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PREFACE 

Geological investigations in the Mount Wright area of Quebec and Labrador 
show that the dominant rock types in that part of the region assigned to the 
Superior province of the Canadian Shield are hypersthene granulites. These rocks 
have characteristics similar to charnockitic rocks from other Shield areas of the 
world, and although such rocks have been described from Baffin Island which lies 
within the Churchill province, the Mount Wright occurrence was the first to be 
reported from the Superior province. 

This bulletin describes these rocks in the Mount Wright area, their geological 
setting, distinguishing features, petrography, and modification by Grenville meta­
morphism; it compares them with similar rocks from Precambrian areas of other 
continents ruid presents some thoughts on their mode of origin. 

Y. 0. FORTIER, 

Director, Geological Survey of Canada 

OTTAWA, August 17, 1965 



BULLETIN 162 - Die Pyroxen-Granulite des Kar­
tenblatts Mount Wright in Quebec und Labrador 
Von R. A. Roach und Stanley Duffell 
Eine Erorterung der geologischen Lage, der Minera­

logie, Petrographie und Petrogenese der pyrc.xenhaltigen 
Granulite in der tektonischen Provinz Superior gleich 
nordlich der Grenvillestirn und siidwestlich der Labra­
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THE PYROXENE GRANULITES OF THE MOUNT WRIGHT 

MAP-AREA, QUEBEC-NEWFOUNDLAND 

Abstract 
An assembl age of pyroxene-bearing granulite facies rocks occurring in 

the Superior province of the Canadian Shield immediate ly no rth of the 
Grenvil le front in the Mount Wright area, Quebec, has characte ri stics simil ar 
to those of cha rnockitic rocks from other Precambri an areas of the world. 
These rocks vary from Jeucocratic va rieties composed essentially of a lk ali 
fe ldspa r and quartz with more than 75 per cent silica to mafi c pyroxene-rich 
varie ties with less than 50 pe r cent silica . Most common varieties are qu artz 
pyroxene-pl agioc lase granulites of intermediate compositi on and others with a 
gra nodioritic composition. The geological setting, mode of occurrence, dis­
tinguishing fea tures, and cha racteri stic min erals of these rocks are described 
as well as the petrograph y of the various types. 

As these high-grade rocks arc traced sou thward toward the Grenvi lle 
front , they become progressively more recrystallized owing to later retrograde 
meta morphism related to the Grenville oroge ny . Along the front the gra nulites 
have been conve rted to ho rn blende and biotite-bearing gneisses and schists 
similar to the alma ndine-amphibo lite fac ies rocks wi thin the Grenville prov­
ince . The mineralogica l changes involved in this retrograde metamorphism 
are described . 

Petrogenesis of the granuli tes is dealt with and the ro le of the variables, 
temperature, water vapour press ure, and rock pressure , is di scussed in re lation 
to the nature of the feldspars , the presence of hydroxy l-beari ng minerals, and 
the fabr ic of the gra nulites. 

The status of cha rnockite nomenclature is co nsidered in the light of the 
reinterpretation of the type area at Madras by Subramani an ( 1959) , and the 
literatu re on the mode of origin of such rocks is rev iewed. The authors pro­
pose a non-genet ic class ifica tion in o rder to overcome previous ccnfusion and 
pl ace greater e mph as is on chemica l compositio n a nd the positio n of these 
rocks within the metamo rphic fac ies concept. 

Resume 
U n assembl age de roches a facies de granulite pyroxenifere que l'on 

trouve dans la province Superieure du Bo uclie r ca nadien, imm edi atement au 
no rd du front de Grenvi lle, dans la region du mo nt Wright (Quebec), possede 
des ca racterist iques sembla bles a cell es des roches cha rnocki tiques des a utres 
1egions preca mbriennes du monde. Ces roches se distinguent a partir de 
va rietes Jeucoc rates composees essentie lle ment de feldspath alca lin de quartz 
qui contient plus de 75 p . JOO de silice jusqu 'aux varietes abondant en elements 
ferromagnesiens riches en pyroxene contenant moins de 50 p. JOO de silice. 
Les va rietes Jes plus communes sont Jes granulites de pl agioc lases-pyroxene 
qua rtziferes de compos itio n intermedi aire et d'autres de composition granodio­
ritique. Le milieu geo logique, le mode de gisement, les traits distinctifs et Jes 
elements caracteristiques de ces roches sont decrits en meme temps que la 
petrographie de leurs differents genres. 



A mesure que ces roches a haute teneur apparai sent au sud, dans la 
direction du front de Grenville, elles se recristallisent progre sivement en 
raison du metamorpbisme retrograde ulterieur connexe a J'orogenie de Gren­
ville. Le long du front , Jes granulites se sont transformees en hornblende et 
en gneiss biotitifrre ainsi qu 'en schi stes semblables aux roches a fac ies 
d'amphibolite-a lm andine, dans la province de Grenville. Les au teurs decrivent 
Jes changements mineralogiques qu'entralne ce metamorphisme retrograde. 

La petrogenese des granulites est etudiee ainsi que le role des variables: 
temperature, pression de la vapeur d'eau et pression de la roche en fonction de 
la nature des fe ldspaths, Ja presence des mineraux contenant des hydroxyles 
ainsi que la st ructure des gra nulites. 

La situation de la nomenclature charnockite est consideree a la lumiere 
de la reinterpretation de l'aire type a Mad ras par Subramanian (1959) , et la 
documentation sur Ja genese de ces roches est passee en revue. Les auteurs 
proposent une classification non genetique dan le but de mettre fin a la 
confusion anterieure et insister davantage sur la composition chimique et la 
place de ces roches dans le concept du facies metamorph ique. 



INTRODUCTION 
During the study of the regional geology of Mount Wright map-a rea, Quebec­

Newfoundland ( reference 23B W/ 2 in the ational Topographic grid of Canada), 
a group of pyroxene-bearing granuli tes was encoun tered that appeared to have 
many characteristics similar to those of the "Charnockite se ries" first described by 
Holland (1900) , from M adras, Indi a. Petrological studies have since revealed 
fu rther similarities in mi neralogy and chemical composition between the Moun t 
Wright rocks and the several divisions of H olland 's o ri gi nal series. 

The evidence available in the Mount Wright map-area suggests that the 
granulites fo rmed a large part of the eroded Archaean basement upon which the 
Kaniapiskau rocks of the L abrador Trough were depos ited. During the Grenville 
orogeny bo th the granulites and the Kaniapiskau rocks were involved, in part, in 
the metamorphism and fo lding. North of the so-call ed G renville front the granu­
li tes have retained their o riginal cha racteri sti cs, but sou th of the fro nt they have 
been intensely fo lded, rec rystalli zed , imp regnated by granitic material, and con­
verted to gneisses and schists of a lower grade. In some instances the effects of 
the Grenvil le metamorphi sm are over-shadowed by further retrograde rec rystal­
lization related to verti cal movement along fault zones associated with the Grenville 
fro nt. 

U nfo rtunately the terminology fo r cha rnockites is controversial, with many 
authors using the terms in different senses and in reference to different rock types. 
Therefo re, th at the reade r, who may not be too fa mili ar with the charnockite con­
trove rsy, will have some understanding of the terms 'charnockite', 'chamockite 
seri es', and 'chamockite suite', a short review i given of Ho ll and 's o riginal definition 
of these first two terms and of their rein terp retat ion by Subra manian ( 1959). This 
is fo llowed by a brief survey of the va rious o ri gins postul ated fo r rocks with 
cha rnockitic characteri stics; considera tion is given to the metamorphic fac ies 
concept so that a clearer p icture may be p resented of the relationship between 
charnockitic rocks, granulites, and the rocks here desc ribed. 

Acknowledgments 
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various stages of this work : first, the technical staff of the Geologica l Survey of 
Canada for the preparation of thin sections and X- ray determinations; al o, the 
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INTRODUCTION 

Survey of Canada, and to Graham P ark and John Thomas of the University of 
orth Staffordshire, E ngland, for helpfu l discussion and information. 

Nomenclature 
Holl and ( 1893) first used the term "charnockite" in reference to a hypers­

thene granite from Madras, Indi a. The name was given in honour of Job Ch arnock, 
fo under of Calcutta, whose tombstone was made of this rock. H owever, a few 
years later in his classic memoir on the Charnocki te Series, H olland (l 900, p. 
130) used the term 'charnockite' as a "convenient name fo r a quartz- feldspar­
hypersthene- iron-ore rock in the charnocki te series and not as a name for any 
hypersthene granite occurring in other petrographical provinces." The term 'char­
nockite series' was applied to the whole group of rocks, includi ng charnockite, 
which he believed were geneti cally related to one another and which varied fro m 
acid to ultrabasic in composi tion. 

T he group or series was characteri zed by several distinct petrographic qu alities, 
of which perhaps the dark colou r exhibited even by the acid varieties is most dis­
ti nctive. Th is dark colour is due largely to the blue of the qu artz and the dull 
green-grey of the feldspar. Mineral linea tion, composi tional bandi ng, and general 
gneissose appearance along wi th an even-grai ned granulitic or panid iomorphic 
tex ture are common characteri stics. Perthitic, antiperth itic, and myrrnekitic rela­
tionships were observed in the intermed iate and more acid rock types. A highly 
pleochroic hypersthene was present th roughout the series, with augite, brown 
hornblende, and deep brown biotite occurring less consistently. Of the accessory 
minerals, magnetite and ilmenite were dominant, while in the gneissic varieties 
garnet was commonl y present. 

In 1959, Subramani an, after re-examining H olland's type a rea, redefined the 
tem1s 'charnockite' and 'charnocki te seri es'. According to him , charnockite is a 
"hypersth ene-quartz-feldspar rock with or wi thout garnet, characterized by greenish­
blue feldspar and greyish-blue quartz" (op. cit. pp. 345- 346). He justified this 
redefinition on the ground that the para type ( Charnock's tombstone) is found to 
be garneti ferous and that this fac ies is prevalent in the area. H e does not agree 
tha t there is a genetic relationship between the members of H o!J and 's "charnockite 
series", and if the term 'seri es' is to be retained he would like it to be restricted 
to a group of related alaski tes, charnockites (in sensu stricto) , enderbites, and 
quartz hypersthene syenites, all of which are ga rneti ferous. H owever, for these rocks 
which correspond to Holland 's acid division, Subramanian preferred the appellation 
'charnockite suite' . 

Howie (1955), on the other hand, fro m a geochemical and petrological study 
of charnockitic rocks fro m the type area, agreed more wi th H olland's views regard­
ing the geneti c relationshi ps between members of the seri es. H e regarded the 
various members as representing a plutooic igneous rock series that underwent 
slow recrystalliza tion in the solid state on being subjected to plutonic metamor­
phism at the granuli te fac ies level. 

Holl and (1900, p. 133) believed that the term 'charnockite series' should not 

3 



MOUNT WRIGHT MAP-AREA, QUEBEC- EWFOUNDLAND 

be applied to apparently similar rocks outside Madras unless a genetic relationship 
could be proved. However, the striking similarity of these rocks with others since 
described in the Shield areas of Africa, Scandinavia, North America, Antarctica, 
and Australia has encouraged fairly wide use of the terms 'charnockite' and 'char­
nockite series' . Jn many cases the terms have been used indiscriminately so that 
there are in the literature, as Subramanian stated, numerous references to "Char­
nockite rocks which bear little resemblance to the type area". Also, according to 
Subramanian, Holland's classification of the charnockite series into acid, inter­
mediate, basic, and ultrabasic divisions has been misunderstood and rocks have 
been described as acid, intermediate, and basic charnockites. 

