laid bare a deeper part o~ 

the section in the east, where all rocks show good evidence of move~ent 

in a soft or plastic mate rial. They represent the root s of the for"'ler 

mountain built belt and the overturned anticlines and synclines of the 

"Labrador Trough 11
, are its foothills. F'igure 35 is a tentative sketch 

showing the possible sequence of events. 

Evidence of postcrystalline movements is c le ar. 

1. Soma biotite flakes a.nd amphibole crystals areparallel to "':"he 

crerulation to the planes of schistosity. 

2. Detrital quartz grains a.re crushed and drawn into lenses or into 

narrow ribbon-like layers that lie with their length parallel to +he 

schistosity. In the hi~hly crenulated schists, many of the ribbons are 

broken dawn ar;ain into aggregates of grains. 

3. Barly garnets have been subjected to postcrystalline movement; in 

the western prurt of the map area, the last movements were severe enoufp 

ta produce so"'le retrogression of high rank materials to those of lower 

rank. 

4. Blongate fragments of staurolite are strewn out parallel to schistosity. 
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VIII - SU : ~~ .1A..'tY AND CONCUJSIOHS 

The Renia Lake area (10 by 14 miles) is situatad east 

of Thevenet Lake, approximataly 30 miles west o~ l"ort Chimo on Koksoak 

Ri var in Ungava, New ~ue bec. lfapping wa.s do ne on a. sc ale of one inch 

to half a. mile. 

The area might be divided into two topographie units 

representing the "Labrador Trough" in the west f.l.nd +.he gneiss-mi~<; matite 

complex in the east. In the western part of the are a, lone; narrow 

amphibolite sills form long resistent ridges thr:.t are flanked by mica. 

schists in the va.lleys. In the ea.st8rn part, the aspect is that of a 

gentle, undulating plateau with abundant la.kes. Glacial erosion during 

Pleistocene times has scored the valleys and smoothed and polished the 

hi 11 tops. 

The distribution of the VD.rious rock +-ypes is shawn on 

t:he geolordca.l ma.p which accompa.nies this thesis. Severa.l varieties of 

amphibolites have been recognized in the weste~n part. Sorne are meta.­

morphosed gabbro sills as displayed by their field rela+.ions, relict 

ophitic textures, and the secondary nature of the a.~phiboles present 

in the rocks. Others are intima.tely interbedded with ca.lca.reous rocks, 

and their field relations a.nd mineral conposition defini+:ely indicate 

sedimentary origin. 'T'he a"lphibolites alternats with nor"'lal mica schists 

th at underly the valle ys. :Sast of the 11 contact", lies the gneiss 

co~plex which is actually a zone of injected, repb.ced, and meta.morphosed 

sediment.s, most of which contain quartz, feldspa.r, and biotite as their 

major constituants. Equigranular pegmatites and aplites are conformable 
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with the folia.t ion in the west but gra.dually show a cross cut;ting 

relationship further east and finally merge into a MiEMatite zone. 

This co"1plex zone is probably part of a. former epicontinental basin 

tha.t became filled with ."rea.t thicknesses o.:' sedi~nts, interla.yered 

volca.nics, and gabbro sills; then uplifted and thrust over ~he mioç:eo­

syncline to the west. Ove rturned anticlines and synclines developed 

in that eastern part of the miogeosyncline or "Labrador Trour;h 11 due to 

strong orogenie forces. One of the nu~erous law angle thrust faults in 

the adjustment zone is pro bab ly represented by the sinuous line sepa.ra.ting 

11 Labrudor Trough11 rocks from the gneiss co1"1plex in +he mup a.rea. Zones 

of different metamorphic grade were crea.ted by deep burial und ~he 

rising of gra.ni tic rocks that accompanied fo ldin~ and thrusting. \;est 

of the a.rea., the biotite and g;arnet isop.;rads v•~re tentatively esta.blished. 

'T'he ma.p a.rea itself contains TTJ.ineral assemblap;es and rock +.ypes ~hat 

correspond and are typical of those f'ound in +.he zone o.:' epidote­

amphibolite facies. 

The isograds, +:he increased structural and lithological 

complexity, and many other evidences clearly prove th~t the re~ion ha.s 

been subjected tc a. p;radual inc rea.se in 1"1eta.mol"phic in+:ensity from west 

to east. 
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