From the discussion above it can readily be seen that many differences of 
opinion exist on the interpretation and use of the terms 'charnockite' and 'char­
nockite series'. Authors such as Groves (1935) favour the adjective charnockitic 
in referring to rocks with strong similarities to those of the type area. The writers 
prefer this usage and have used it in this bulletin. 

TABLE I 
Nomenclature used by Holla11d (1900) in the Madras area of India, com­
pared with that of Groves (1935) in Uganda, S11bra111ania11 (1959) in the 
Madras area, and t/1e writers in Q11ebcc-Newfou11dland. 

1900 
HOLLAND 

'Acid' division of 
cha rnockite series, 
including Jeptynites. 
Several varieties 
described including 
charnockite in sensu 
stricto. 

1935 
GROVES 

'In termediate' division 
of charnockite se ries, 
with contemporaneou s 
veins a nd basic fine ­
grained schlieren. 

'Basic' division of 
charnockite series; 
equiva lent in 
composition to 
no rites. 
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1959 
SUBRAMANIAN 

Chamockire suite . Alaskites 
( leucocratic granites). 
Charnockites ( hypersthene 
granites or bikremites). 
Enderbites ( hypersthene 
granodiorites). 

Hybrid rocks. Homogeneo us 
gra nodioritic rocks with 
xenoliths of basic granulite, 
and charnockite-pyroxene 
gra nulite migmatites 
composed of a lternating 
layers of pyroxene granulite 
and coarse charnockite 
material. Coarse veins of 
charnockitic material occur 
in profusion , traversing 
these hybrid rocks. 

Basement rocks. Pyroxene 
gra nulites and variants 
containing hornblende, 
ga rnet, biotite, etc. Appear 
to be reconstituted sheets 
of norite or gabbro 
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Acid gran ulites. Granitic 
gra nulites (or hypersthene 
granite); similar to 
cha rnockite in sensu stricto. 
Granodioritic granulites 
(o r hypers thene 
granodiorite) ; sim il ar to 
enderbite. Aplogranitic 
granulites (or a plogranite ); 
simil ar to alaskites. Ca n be 
garnetiferous. 

Intermediate granulites. 
B ioti te-pyroxene-q uartz-
pl ag ioclase granulites. 
These occur interbanded 
with acid granulites. 
Together these rocks form 
a gentl y dipping layered 
complex of composite 
gneisses. Ptygmatic and 
crosscutting veins of 
aplogranite a re common. 

Basic granulites 
Pyroxene-plagioc/ase 
granulites. Biotite 
pyroxene-plagioclase 
granulites with occasional 
hornblende . These occur as 
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1900 
HOLLA D 

'U/rrabasic' div ision 

1935 
GROVES 

i 
1959 

SUB RAMAN IA 

associated with the 
metasedimenta ry basement; 
some of them may be 
reconst ituted ca lca reous 
rock . Present as lenticul ar 
bodies and as xenoliths in 
the hybrid and charnockitic 
rocks; fo rm the mafic 
component in the 
migmatitic facies. Some 
granulites ca rry nodules 
of ca lc-silicate rock . 

INTRODUCTION 

1965 
ROACH A D DUFFELL 

thin bands and lenses 
within the intermediate 
gra nulites. N od ules of 
diopside-plagioclase 
gra nulite are occasion al ly 
encou ntered . 

C 1 _S_y_11-te_c_to_1_1i_c_l_e1-1s_e_s_o_f_ ba- s-ic--1--P-y_r_o-xe_1_1e---,.i-cl-1 _g_1_·a_11_11_/ i-te_s_. --

of cha mock i te series. ~ rock. No rite with layers M afic. rich in pyroxene. 

ot recognized . 

a nd schlieren of pyroxenite. Less th an 20% pl agioclase, 
occu rrence similar to th at 
of the pyroxene-pl agioclase 
gra nulites. 

Base111e 111 rocks. Schistose 
gneisses composed of 
qua rtz, fe ldspar, biotite, 
garnet, illimanite and 
frequently graphi te 
(khonda lites). Leptynite 
appears to be thoroughl y 
recon titu ted and 
recrysta lli zed fac ies of the 
above. Thin inte rstratified 
ba nds of magnetite 
quartzite. 

o other rocks encountered . 

Postulated Origins of Charnockitic Rocks 
As with the nomenclature, confu ion about the origin o( rocks with charnockitic 

affi nities has ensued. Howie (1955, p. 726) has stated the problem well: "As 
many modes oE occurrence have been suggested for these rocks as there have been 
de criptions of them". It would appear that there are charnockites and charnockites 
just as there are gra nites and granites. 

The magmatist school , represented by such auth ors as Vogt (1893), Wash­
ington ( 1916) , Suter ( 1922), Groves ( 1935), Tilley ( l936), and R aja pol an 
(1946), envisages the charnockites as igneous rocks that fo rmed through differen­
tiation of an original magma with perhaps some contamination and hybridization. 
Of these authors, Suter, Tilley, and R ajapol an have stressed the relative paucity 
of water of the magmatic phases giving rise to such rocks. Others considered the 
genetic relationship between charnockites and anorthosites. Stillwell (1918) and 
Howie ( 1955a), although adhering to the magmatic concept, postulated some 
recry tallization under plutonic metamorphism at some stage during or after initial 
crystallization. 
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In 1918, Vrendenburgh suggested that certain charnockites in south India 
resulted from the high-grade metamorphism of sedimentary and volcanic rocks. 
Since then an increasing number of authors, including Groves (1935) , Quesnel 
(1951) , and Buddington (1952), have postulated the contribution of both mag­
matic and metamorphic processes to the formation of rocks with chamockitic 
affinities . The relationship between various types of charnockitic rocks cannot 
always be explained in terms of simple isochemical metamorphism or contamina­
tion , and such authors as Schoeman ( 1951) , Pichamuthu (1953) , Subraman ian 
(1959 ), and Compton (1960) have suggested the action of such processes as 
metasomatism through wet diffusion , migrnatization, and palingencsis, in addition 
to metamorphic recrystallization. 

Ramberg (1948) attributed the west Greenland occurrences to high-grade 
metamorphism and considerable metasomatism along with some reactivation of the 
acid members. Bugge (1945) , who may be said to represent the ex tremist school 
of dry diffusionists , believed that dry diffu ion and reaction in the solid state was 
of prime importance in the formation of migmatitic rocks with charnockitic features 
in the Arendal district of Norway. 

The brief review above illustrates the wide range of opinions about the origin 
of chamockitic rocks. This, together with the different terminology used by Howie 
and Subramanian for the type area, accentu ates the uncertainty that will ex ist as 
long as the definition of terms is based on mode of origin . Were the emphasis to 
be placed on petrographical characterist ics, which would be contrary to Holland 's 
original view, less confusion would ensue. The term 'charnockite series' or 'char­
nockite uite' could well be dropped in favour of the adjective 'charnockitic' 
applied to guartz- feld par rocks that are generally dark in colour, contain ortho­
pyroxene, are characterized by greenish blue feldspar, and greyish blue quartz 
and have an even-grained granulitic texture. The term 'charnockite' (in sensu 
stricto) used for a specific type of granite, need not suffer the same fate. If 'char­
nockitic' rocks are to be classified on the basis of their petrographical charac­
teris ti cs, which are in turn a product of their environment of crystallization , one 
may properly discuss them in the light of the metamorphic facies concept. 

The Metamorphic Facies Concept Applied to Charnockitic Rocks 

Parras (1958) observed that even though a considerable part of charnockite 
research has been devoted to probing possible modes of origin, the end products 
of different processe are often similar. The overall mineralogy of the varietie of 
chamockitic rock is governed by such factors as rock pressure, water vapour pres­
sure, and bulk chemical composition during their crystalli zation . Even in the early 
papers dealing with charnockitic rocks, the probable high-temperature and depth 
environment of these assemblages was suggested and the relative scarcity of 
hydroxyl-bearing minerals was thought to indicate a dry environment. Stillwell 
(1918) related these rocks to Gruben man's katazone. Several years later Tyrrell 
(1926) po tulated that the rocks were a product either of crystallization of a 

6 



INT RODUCTION 

magma under high temperatures and pressures or of plutonie metamorphism in a 
imilar environment. 

Korjinsky ( 193 6, et seq.) assigned the charnockitic rocks of the Aidan 
Mass if to a n 'Aldan facies' and was one of the first workers to relate the mineral 
assembl ages to a spec ifi c temperature- pressure fi eld . H is estimate was based in 
part on the stability of calcium- and magnesium-bearing silicates under carbon 
dioxide pressure. Dunn ( 1942) suggested that va ri ation in water content might 
expl ain some of the differences in mineral assemblages in localities where rocks 
with a mineral assemblage characteristic of the alm andine- amphibolite facies arc 
interdigitated with rocks with a mineral assemblage assoc iated with the granulite 
facies. 

The association of non-ch arnockiti c and charnockitic minerals within the 
granulite facies has been considered by Ramberg ( 1948, et seq .), who concluded 
that the granulite facies metamorphism in west Greenland was far from isochemical. 
If these v iews are adopted, the fin al composition of a given rock will be of little 
use in determining the original nature of granulites and charnockites in general. Tt 
is possible that the composition of these high-grade rocks is controlled to a certain 
ex tent by the stability of the fields of the minerals formed. If this is so, then there 
may be certain ranges of bulk composition that wo uld be rare or even absent at 
the highest metamorphic levels. 

The possibility of setting up a special charnockiti c facies lying between the 
granulite and eclogite facies was investigated by Quesnel ( 195 1, p. 306). The 
presence in his Swedish charnockitic rocks of h ydroxyl-bearing hornblende and 
biotite was thought to point to disequilibrium among the different constituent 
minerals. It should be pointed out, however, that though Eskola ( 1952, p. 140) 
stated tha t "Amphiboles a nd micas do not belong to the gra nulite facies ' ', and did 
not li st these as typomorphic minerals, he did indica te that they we re present in 
ce rtain types of granulite, possibly in equilibrium with the other minerals, although 
they appeared to fo rm late in the paragenetic sequence. From a review of the 
literature deal ing with th e presence of hydroxyl-bea ring phases in ch arnockites, it 
appears that in some instances both biotite and hornblende may be in eq uilibrium 
with other anhydrous mafic minera l ph ases over ce rtain ranges of chemical com­
position (e.g., P arras, 1958, pp. 93- 96 and pp. J 07- 109). This question is referred 
to aga in when the hydroxyl-bearing mineral phases in the present examples are 
discussed. 

It is interesting to note what Eskola himself had to say concerning the 
charnockitic rocks th at are present in hi s granulite assembl ages from Finnish Lap­
land (Eskola, 1952, pp. 133- 17 1). There, hype rsthene-bearing gra nulites, in part 
identical with charnockitic rocks, occur as bands with more ac id gra nulites and 
calcareous granu lites that were thought to be the metamorphosed equivalents of. 
a renaceous , pelitic, and ca lcareou sedimenta ry rocks. The equivalents of the basic 
and ultrabas ic va ri eties of H olland 's charnocki te se ri es were denoted as b asic and 
ultrabasic granulites, respectively, and were thought to represent original voicanic 
or hypabyssal rocks. The equivalents of the more ac id varieties o f the cha rnockite 
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series were called hypersthene diorites and were suppo ed to represent magma­
tica lly emplaced ph ases . Though Eskola recognized the similarities involved he 
was ca reful not to attach any charnockite terminology to hi s granulites. 

The Pyroxene-Bearing Rocks of Mount Wright Map-Area 

F rom the preceding examination the writers consider the pyroxene-bearing 
rocks of the Moun t Wright area to be granulites. T hough their resemblance to 
va rious members of H olland 's charnock ite series is close, the emph asis in thi s 
paper is placed on their pos ition within the metamorphic class ifica tion. R egardless 
of the ori gin of these rocks, their present m ineral assembl age can be compared to 
that of other granulites ( termed ch arnockite or not ) that have reached equilibrium 
or nea r equilibrium under similar plutonic cond ition . 

T he granulites of the Mount Wright map-a rea have a wide ra nge of com­
position, from leucocratic ( a pl ograni tic) types wi th more th an 7 5 % Si0 2 to mafi c 
pyroxenitic types with Jess than 50 % SiO". They can be broken into three groups 
as acid, intermedi ate, and basic. In the area examined the acid and intermediate 
granulites formed the grea ter pa rt of the observed outc rop. The more acid varieties 
va ry fro m medium-gra ined rocks with granoblastic texture to coarse-gra ined or 
even pegmatitic . The coarser gra ined types have an inequigranular subidiomorphic 
(b las ti c) texture. T hese acid varieties, for convenience, are referred to generally 
a acid granulites, though in some insta nces, depend ing on their precise composi­
tion, they may be va riously referred to as grani tic granulites, granodioritic granu­
lites, or aplogranitic granulites. The granulites of an intermediate or basic com­
position are medium to fin e gra ined with either granobl as tic or nematobl astic 
tex ture where a mineral lineation is developed. 

Though vari ation in chemical composi tion produce severa l di stincti ve rock 
types, their minera logy is universall y the p roduct of crystallization at high tem­
pera ture and pressure and was controlled in pa rt by water vapour p ressure. The 
gra nul itcs of intermediate and basic composition appea r to have fo rmed th ro ugh 
the so lid state recrystalli za tion of ea rlier rocks. T he acid granulites on the other 
hand possessed some degree of mobility at the time of their fo rm ation and emplace­
ment . T hese latter are thought to be pa rtly the products of crystallization fro m a 
liquid-crystal mesh phase. Subsequent recrystallization of the acid granulites has 
produced their present metamorphic tex ture. F ield and microscopic evidence 
suggests in add ition th at a certa in amount of metasomati c segrega tion has occurred. 
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Distribution 

The pyroxene-bearing granulites of th is report occur in the northern third of 
M ount Wright map-area (Duffe ll and Roach, 1959), or the part underl ain by 
rocks of the Superior structural province of the Canad ian Shield (Fig. 2) . T he 
remainder of the area is underl a in by gneisses and schists of the Grenville province. 
Th ere is no doubt th at most of the gneisses and schists in th e Grenville are 
metamorphic equivalents o f th e rocks to the north . The contact between the 
granuli tes and the lower grade gneisses of the Grenville province is the G re nv i l l ~ 

fro nt, which here takes the fo rm of a gradational zone st ri ki ng east-northeast fro m 
Lac G ensart to L ac Virot. 

F igure 2 shows the main geo logica l fea tures of the Mou nt Wright a rea 
(afte r Du ffe l! and R oach , 1959). The northern limit of the G renville orogeny i 
m arked by the G renville front ( line AA-BB on F ig. 2). Minor fringe effects, 
which resu lted in sm all amounts of recrystallization of the gra nulite Eacies rock , 
a re still encountered several miles from the front. The pyroxene-bearing rocks of 
the Superior province de cribed in thi s repo rt a re to the north and west of the 
G renvill e fro nt. To the so uth of the fro nt these high-grade rocks alo ng with the 
overlying Kaniapiskau Supergroup rocks h ave been intensely refo lded , metamor­
phosed, and subjected to co nsiderable migmatization. T he p resent di stri butio n of 
the iro n-fo rm ation and associated qu artzite and dolomite (shown in bl ac!<: on Fig. 
2) illu stra tes the intensity of the oroge ny and ind icates two ma in fo ld directio ns: 
( 1) E-SW ; (2) W-SE (va rying N _ W-SSE). In the large downfo lded a reas 
to the southeast, the metamo rphosed ca rbonaceous shales and vo lca nic roc!<s over­
lying the iron-form ation have teen preserved. In the centre and west of the area, 
the gne isses and schists lyin cr some distance below the iro n-fo rm atio n are though t 
to be reconstituted granulite fa cies basement rocks. The gneisses and schists 
immedi ately benea th the iron-formation of sedim enta ry origin represent the basal 
beds of the Kaniapiskau Supergroup. 

In Mount Wright map-a rea the gneisses within the Grenvi lle province include 
thin bands of m arble, qu artzite, and iron-formatio n, ove rla in by graphi tic schists 
and ho rnblende gneisses th at are considered by the vrite rs to be metamorphosed 
equiva lents of rocks of the Ka ni apiskau Supergroup (F ra rey a nd Duffell , 1964) 
of the L abrado r T rough. orth of the Grenville fro nt, strata of the K ani apiskau 
Supergroup clearl y lie uncon formably on granulites and gra nitic rocks, but south 
of the front this unconfor mity has been erased . The Kaniapiskau Supergroup 
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LOCALITIES REFERRED TO IN TEXT 

1. Lac Gensart 6. Lac Cherney 11 . Tupper La ke 
2. Lac des Grosses-Roches 7. Boulder Lake 12. Mount Wright 
3. Seahorse Lake 8. Lac Virot 13. Olga Mountain 
4. Lac Sheree 9. Sudbury Lake 
5. Crown Lake 10. Bloom Lake 

FIGU RE 2. 
Main geological features 
of the Mount Wright area 
(after Duffell and Roach, 
1959). 
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rocks north of the Grenville front (Frarey, 1961 ; Fahrig, 1960) are at the green­
schist level of metamorphism, but south of the Grenville front they have been raised 
to about the kyanite- muscovite subfacies of the almandine- amphibolite facies. The 
underlying granulites on the other hand have been downgraded to the almandine­
amphibolite fac ies. Because of thi s equalization of the grade of metamorphism on 
both sides of the unconformity in the Grenville province, it is difficult to distinguish 
basement rocks from rocks of the Kaniapiskau Supergroup. Fortunately the 
marble, quartzite, and iron-form ation members, perhaps because of their mono­
mineralic character, retained their identity throughout the Grenville metamorphism. 
These strata fo rm an eas il y recognizable horizon, but unfortunately other fo rm a­
tions are not so readily recognized in their metamorph osed state. Thus it is possible 
th at, in the wide a reas of gneisses between outcrops of recognizable Kaniapiskau 
rocks, occurrences of ba ement gra nulites and their metamorphosed equivalents 
have not been recognized. 

Rocks similar to the pyroxene granulites described in this paper have been 
reported from various pa rts of the Superior provi nce northwest of the Mount 
Wright area and west of the Labrador Trough. Eade, et al. (1959) and Stevenson 
(1962) both reported the p resence of such rocks in their reconnaissa nce surveys 
north of 5 3 degrees latitude and west of the Trough. Fahrig ( 1960) reported 
imil ar granulites along the we tern margin of the Labrador geosyncline in the 

Shabogamo a rea immedi ately northeast of Mount Wright a rea. In all these 
areas the Kaniapiskau rocks of the Labrador geosyncline rest with major uncon­
fo rmity on the older gneisses. It would seem therefore that the pyroxene granulites 
fo rmed a large part of the massif around which the sediments of the Labrador 
geosyncline were deposited. The granulites of thi s mass if were most probably 
fo rmed during the Kenoran orogeny (2,500 ± JOO m. y. ago). For K- Ar ages in 
this part of the Canadian Shield see GSC Paper 64-17. 

Mode of Occurrence 

Granulites of acid and intermedi ate composition are the most common 
varieties. They alternate in layers and thin lenses to produce banded gneisses, 
which strike W-SE or NNW-SSE with the dip at low to moderate angles 
(generall y less than 35 degrees) to the north east or north-northeast (Fig. 3A) . 
The banding is a result of two di stinct relationships. T he first is smaJl-sca le 
banding, as much as several centi metres thick, wi th in the intermediate granulites 
due to variation in the ratio of felsic to mafic minerals. The second relationship 
is an alternation of laye rs, lenses, and tongues, as much as several metres thick, 
of acid and intermediate granulite resembling a migmatite, but which is better 
defi ned as a banded gneiss (Pl. I) . 

Locally a more irregular distribution of the granuli tes may be developed. 
Irregula r patches of acid granulite may be fo und within areas of intermediate 
granulites. Also the ac id granulites may vary in gra in-size from pegmatitic to 
medium grain and in their quartz- feldspar and plagioclase- microcline rat ios. The 
contact between the acid and intermediate granul ites may be sharp or transitional 
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Orientation of the banding in the granulites in the northwest corner of the Mount Wright area. 
Plots of seventy poles to banding have been plotted and contoured. The regular attitude of the 
gentle northeasterly dip of the granulites is indicated by the restricted field of the contours. 
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Plots of 100 lineations measured within the granulites. The main set of easterly plunging lineations are 
formed of minor fold axes and mineral elongation. The later generation of north·northeasterly plunging 
lineations are all of minor fold axes. Both generations of linear structures are seen to be spread along 
the plane of the granulite banding which is defined statistically by the great circle (in dashes). 
The 15 per cent contou r of Figure 3A is shown su rrounding the pole P of this great ci rcle. 
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Orientation of the foliation in the recrystallized granulites 
along the Grenville front between Lac Virot and Lac des 
Grosses-Roches. Poles to 110 foliations have been plotted 
and contoured. Linear structures are plotted as small dots. 
It is apparent from the distribution of the contours that 
the foliation generally trends ENE· WSW and dips to the 
north· northwest. This trend is parallel to the line of the 
Grenville front. The axis of folding along the Grenville 
front can be defined statistically by the pole to the girdle 
formed by the spread of the contours. This statistically 
defined fold axis fJ is seen to lie within the field of a set 
of lineations which include minor fold axes. The ENE-WSW 
structural trend appears to be governed therefore by folding 
about axes that generally plunge to the east-northeast. 
Contours at I ·2·3-5 per cent per one per cent area. 
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Orientation cf the foliation in the almandine amphibolite facies gneisses south of the Grenville front 
and north of the belt of iron-formation between Mount Wright and Mount Olga. Two hundred 
poles to foliation have been plotted and contoured. The structural trend to the south of this section 
of the Grenville front is seen to be governed by folds which trend between NW-SE and NNW·SSE. 
These folds are thought to postdate the WSW·ENE trending folds developed along the Grenville front. 
Centaurs at I ·2·3-5 per cent per one per cent area. 
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of ba nding, lineatio:i, on::I foliation in the gran~ lite s . 
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across several centimetres. Thin elvedges rich in pyroxene and biotite may separate 
the e two rock types. The patches of acid granulite commonly occur as ribbons , 
seams, and len ticular patches parallel with the larger scale banding producing a 
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PLATE I. 
Bands af coarse hypersthene granite 
(acid gronulite) ore seen alternating 
with bands of finer grained inter­
mediate and basic granulite. The 
intermediate and basic gronulites 
themselves ore banded on a smaller 
scale and contain lenses and thin 
selved ges of granitic rock. Th e photo­
graph was taken lacking at a vertical 
rock face almost parall el with the 
strike af the band ing. 

rock resembling a hybrid , but which i better defi ned as a composite gneiss (Pls. 
lI and III ). In add ition to this banding, there is in m any instances marked a lign­
ment of the longer axes of the pyroxene and plagiocla e grai ns. This lineation is 
best developed in the intermediate and basic granulites. In thin sections cut parallel 
with this lineation the texture is seen to be typica ll y nematoblastic (Figs. 7B and 
SB ); perpendicular to this the texture is typ ically parridioblastic granular (Fig. 
8A). The lineation commonly plunges in an easterl y direction at 10 to 20 degrees 
(Fig. 3A). 

Whereas the ac id and intermediate granulites a lternate to produce the larger 
scale banding, the basic gra nulites are present mainly as thin seams and lenses 
within the intermediate gra nul !tes, or as rounded or subangular inclusions within 
the acid gra nulites (Fig. 4 and Pl. I ). The thin bands of basic granulite may vary 
rap'.d ly in thickness laterally so as to show 'p:nch and swell' structures, which can 
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110133y, 

PLATE 11. Sp ecimen of composite gneiss illustra ting th e intimate manner in which th e various types of gronulite 
are associated. This intimate association of severa l phases of contrasting composition ma y b e partl y 
explain ed by some process o f metosomatic segregation, possibly accom pani ed by local melting so 
as ta produce packets al aci d magma. 
1. Coarse-groine d quartz- rich rock with minor feldspar. 
2. Me dium-grained hyp e rsth ene gra nadiorit e (acid granulite) with o ligoclase, potash feldspar , ond 

quartz. 
3. Coarse-graine d quartz- pyroxene- plagioclase granulite. 
4 . Coarse -graine d p yroxene- plogioclose granulite. 
5. Me dium-grain e d quortz- p yroxene- plagioclose granu li te. 
6 . Me dium-grain e d pyroxene- plagioclase gronulite. 
7 . Pyroxe ne-rich seams and lenses. 

be traced into a seri es of isolated lenses separated by inte rmediate or ac id granu­
lite. The acid gra nulites have a mo re uneven granoblastic or granitic texture. 

F igure 4 shows sketch es of some of the re lationshi p observed between the 
acid granulites and the intermedi ate and basic ones. All four sketches we re drawn 
look ing down the easterly plunge of the minera l linea tion. Acid granulites a re 
shown as blanks, inte rmed!ate granulites as short dashes (which a lso indicate the 
trend of the small-scale banding), and basic granulites in black . o rth is to the 
left in a ll examples. 

Figure 4A shows thin offshoots leaving thicker bands of acid granulite and 
crossi ng the laye rs of intermediate basic granulite at a highl y oblique angle . These 
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110733 
PLATE Ill. Opposite sid e of sp eci me n shown on Plate II. A marke d fe ature on both plates is th e rapid variation 

ii g roin -size across a smal l dis tance. Th e mofic p atch on th e righ t-hand sid e consists of biotit e and 
pyrox ene crystals as much as an i11ch long. Numbers repr esent sa me fad es as shown on Plat e II . 

crosscutting veins a re generally convex northwards. They may be rimmed by thin 
selvedges of pyroxene and biot ite, and , except immediately adjacent to the ve ins, 
the smaller scale banding in the intermed iate granulites is not markedly di storted. 
The cro cutting veins tend to be parallel sided and do not in general show small-
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scale plication. The veins are thought to have been emplaced at a late stage in the 
formation of the complex, when st retching of the more competent bands of granu­
lite caused cross-fractures, th at were filled with crystallizing granitic materi al. The 
convex form of these cross-veins, however, suggests that some type of differential 
movement parallel with the banding may also have been in operation. 
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FIGURE 4 . Ske tch es showing some of the re lationship s observe d be tw een th e acid granulit es and th e inter­
medi a te an d basic granu lites. See text for ex plana tion. 

Figure 4B shows com plex paratectonic injections of primary origin. The 
axes of the ptygmatic folds a re parallel with the mineral lineation. The banding 
in the intermediate granulites is only notably di sturbed adjacent to the injection 
veins, while the axial planes of the fo lded veins are nearly horizontal and parallel 
with the plane of the banding. 

F igure 4C shows alternating bands and lense of acid , intermediate, and basic 
granulite, and small-scale foldin g with ax ial planes overturned northwards. Along 
·uch zones, there has been considerable sub-horizontal shea r movement causing 
plastic flow of material and distortion of the banding during and after the fo mrntion 
and empl acement of the acid gran ulites. 
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Figure 4D shows blocks of inte rmediate and bas ic granulite suspended within 
acid granulite ( hypersthene granite). These occur in areas where the proportion 
of acid granulite is high, and resemble features produced by m agmatic stoping. 
T he banding displayed in these inclusions has a random orienta tion. This fea ture 
along wi th the magmatic stoping observed to the left, indicates that the acid granu­
lites were mobile and capable of penetrative movement at some stage during their 
fo rm ation . 

Along the northern margin of the area examined, farthest away fro m the 
G renville front, the dominant rock type is the intermediate granulite. It ca rri es 
smaller amounts of acid gra nulite in the form of thin bands and lenses parallel with 
or occasionally crosscutting the intermediate gra nulite. Complex paratectonic 
ptygmatic veins of aplogranitic ac id granulite occur, aga inst which the small-scale 
banding and fine biotite folia tion may or m ay not sweep in a concordant m anner 
(Fig. 4A and B ) . 

These aplogranitic ve ins may be present as small folds overturned to the north 
with their fold axes parallel with the mineral lincation in the interm edi ate granu­
li tes. Their vari ation in thickness fro m limb to limb and the parallelism of axes of 
the folds with the regional lineation indica tes a form governed by tectonic move­
ment (Fig. 4B). Less com monly, these veins occur as offshoots crossing a band of 
intermed iate granulite and connecting two para ll el laye rs of acid granulite. H ere, 
even though they have a to rtuo us outline, the banding within the intermedia te 
gra nulite (except immedi ately adjacent to the vei n) is undisturbed. Such highly 
folded veins crossing compara tively undisturbed banded granulites indicate a form 
of ptygmat ic injection, as proposed by Wilson (1952, p. 20), whereby the vein 
was buckled during its period of injection. Since these ptygmatic veins are similar 
in composition to the bands of acid granulites it would appear that the injection, 
movement, and crystallization of the latter took place both during and after the 
period of tress producing the domin ant lineation in the intermediate granulites. 
Further evidence of thi s relationship is given below. 

The proportion of acid granulite increases southwards until the ba nded gneisses 
contain nearly equ al proportions of ac id and intermed iate granu1ites. A further 
stage is the nearly complete enclosure within the acid granulite of discontinuous 
ba nds and lenses of the basic and in termediate granulite (Fig. 4D ). Here is 
fur ther evidence of the mob ility of the acid gran ulite at the time of its formation, 
as the banding and lineation in these inclusions i randomly oriented . As the 
continuity of the bands of intermed iate and bas ic granulite is destroyed, the acid 
granulite develops a more definite foli ation, which is oriented east-northeast, 
approx im ately parallel with the contac t zone with lower grade rocks to the sou th 
of the Grenville front (Fig. 2). 

Within the gra nulite, the gneiss ic banding is locally deformed into small folds 
that are best observed on an outcrop sur face of several feet. The axes of these folds 
a re approxinrntely para ll el with the mineral linea tion and plunge in an easterl y 
direction at a low angle (Fig. 3C). The folds vary in cross-section from gentle 
undulations to tight fl exures th at m ay be overturned to the north in a recumbent 
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ma11ner. The ptygmatic folds mentioned above commonly have their axes parallel 
with this easterly plunging fold-direction with a nearly horizontal axial plane. 
Where folding about these easterly plunging axes is intense, the banding in the 
granulites becomes vague and mineral lineation becomes more pronounced. Locally 
there is evidence of folding about axes plunging at a low angle in a north or 
north-north east d irection (Fig. 3A). Such folds are generally open and gentle, 
but where they are intense the easterly plunging folds were not observed . North­
easterl y plunging folds do not appear to be accompanied by new mineral lineation 
and a re therefore considered to represent a late phase of cross-foldin g. 

The nature of the structures previously described gives some idea of the 
conditions existing during their formation. At the high tempera tures and pressures 
und er which granulites for m a pl astic style of deform ation is possible. Para­
tectonic ptygmatic folds, 'p inch and swell' structures , and boudinage phenomena 
are products of such a pl astic style of tectonism. Some of the structures so pro­
duced compare with the fl ow folds of Wynne-Edwards (1963) . 

Even in those localities farthest away from the Grenville front, all varieties 
of granulite show some degree of alteration to a mineral assemblage more typical 
of a lower metamorphic grade. It is not always easy to distinguish , however, 
whether the later amphibole replacing the pyroxene is the result of subsequent 
metamorphism, or of normal retrograde changes, which many high-grade meta­
morphic rocks of the pyroxene granulite facies experience when uplifted to higher 
levels in the ea rth's crust. 

There is stronger evidence, however, of effects of the later Grenville meta­
morph ism as one approaches the lower grade rocks to the south. It is evident that 
an almandine- amphiboli te facies level of metamorphism has been superimposed 
on the earlier granulites. Concomitant with the mineralogical changes, there has 
been some remobilization and refolding of the acid granulites, as can be seen from 
the manner in which they develop a foliation, the trend of which changes as the 
contact zone is approached (Fig. 3B and C) . 

Superimposed on the tex tures and fabric related to the granulite facies 
metamorphism are such cataclasti c phenomena as shearing, microfracturing, and 
granulation related in part to the marginal effects of the later Grenville orogeny. 
These structu ral adjustments were accompanied by altera tion of the earli er minerals 
and crystalliza tion of new ones stable under these later conditions. Th ese relation­
ships were observed for the granulites marginal to the Grenville fro nt. Along the 
Grenville front, however, nearer the orogenic belt, the higher temperature and 
pressure conditions resulted in the formation of a completely new fa bric and 
mineral assembl age. The overall picture is, therefore, of a relatively rigid foreland 
to the north , during the Grenville orogeny, that became structurall y less rigid 
(more mobile) southwards, and was incorpora ted within the Grenville orogenic 
belt sou th of the Grenville front. The Grenville front represents, therefore, the 
transition from the rigid foreland to mobile root zone of the Grenville orogenic 
belt. This root zone was originally overl ain by the P roterozoic Labrador geosyn­
cl inal deposits, which are now recrystallized and complexly fo lded along with the 
recrystallized granulite basement. 
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DISTINGUISHING FEATURES AND 
CHARACTERISTIC MINERALS 

Distinguishing Features 

Many of the di stinguishing fea tu res of the granuli tes of the Mount Wright 
region are similar to the ones attributed to ch arnockitic rocks described from other 
countries (e.g., Holland, 1900 ; G roves, 1935; Quesnel, 1 95 1 ) . In general, the 
intermedi ate and bas ic granulites are dark grey rocks th at weather to a dull rusty 
or buff colour. Members of the acid variety and in particular the aplogranitic types 
may be leucocra tic in character. Thi is particul arl y the case near the Grenville 
fro nt where such rocks have experi enced some recrystallization and remobil ization. 
Away fro m the fro nt the acid granulites become grey, rarely da rk grey, with dull 
grey, brownish grey, or dull greenish feldspars, and dark grey or bluish grey quartz . 
It is poss ible th at the parti al recrysta lli zation and remobilization of the acid granu­
Iites, during the G renville metamorphism, has been respomible fo r the fo rmation 
of a light-coloured rock, an anomalous fea ture when compared to the normal dark 
colour of charnockitic rocks. 

Microscopicall y, the intem1edi ate and bas ic granulites have a constant even­
grained granoblastic or panidioblastic tex tu re norm al to the linea tion, and a nema­
toblastic tex ture parall el with the mineral linea tion when it i present. T he biotite 
when present in sufficient quantity for ms a rude microscopic foliation. T he acid 
granu lites, however, va ry in grain-size fro m medium to pegmatitic, and in tex tu re 
from granulitic to panidiomorphic-( blastic) and may be gneissose. In these gnei ses 
where there is an intim ate and irregular distribution of the acid and intermediate 
granuli tes, sha rp variations in composition, grain-size, and texture on both a micro-
copic and megascopic scale (Pls. II and III ) result. 

T!Jroughout the groups of rocks considered here, many of the minerals are 
remarkably constant in their microsco pic characters. The same mineral assemblage 
occurs in all types and not infreq uently all the units of the assembl age are together 
in one hand-specimen. The presence of hypersthene accompan ied by clinopyroxene 
in va riable amounts (except fo r the latter 's absence in the acid granulites), is one 
of the di stincti ve fea tures of the whole group. Biotite, hornblende, garnet, and 
iron ore constitute the remaining mafic minerals, the fe lsic components being 
quartz, potash feldspar, pl agiocl ase, and mixed fe ldspars. Accessory minerals 
include zircon, apatite, and, in one instance, spine!. 

All the minerals above have been identified as belonging to the main period 
of metamorphic recrystallization and magmatic crystall ization. Other minerals 
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present in vary ing amounts, such as actinolite, green hornblende, ep idote, talc, 
chlo rite, sphene, calcite, serpentine and anthophylli te, a re the result of la ter recrys­
tallization , mainly that produced by the Grenvi ll e metamorphism. 

Characteristic Minerals 
Quartz 

The quartz is either blue, grey, or greeni h grey. Under the microscope it 
is seen to be equigranular in the intermediate granulitcs, but markedl y uneven in 
shape and size in the acid granulites. In most of the specimens examined the quartz 
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FIGURE 5. Mineral va ria tion in th e p yroxene granul ite faci es rocks. Cumula tive diagram based on volumetr ic 
analyses. 

21 



MOU T WR IGHT MAP-AREA , QUEBEC-NEWFOUNDLA D 

corrodes and indents the mafic minera ls and plagioclase, sometimes to such an 
extent that these minera ls a re dissected into a number of smaller components. This 
relationship may be attributed in pa rt to the late formation of quartz in the para­
genetic sequence, and in part to the effects of the later superimposed Grenville 
metamorphism, during which the quartz would have been one of the first minerals 
to be reactivated in the course of deformation and rec rystallization. 

The developm ent of myrmekitc in the acid granulites indicates th at some 
quartz was set free during reaction between the potash fe ldspar and plagioclase 
and during the later conversion of calcic plagioclase into a more sodic variety with 
the change of metamorphic grade. Quartz aJso appears to have been formed when 
green biotite has replaced garnet and when pyroxene has been involved in a reaction 
with red-b rown biotite. The green biotite is related to the youngest metamorph ism, 
while the red-brown biotite is a late primary minera l of the granulite assembl age. 

Most quartz grains exhibi t a va ri able degree of undulose ex tinction varying 
fro m a slight twist to one of as much as 30 degrees. A more advanced stage of the 
effects of stra in is observed where an individu al grai n is croken into nearly parallel 
al igned planes and sheaves. Intercrys ta l granul ation, along with mineral alteration, 
becomes more important southwards towards the Grenville front. 

Plagioclase Feldspar 

This is the dominant type of feldspar, present in nearl y all va rieties of the 
granulite assemblage, often to the exclusion of a free potash-rich fe ldspar p hase. 
It is onl y in certain ac id granulites (equivalent in composition to alaskite and 
charnockite in sensu stricto) that the potash fe ldspar occurs in amounts equal to 
the plagioclase or greater than it. Within the acid granulites, the plagioclase is 
commonl y oligocl ase (A n21 .".J. In the intermedi ate granulites, pl agiocl ase ra nges 
from calcic oligoclase (A n2" ) to sodic andesine (A n,:.J. The more basic varieties 
of the group ( i.e., the ba ic granulites) carry ca lcic and esine (A n ,".,,., ), while the 
pyroxene- ri ch granulites carry calc ic labradorite and even sodic bytownite. These 
mafic rocks also carry a sodic pl agioclase, which fom1ed at a later stage. Occa­
sionally a slight va ri ation in composition was observed between the centre and 
margins of a particular gra in . Zoni ng within the plagioclase was not observed. 

The plagioclase generally pos es es antiperthitic intergrowths of potash feld­
spar, commonl y developed on such a fine scale as to be almost undetectable except 
under high magnification. This antiperthitic developm ent of the feldspars has been 
emphasized in recent years as a feature characterist ic of most rocks with char­
nockitic affi nities. 

Antiperthitic plagioclase may occur in al l the va rieti es of granulite, being 
especially characteristic of the intermediate and basic granulites where it is the 
m ai n type of feldspar present. Owing to the fine nature of the intergrowth, it is 
difficult to deduce by microscopic methods the ratio of potash feldspar intergrowth 
to the host plagiocl ase. In the more acid varieties of gra nulite the antiperthitic 
intergrowth is of a different nature. Whereas in the more basic rocks the inter­
growths occur as thin spindles commonly showing alignment parallel with the 
(0 10 ) plane, in the ac id varieties they become coarser and are spread over the 
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host feldspar in ei ther a regular o r irregular system of tongues of patchy distri­
bution. When this intergrowth is developed on a coarse scale the potash feldspar 
may be seen to possess microcline-type grid twi nning. 

The proportion of potash feldspar to plagioclase becomes approximately equal 
in some intergrowths, to form mesoperthite, a name suggested by Michot (195 1, 
p. 270) , who considered that they are formed under a high-temperature environ­
ment. Similarly, Eskola ( 1957 , p. 107), considered hair mesoperthite, a form found 
in these ew Quebec charnockites, as indicative of high temperatures. Previously, 
Eskola ( 1952, p. ]48) had described this hair type of perthite as occurring in the 
pyroxene gra nulites from Lapland. Sometimes the potash fe ldspar plates forming 
the antiperthite in the acid granulites may be in optical continui ty with a potash 
fe ldspar crystal adjacent to their plagioclase host. Cheng ( 1944, p. 141) described 
simil ar antiperthite in migmatites from Scotland, and considered that they had been 
formed by potash feld par replacing the oligoclase. 

Kohler ( 1948) considered that a ntiperthite occurs typically in feldspathized 
sch ists, hybrid gra nulites, and feldspathi zed amphibolites, where Drescher-Kaden 
( 1948, p. 77) concluded from a study of antiperthi te in injection gneiss , similar 
to that described here, that it is a result of rep lacement of plagioclase by potash 
fe ldspar. Tilley (1936, p. 315), on the other hand, considered that the develop­
ment of antiperthite in enderb ite indicates a high temperature of consolidation of 
magmas accompan ied by a low water content. Also, Tuttle (1952 , p. I 16) , 
fo ll owing the magmatist school, stated that " . .. perthite when com posed of nearly 
equal amounts of albite and microcl ine is evidence of high temperatures' ', and 
suggested a magmatic environ ment for these. 

From the discussion above, it appears that there may be more than one 
environment and process to account for the fo rm at ion of antiperth ite; high tem­
perature, however, always seems to be a constant feature in its formation. The 
nature and origin of these mixed feldspars is discussed agai n on a later page 
(p. 54). 

Potash Feldspar 

The potash feldspar var ies from mic roperthite without visible microcline-type 
quadrille twinning to microcline- perthite and microcline. The potash fe ldspar in 
the ac id granulites general ly ca rri es plagioclase intergrowths in some form. Hair 
or film microperthites are common. P atch-perthites are developed loca ll y and also 
some vein perthites. Some of these fo rm s have been described by Eskola ( J 952) 
and Subramanian (1959) from simil ar pyroxene-bearing rocks. The film micro­
perthites are developed on such a small scale in places that the intergrowth appears 
to grade into a cryptoperthitic form. This is especially so when the potash feldspar 
does not show any microcl ine-type grid twinning. 

The potash feldspar, however, generally exhibits a microcline grid twinning, 
which although well developed in places is commonly vague and indefi nite a nd 
may be visible only over parts of an individual phenocryst. In some instances only 
a shadow effect similar to strain extinction is visible. P ota h feldspar grains with 
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or without this cross-twinning may occur together in the same micro-section. 
U ntwinned crystals extinguish homogeneously as individuals, but well-twinned 
crystal may show an uneven ext inction owing to the fac t that each crystal is com­
posed of seve ral components differing slightly in their orientation. Some of these 
features a re related to the later stresses affecting these rocks. 

Orthopyroxene 

This mineral , the most distinctive in the present stud y, is present in a ll varieties 
of the granulites except possibly within some of the aplogranites. While optical 
properties indicate compositions within the hypersthene-bronzite ra nge, the pleo­
chro ic character of the orthopyroxenes is weak compared with the more strongly 
coloured orthopyroxenes from some charnockite a reas. Although the most strongly 
pleochroic orthopyroxenes are in the intermediate and acid granulites, there does 
not appear to be any direct relationship between the iron and magnes ium content 
of the o rthopyroxene and its pleochroic intensity; however, the fe rrous iron present 
may govern the p leochroic tints as suggested by H owie (1955, p. 753). Optical 
data fo r the orthopyroxenes in the several va rieties of granulite and their approxi­
mate composition ex pressed in terms of atomic percentages are shown in Table Il . 
The ap proximate compositions of the orthopyroxenes were obtained by usi ng the 
curve suggested by H ess ( l952, Fig. 2). 

TABLE II Optical Properties of the Pyroxenes 

Specimen I 
On hopyroxcnc IApp roxi- Clinopyroxene 

m ate 
co rn po- I Composition 

Number Rock Type l>Jeochro1sm I 2v 1~1~1 z-Nx ~~1 Z,cl Nx En. Fs. Wo. 
---

58.130 A cid gran ulite; X = p pi nkish red 74 1.694 1.683 .0 11 Enso 
granodioritic Z =p bl ui sh grey 

58. 138 Acid granu li~e; X = m pink ish red 78 1.690 1.678 .0 12 Eng3 
granitic Z = m blu ish grey 

58 .90 H ybrid X=p redd ish pink 60 1.7 IO 1.697 .013 En69 58 41 1.723 38: 12: 50 
granu lite Z = p blu ish grey 

58. 133 J ntermediate X =orange yel low 74 1.693 1.68 1 .0 12 Enso 59 42 32: 18: 50 
granulite Z=green ish blue 

58. 155 I ntermediate X = p o range red 63 1.705 1.693 .0 12 En71 57 40 1.720 40: 10: 50 
granulite Z = p greenish blue 

57. 17 I n1crmed iate X=p ye llow 69 1.696 1.684 .0 12 En76 58 41 1.72 1 38: 12 : 50 
granulite Z = p bluish grey 

58.154 Basic very weak 72 1.695 1.684 .0 11 
granulite 

En78 59 40 1.720 40 : 10 : 50 

58. 137 Basic very weak 70 1.696 1.685 .0 11 En74 59 39 1.7 18 42 : 8: 50 
granu lite 

58. 136 Basic 57 40 1.718 4 1: 9: 48 
granulite 

58.89 Bas ic X = v p ye llow red 62 1.7 18 1.706 .0 12 En72 58 39 1.71 5 47 : 5: 48 
granulite Z = v p blue 

58.134 Pyroxenite very weak 67 1.694 1.683 .0 11 E n74 59 42 1.725 35: 15 : 48 
granu lite 

58.153 Pyroxeni1e very weak 75 1.690 1.680 .0 10 Eng 1 57 44 1.733 27: 25: 50 
granul ite 

58.152 Pyroxcni 1e very weak 73 1.691 1.680 .0 11 En79 58 41 1.72 1 38: 12: 50 
granuli1e 

58. 154 Pyroxe:i i t.:: very weak 74 Enso 58 41 1.722 38: 12: 50 
granul ite 

p = pale, v p = very pale. 
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An anomalou inclined ex tinction of as much as 10 degrees with the cleavage 
was observed in some places. A simila r feature has been recorded by Quesnel 
(1951, p. 241) from charnockitic rocks in Sweden, by Ram a-R ao ( 1945 ) from 
similar rocks in M yso re, and by Washington (1916) from the type locality in 
Madras. 

Depending on the fabric and composition of the granulites the following grain 
shapes h ave been distinguished: ( 1) in the acid granulites the o rthopyroxenes are 
highl y irregular in outline, in pl aces skeletal and sponge-li ke, and appear to h ave 
been intensely corroded and replaced; (2) in the finer gra ined intermediate and 
basic gra nulites the orthopyroxenes are more regular in outline. When a linea tion 
is present the orthopyroxenes are elonga ted parallel with their c axes; the ortho­
pyroxenes are generally subidioblastic, xenoblastic, or nematob lastic in ou tline; 
( 3) in the m afic granulites where the gra in-size is variable, the o rthopyroxenes 
have outlines similar to those desc ribed in (1) and (2), and in addition may 
become large and poikiloblastic in respect to clinopyroxene, biotite, and plagioclase. 

Cl i nopyroxene 

Clinopyroxene, the second important dark mineral , has optical properties 
characteristic of diopsidic augite. Table II shows the optical properties of clino­
pyroxene from the several varieties of granulite . The position of these properti es 
in the tables of Hess (1948) and Winchell ( l 951 , p. 413) indicates that the 
clinopyroxenes belong to the diopside- hedenbergite series. 

In contrast with pyroxenes desc ribed from other areas of charnockitic rocks, 
no form of reaction relationship between the two forms was observed. They occur 
as separate components except in some of the mafic rocks where large poikilobl astic 
plates of one type of pyroxene may enclose several smaller pyroxenes of the other 
type. The only replacement textures noted were the coronas of green amphibole 
a nd biotite around the pyroxene, resulting from the younger Grenville metamor­
phism to the south. Both the clinopyroxene and orthopyroxene contain scattered 
schiller plates of iron o re . Clinopyroxene is present in all the granulites , but is 
more abundant than orthopyroxene only in the basic varieties. 

Amphibole 

A greenish brown hornblende is present in some basic granulites , where it 
ap pears to be restricted to bands. This hornblende tends to assume a subidioblastic 
crystal outline and is better formed than the pyroxenes, although it may also occur 
with biotite as small inclusions within the pyroxene, which sugges ts some replace­
ment by th e latter. 

Amphiboles within the pyroxene-rich granulites form a small percentage of 
the mode and appear to be later in the paragenetic sequence. H ere they occur as 
irregular and skeletal grains filling the interstices between the pyroxenes. They are 
pleochroic in faint shades of yellow a nd brown . The greenish brown and brown 
va rieties of amphibole developed during the initial formation of the granulites 
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and can be distinguished from those fo rmed during the later Grenville and retro­
grade metamorphism. These later amphiboles are considered on a later page. 

Biotite 

This mineral occurs in variable q uantities in all vari eties of the se ries, fo rming 
a much as 6% of the acid granu lites, and in the pyroxene-rich varieties as much 
as 25 % of the mode (T ables Ill, IV, and V ). 

The pleochroism is distinct in light to dark shades of red, brown, orange­
brown, a nd greyish brown. R efracti ve index and birefringence measurements give 
fai rl y constant values for biotite fl akes from the severa l va rieties of granulite. With 
t y l .635 to 1.644 and z - x about 0 .05, a com pos ition with approx im ately 
equ al amounts of iro n and magnes ium is suggested acco rding to Winchell's tables 
( 1951, p . 374). 

Another fea ture characteri stic of the biotite in additio n to its pleochro ism, is 
the p resence of la rge amo un ts o[ iron-o re grains as minute inclusions. They appea r 
as possible exso lut ion st ringe rs, wh ich may be para llel with a cleavage plane, 
crossing the biotite flakes in an irregu lar manner, or occurring as a di ffuse rim of 
small gra ins aro und the margin o[ the biotite fl akes. Very thin , almost colourle s 
needles of what ap pears to be rutil e a re also present a long direct io ns parallel with 
wha t wo uld be, if developed, (0 10) and ( 111 ) pa rtings in the biotite. That these 
are not actua l cleavage traces as first appears to be the case, is deduced fro m the 
fact that the distribut ion of the~e ve ry thin need les i patchy and not continuous 
ri ght across a basal sectio n of the biotitc. 

T he obse rved repl acement of the red-brown biotite by a greeni sh biot ite is 
possibly related to the bo rderl ine effects of the Grenville metamo rphism. 

Garnet 

Ga rnet was obse rved on ly in the ac id gran uli tes, whe re it is a relatively minor 
constitu:;nt. The mineral is genera lly irregular in shape, with numerous inclusions 
and ve rmicules of qu artz and fe ldspar. In hand spec im en the garnet is brownish 
red , whereas in thin section it is seen to be pale pin k or co lo urless. X-ray and 
refractive index measurements suggest a ga rnet containing nea rl y equal amou nts of 
pyrope and alm andine. 

A ltho ugh ga rnet was not included as an essential mi nera l in Holland 's definiti on 
of charnockite, Subrama ni an ( 1959) included it in hi s redefinition of charnockite 
in sensu stricto. Subramanian rnggested that it has been fo rmed in part from ortho­
pyroxcne during parti a l rec rystalli za tio n of the or iginal charnockite. 

A lthough other autho rs have noted the fo rm atio n of ga rnet by a breakdown 
of pyroxene with the fo rm ation of replacemen t coronas, etc., no simjlar relationship 
has been obse rved in the granulites of the Mount Wright region. lt is fe lt, however, 
that further investigation is needed o n thi s point. As the acid granulites are traced 
south wards towards the Grenvi ll e front, aggregates of quartz and green biotite 
replace the garnet. 
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The Acid Granulites 

Apart from the presence of hype rsthene and ga rnet, the rudely foliated and 
linea ted acid granulites are like norm al granitic rocks found in areas of lower grade 
metamorphism in the eroded portions of orogenic mountain belts. The main con­
stituent minerals present are quartz, potash-rich fe ldspa r, sodic pl agiocl ase, a nd 
biotite , and it is largely on the basis of variation in the proportion of these minerals 
that several varieties are distinguished (Fig. 6A- C ). 

Acid gra nulites rich in oligocl ase are the most common and h ave been termed 
granodioritic gra nulites. As they are relati vely poor in potash feldspar they a re 
somewhat similar to enderbite, a variety of charnockitic rock desc ribed by Tilley 
(1936, p. 312) , in which pl agioclase occurs to the near or complete exclusion of 
potash feldspar. Less common are the acid gra nulites in which potash feldspar is 
more abund ant th an oligoclase. These are termed gra niti c granulites and a re 
similar to the 'charnockite in sensu stricto' of Holland . Rocks carrying potash 
feldspar to the near or complete exclusion of oligoclase, and therefo re equivalent 
to Holland·s quartz- hypersthene- syenite, were not observed except in the highl y 
leucocratic rocks , which are better defi ned as apl ograniti c granulites. The a plo­
granitic gra nulites have variable proportions of sodic plagioclase, potash feldspar, 
and qua rtz . Either potash feldspar or sodic piagioclase may be the dominant 
fe ldspa r. Orthopyroxene and biotite occur in small amounts, while ga rnet is slightly 
more abundant than in the gra nodio ritic or graniti c granulites (T ab le III, co lumns 
1- 7). 

The di stribution of the various types of acid gra nulite appears irregul ar. The 
granodioritic granulites grade into the granitic granulites without any form of 
boundary o r contact separat ing them. The aplogranitic granulites appear to have 
been relatively mobile at a la te stage as they may vein and transgress the fo li ari cn 
of the other acid granulites, the small-scale banding in the intermediate granulites, 
and the general layering in the complex. In oth er insta nces, the aplogran.itic 
granulites grade into the other varieties of acid granulite. The ptygmatic veins are 
generally aplogran itic in composition , and where these can be traced laterally to 
their point of origin they are seen to grade into bands of granitic or granodioritic 
granulite (Fig. 4A). 

The acid granulites are medium to coarse in grain-size, in places becoming 
pegmatitic. Quartz, fe ldspars, and orthopyroxene range in diameter from 3 mm to 
20 mm, biotite from 2 mm to 10 mm, and ga rnets are as much as 20 mm . Tex-
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2 mm 

A. Hypersthene granodiorite(acid gra nulite)(58. l 32). 
Irregular - shaped grains of hypersthene and 
plagioclase (P) are highly corroded by quartz(Q). 
The margins of adjacent grains generall y tend to 
be interlobate. Mag. X30 . 

B . Hypersthene granod iorite (acid gra nulite)(S 7 .45 ). 
Hypersthene (H) has been involved in reaction 
with biotite(B)for several apparently separated 
but optica lly continuous biotite flakes are embed­
ded in pools of quartz just above the hypersthene. 
Mesoperthite(M),with the plagioclase intergrowth 
enclosed by the st ippled lenses) is seen to be 
replacing the larger plagioclase (P) grains. The 
numbered plagioclases ind icates those that are 
op tically continuous ie. all grains numbered 2 
once formed part of the sa me grain. Some 
myrme kite is seen at bottom right ce ntre. 
Mag. X30. 

C . Garnetiferous aplogran ite(acid granulite)(SS.130). 
Rounded and partly indented garnets (G) are 
partly enclosed amongst plagioclase grains (P) . 
Quartz (Q) is corrosive towards the plagioclase 
and less commonly the garnet. Chlorite (C) has 
formed partly at the expense of the garnet, while 
sericite (S) has formed from the plagi oc lase. The 
overal l texture is gran oblastic. Mag. X30. 

GSC 
FIGURE 6 . Hy p ersthene gronodiorite and gornetiferous oplogranite as seen in thin section. 



P ETROGRAPHY 

turaJly these rocks are ei ther xenomorphic or xenobl astic, inequigranular in aspect. 
The tendency towards an elongation of individual gra ins and gra in aggregates in 
a constant direction produces a rude linea tion, accentuated by biotite, which when 
present may be aggregated into discontinuous foliae. 

The modes of several specin1ens of acid granulite are shown in Table III. 
Quartz forms 20 to 35 per cent of the mode in the granitic and granodioritic types, 
whereas in each of these, the dominan t feldspar forms at least 50 per cent of the 
rock. There does not appear to be any definite relationship between the type and 
amount of feldspar present and the quartz content in any given acid granulite. 
While the potash feldspar-rich granulitic types generally have a higher quartz per­
centage than the granodiorites, the highest quartz content was measured in an 
aplogranitic rock with sodic plagioclase as the dominant feldspar. The overall 
picture, however, is complicated by the mixed nature of the feldspars. 

Plagioclase with a composition of oligoclase An 2 .1_28 is generally without well­
defined twinning. When present, twinning appears to be of the polysynthetic albite 
and pericline type. A common feature in some sections is the bending and dis­
appearance of these twin lamellae as they are traced across a plagioclase grain. 
Uneven extinction and occasional microfracturing of the grains was also noted . 

Antiperthitic intergrowths of potash feldspar within the plagioclase are not as 
common as in the intermediate and basic granulites. In the acid granulites, the 
potash feldspar intergrowths are rectangul ar, sub-rectangular, or more rarely 
rounded patches within the plagioclase. The intergrowths tend to be elongated 
approximately parallel with the trace of (0 10) cleavage and twin plane and have 
their shorter ends parallel with the (001) cleavage. They do not form more than 
5 per cent of the total feldspar and appear to be exsolution antiperthites of the type 
described by Sen (1959, p . 493), who ascribes them to unmixing as a result of 
slow cooling or to the effects of shearing stresses. Both processes are able to supply 
the energy necessary for the change in Si- Al ratio in the molecular structure. ln 
some instances the potash feldspar intergrowths within the oligoclase show quadrille 
microcline twinning, whereas in others they may be untwinned and ex tinguish 
evenly. 

In addition to potash feldspar intergrowths within the oligoclase, there are 
numerous minute colourless inclusions with a thin prismatic or lenticular for m and 
a random orientation. The nature of these has not been established, but it is 
assumed that they arc some fo rm of liquid or gaseous inclusion, the presence of 
which may explain the common greenish grey hue of the feldspars. The potash 
feldspar occurs as microcline, and microcline-microperthi te . The grains are more 
irregular in shape than the plagioclase and can ce interstitial to the latter . The 
perthitic intergrowths are largely of the exsolution fi lm and hair types, so fine in 
places as to be almost cryptoperthitic. The sodic pl agioclase intergrowths occur 
either as thin film s or as thin lenses, or less commonly assume an interconnecting, 
thin flame-like appearance. Because of the small size of these intergrowths, it is 
difficult to determine how much of the feldspar they form, but estim ates range 
from 5 to 25 per cent. 
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PETROGRAPHY 

In several specimens of acid granulite in which oligoclase is the main feldspar, 
a mixed feldspar composed of nearly equal amounts of plagioclase and potash 
fe ldspar is present, the latter being slightly more dominant. This mixed perthite 
is the mesoperthite mentioned on page 23 . The plagioclase of the intergrowth, 
which appears to be more sodic than the adjacent oligoclase grains, occurs in 
elongated blobs. At their boundaries the potash feldspar grains have replaced the 
major plagioclase ph ase as inclusions of the latter are seen within the mesoperthite. 
The plagioclase intergrowth , however, appears to be unrelated to the adjacent 
plagioclase grains as the latter are more calcic and altered. It appears that exso­
lution took place after cessa tion of plagiocla e replacement while tern peratures 
were falling (Fig. 6B). 

Myrmekite is developed to a greater extent in the aplogranitic th an in the 
granitic and granodioritic rocks . It occurs as lobes and irregular areas based on 
oligoclase gra ins with which it may be optically continuous, and p rojects into potash 

K ey to Table II I 

l. Garnet iferous orthopyroxene granite (acid granulite). An alysis made from severa l simil a r 
specimens collec ted in the Seaho rse Lake a rea, Mou nt Wri ght region. Ana lyst , K. Hoops, 
GSC . 

2. Orthopyroxene gra nodior ite (acid gra nulite) 58/ 138. Mode onl y. o rtheast of 5:eahorse 
Lake, Mount W right region. 

3. Orthopyroxene granodiori te (acid g ra nulite) 57 / 48. Mode o nl y. N o rth east end of Lake 
C he rn y, Mount Wright region. 

4. Orthopyroxene granodiorite (acid granulite) 57 I 8. Mode o nl y. ortheast end of Lake 
C herny, Mount Wright region. 

5. Orthopyroxene-bea ring ap logranite (ac id granulite) 58/ 13 1. M ode o nl y. Seaho rse Lake, 
M ou nt Wright region. 

6. G a rne tiferous aplogra nodi o rite (acid granu l ite) 58/ J 30. Mode onl y. Seaho rse L ake, 
Mo unt Wright region. 

7. Orthopyroxene-bea ring aploadamel lite (aci d granulite) 57/ 20. Lac Sheree, M o unt Wri ght 
regio n. 

8. C harnockite in se11 s11 st ricto . Average of five analyses from the ty~e a rea, M adras. Cal­
cul ated from tables by Subramani an ( 1959, p. 348). 

9. Ende rbite. Ave rage of six a na lyses from the type a rea. M ad ras. Ca lcu la ted from tab les 
by Subramani an (1959 . p. 348) . 

10. C ha rnockite . St. Tho mas Mount , M adras. Analyst, H . S. W . Washington ( 19 J 6, p. 325) . 
JI. Enderbite . Proclamatio n Isla nd, Ende rl y Land , Anta rctica . Tilley ( 1936, p. 134) . 
12. C ha rnockite G . 80. Between Wak i Ca mp and Bukumi Camp, Bun yo ro di strict , Uganda. 

A. W . Groves ( 1936. p. 163). 
13. C harnockite 4639 . Pa ll avara m, M adras. A na lyst. R. H owie ( 1955. p. 97) . 
14. E nderb ite 362 18. Pa ll ava ra m, M adras. Anal ys t, R. H owie ( 1955, p. 97). 
15. Garnet iferous e nde rbite. West of H asana pu ram qu a rry, south of Pa llavaram , M adras. 

Ana lyst, T. K atsun a . H owie ( 1957 , p. 572). 
16. G ranite (gneiss) adjacen t Wapassaka too Series. Six m iles west of Wabush L ake. Gill , 

Ba nne rm an, a nd Tolm an. 8111/ . C eo /. Soc. Amer. 1937, vol. 48, pp. 567-587 ( this is 
thou ght to represent partl y recrysta l I ized cha rnockite ). 

17. Fine-gra ined hypersthene gra nite (acid charnock ite) . Kotkan iem i Vihti , F inl and . Pa rras 
( 1958, p. 124). 

18. H ypersthene granite (acid cha rnockite ). Va lk in maa, ummi , F inl and . Parras ( I 958, 
p. 124) . 

I 9. H ype rst he nic acid g ranulite , No. 30. 829. N ear Mount Ca rru the rs, Musgrave R anges, 
Australi a . Wilson ( 1954, vo l. 11 , p . 335 , Table V . 3) . 

20. Ferrohypersthe ne adamellite. Spinifex Hill, Musgrave Ranges. A ustra lia. Wil son ( 1954, 
vol. 11 , p. 385, Table IV .) 
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feldspar. Plagioclase grajns of normal outl ine may be myrmekitic agai nst potash 
feldspar without penetrating the latter. Myrmekite is also present completely sur­
rounded by potash feldspar gra ins. TI1e quartz tubules can be up to fi ve times as 
long as they are thick, and are arranged normal to th e myrmekite- potash fe ldspar 
boundary. Generally the rocks richest in microcline contain the largest amount of 
myrmekite. In these, the myrm ekite may penetrate potash feldspars that contain 
numerous diversely orientated plagiocl ase inclusions with rr1yrmekitic borders. 

Qu artz commonl y has an undulo e strain ex tinction and is locally sheared into 
aggrega tes of grains in near opti cal continuity. A fur ther stage of ca taclasis is 
reached by the granulation of qu artz gra ins into a serie of stringers of still smaller 
grai ns. A marked feature of the quartz, as mentioned ea rli er, is the ex tent to which 
it may corrode or indent the feldspars and to a lesser ex tent the biotite, pyroxene, 
and ga rnet. Th is ind icates either the relatively late crystallization of qu artz during 
the fo rm ation of these rocks, or a peri od of reacti vation and recrystallizati on during 
the Grenville metamorphism. 

Pyroxene, mainly in the orthorhombic form , constitutes as much as 10 per 
cent of the granitic and granodioritic granulites, although the average mode is 
nearer 5 per cent. The aplogra nites carry Jess than 2 per cent pyroxene. In hand 
specimen the orthopyroxene occurs as a subhedral to highly irregul ar, rarely skeletal 
fo rm. The orthopyroxene was difficul t to study, however, because of subsequent 
altera tion. R esults of optical measurements from two specimens shown in Table 
II indicate a compositional range En80 to E ns:: · Their pl eochroic character va ri~s 

from pale to strong shades of X = pinkish red to Z = bluish grey. Although clino­
pyroxene was observed in a few instances, the optics could not be determined 
because of partial alteration of the mineral. 

Biotite, with Ny = 1.644 forms an average of 3.5 per cent of the granodioritic 
and granitic granulites, bu t only 0.6 per cent of the aplogranites. It is strongly 
pleochroic with X = pale green-yellow, Y = reddish brown, Z = dark redd ish 
brown, or X = pale greenish brown , Y = greenish brown, Z = greenish brown. 
It occurs as irregul ar or subhedra l pl ates , which may have ragged termin ations and 
a tendency to mould themselves onto other rruneral s. R eference has already been 
made to the inclusions of rutile needles and iron-ore gra ins th at follow potential 
(11 1) and (010) directions. 

The biotite appears to have been for med at a relat ively late date in the 
form ation of the granulites since a close inspection of its irregular form shows th at 
it fi ll s intersti ces between adjacent plagioclase and pyroxene gra ins. Thin fi ngers of 
biotite may ex tend out from the main biotite fl ake as wedges and seams between 
the adjacent pyroxene and plagioclase gra ins. The relationshi p of biotite to quartz 
and potash feldspar is more uncertain , however. The biotite is indented by the 
qu artz, which may also occupy fracture lines crossing the biotite. 

There is an interesting relationship between t iotite and potash feld spar. Where 
the latter is present in notable amounts, biotite may occur as somewhat skeletal 
grains, pa rtly or wholl y surroun jed by quartz. In such instances a reaction seems 
to have taken p lace among orthopyroxene, potash fe ldspa r, and water to prod uce 
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large skeletal biotites and qu artz. Where potash feldspar is of minor importance, 
these large skeletal biotites appea r to be for the most part in equilibrium with the 
pyroxenes. 

Garnet is present as irregular gra ins with quartz inclusions. The outline of 
the mineral may also be markedly indented by quartz, which in addition partly 
fills cross fractures in the garnet. One specimen has the following properties : 
N = l.787 ; unit cell edge A = 11.496. These values indicate a representative of 
the pyralspite series with about 4 7 per cent pyrope molecule and 53 per cent 
almandite molecule. This is substantiated by spectrographic analysis indicati ng iron 
and magnesium as major constituents with calcium and manganese as minor con­
stituents. Whereas this specimen was from a granodioritic granulite, a second 
specimen of ga rnet fro m an aplogranitic type gave properties indicating 40 per cent 
pyrope and 60 per cent almandite. 

M agnetite, hematite, or rarely pyrrhotite occurs as separate grains or as small 
aggregates in the groundmass, or in stringers made up of numerous fine gra ins 
within the bioti te, forming along th e cleavage, occurring marginally, or along irre­
gular fracture planes. In addition to the opaque minerals , rounded zircons and 
apatites are also present as constant accessory minerals . As in other charnockite 
localities, sphene was absent except in those specimens showing considerable altera­
tion due to the Grenville metamorphism. 

A chemical analysis was made from several specimens of gra nitic granulite 
having a similar mineralogy, which were collected from the Seahorse Lake area. 
In Table III (column 1) it is compared to other analyses of acid hypersthene 
granulites and rocks that come under Subramanian's te rm 'charnockite suite'. The 
average of five analyses of charnockite in sensu stricto from the type area at 
Madras (Subramanian, 1959, p. 348) was calculated and is shown in column 8. 
Comparison of the average granulite from Mount Wright with the average char­
nockite from the type area (columns l and 8, Table Ill ) shows striking similarities 
except for MgO, K 00 , and TiO". The higher MgO content of the Canadian rocks 
is explained by the presence of garnet and biotite, in addition to orthopyroxene; 
the lower K"O is reflected in the modal alkali feldspar and the lower TiO" in the 
content of iron oxide. ln all other respects the rocks can be considered identical. 

The Intermediate Granu1ites 
This group, with the acid granulites, constitutes the grea ter part of the granulite 

assemblage. There is a distinct break in composition between the intermediate 
granulites with an average modal composition of 15 per cent quartz, 55 per cent 
plagioclase, 25 per cent mafic minerals , and those of basic composition with an 
average mode of 2 per cent quartz , 43 per cent plagioclase, and 55 per cent mafic 
minerals. This compositional break is visible in the fi eld where the basic granulites 
are seen as sharply defined lenses and thin bands within the enclosing intermediate 
granulites. A certain amount of feldspathization of the basic granulites takes place, 
however, where the bands, lenses, and inclusions of these rocks are intimately 
veined and enclosed by acid granulite. 
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The relationship between the intermediate and acid granulites is, as m entioned 
ea rlier, a more intimate one. Where well-defin ed bands, lenses, and seams of the 
acid and intermediate granulite altern ate in a regular manner, a banded gneiss is 
formed. Where, however, the acid granulite is present as numerous intim ate bands, 
to ngues, lenses, and irregularly di stributed p atches within intermedi ate granulite, 
the resultant rock has the appearance of a composite gneiss. 

Thin pyroxene- a nd biotite-rich selvedges separa te the two va ri eties of granu­
lite, and even with the ac id and intermedi ate granulite re lated on such a small scale, 
their d iffe rent grain-size is distinct. H ere the acid granulites are either in sharp 
contact with the inte rmediate gra nulites o r they grade into each other across a hort 
dis tance ( Pls. II and III ). 

T he intermediate granuli tes are medium or medium-fi ne grained, 0.5 mm to 1.0 
m m in grain-size, grey when fres h, but with a brownish grey tinge when weathered . 
A slight vari ation in the proportion of felsic to mafic consti tuents may p rod uce 
small-scale banding. A Jinea tion, prod uced by the ap prox ima te parallel alignment 
of the longe r axes of the feldspar and pyroxene grains, is genera lly present, and 
the biot ite fl akes usuall y li e with their (00 l ) faces pa ra ll el with the band ing 
(Fig. 7A and 7B ). 

~------ 0.4 m m 

A . Interm ediate granulite (58. 133 .) showing the 
fla tten ing of grains parallel to th e general ba nd ing 
in the rocks. The elongated nature of the main 
co nstituent grains, especia lly tha t of the bioti tes 

(B) and hypersth enes (H ), produces a rude form 

of nematoblas tic texture . Mag. x 30. 

.__ __ _J 0.4 m m 

B. In te rmediate gran ulite (58.90) co mposed of qua rtz 
(Q) , plagioclase (P) , bi ot ite (8) , and hypersth ene (H) . 
A synanteti c in tergrowth of quartz and biotite 
( left ce ntre) occupies an indentati on with the 

hype rsthene. Al l the quartz in th is area (left centre) 
is in opt ica l co ntinuity. Mag. XIOO . 

GSC 

FIGURE 7. Intermedia te g ran uli te as seen in thin section. 

T hese granulites show a xenoblastic or subidioblas ti c equigranular texture in 
thin sections cut perpendicular to the mineral linea tion. Sections cut p arallel with 
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tl1i s linea tion show an elongation of constituent grains th at produce a nematoblastic 
texture. Modal values are given in T able lV, columns 1 to 4. Pl agioclase forming 
between 50 and 60 per cent of these rocks has a composition ranging from calcic 
oligocl ase An"" to sodic andesine An ,,.; . There is a slight va ri ation in composition 
from core to rim in some insta nces, but the main va ri ation in plagioclase compo­
sition is in grains fro m different specimens and does not come from within the 
individu al. A lbite and pericline-type twinning, although moderately or poorl y 
developed, is rarely absent. Antiperthites are more common than in the acid 
granulites. The potash feldspar intergrowtli s take the fo rm of m inute film s or 
spindles commo n! ' a ligned in the (010) plane. M ore ra rely, the intergrowths 
are larger and rectangul ar or oblong with a va ri ab le developm ent of microcline 
quadrill e-type twinning. P otash feldspar, in minor interstitial quan tities of about 
3 or 4 pe r cent of the mode, may exhi bit microclinc cross-twinning. The micro­
cl ine may ca rry fine h air- type microperthitic in tc rgrowths of sod ic plagioclase. 
Myrmek ite is not common. 

A marked fea tu re of the quartz, which constitu tes 15 per cent of the inter­
medi ate granulites, is the manner in which it indent and replaces or corrodes the 
other minerals present. This indentation reaches its maximum development where 
ind ividual plagioclase grains are d issected into smaller components still re tai ning 
their optica l continui ty . A simil ar development takes place in the acid granulites. 
As in the la tter, undulose ex tinction in the quartz and plagiocl ase along with some 
m icrofracturing a nd intercrystal granula tion ind icates a late pe riod of stress related 
in part to the Grenville metamorphism . 

Pyroxenes fo rm ing 10 to 25 per cent of the intermedi ate granuli tes are m ainly 
of the orthorhombic type, within th e bronzite- hype rsthene composi tional ra nge. 
The orthopyroxene is more stro ngly p leochro ic th an its rep resentatives in the acid 
and bas ic granulites. T ypical p leoch ro ic fo rmul ae are X = pale orange-red, Y = 
pale straw-yellow, Z = pale blue; or X = pale orange-pink, Y = greenish grey, 
Z = pale yellowish green; or X = pinkish ye ll ow, Y = yellowish green, Z = pale 
green. Some of the grains are rather skeletal, but are identified by their opti cal 
continuity . Some optica l properties of the or thopyroxene in these rocks are given 
in T able II, fro m which it appears that they lie within the hypersthene- bronzite 
compositional range Enn,,Fe,,, to E n,,;Fs" . An anomalous incl ined extinction of as 
much as l 2 degrees was noted in several orthopyroxenes. T he nature of this 
inclined ex tinction has been di scussed ea rlier. 

Clinopyroxene has a fo rm and size similar to those of the hypersthene. It 
fo rms Jess than 10 per cent of the total pyroxene content and always occurs 
separately from the hypersthene. The opti cal prope rties (T able II ) indicated 
di opsidic augite within the compositional ra nge Wo 0 .,E n, 0Fs 10 to Wo,, 0En~ 2Fs 1 , . The 
clinop yroxene is commonl y colourless , rarely pleochro ic from p alest green to 
colourless. 

Biotite witli y averaging 1. 635 is vari able in amount, fo rming from 3 to 15 
per cent of the rock, with an average of 10 per cent. As in the other members of 
the granulite assembl age, it is st rongly pleochroic from pale straw-yellow to dark 
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brown or orange-brown. The biotite fo rms anhed ral flakes singly or in aggregates. 
As in the other va ri eties, stringers of iron-ore grains a re abundant within the bioti te 
either along its cleavage, marginally, or filling irregular crossfr actures. I ron ore is 
also present as larger anhedral grains between the other minerals. Apatite and 
zircon are other minor constituents, rather small and rounded in outline. Garnet 
appea rs to be absent. 

A chemical analys is (Table IV, column 1) was made fro m several similar 
specimens of intermediate granulite, which were collected across the region. The 
modes of three of these specimens are given (Table IV, columns 2 to 4) as well as 
the approximate calcul ated chemica l composition. T he chemical composition of 
these three rocks was calcul ated from the mode and a knowledge of the approxi­
mate chemical composition of the individu al minerals ca lculated fro m their optical 
properties. 

When the chemical analysis is compared with the calculated analyses the 
similar values obtained for the va rious elements is the most notable fea ture. The 
similarity of the chemical compositions adds furth er support to the field observation 
and modal analyses, which points to granulites of an in termediate natu re being well 
distributed as a distinct rock type across the whole region. Silica and a lumina 
values appea r remarkably constant while lime magnesia and iron-oxide values total 
13.4, 14.00, 13 .74, 14.27 in each instance. Slight di fferences are apparent when 
comparing the individual amounts of MgO, FeO, Fe20~ , and Na20 . This is reflected 
partly in th e ratio of biotite to orthopyroxene. The analyzed FeO value is high 
compa red to the one in the calculated analyses, whereas the MgO value is low. 
T his may reflect an error in the optica lly calculated iron : magnesium ratios in the 
biotite or orthopyroxenes. 

The remaining columns in Table IV represent the chemical and modal analyses 
of rocks broadly intermediate in composition, which have been described from 
other terrains where high-grade pyroxene-bearing rocks are charoock itic in charac­
ter. In several of these other analyses am phibole has been observed, generally in 
lieu of biotite. Garnet appea rs to be even less common in these intermediate rocks . 
Comparison of the Mount Wright intermediate granulites with those from other 
regions (Table IV, columns 1 to 4 and 9 to 16) , reveals that the former are 
generally r icher in magnesia and poorer in lime; a simila r relationship is even more 
strongly di splayed when the Mount Wright in termediate granulites are compared 
with average figures for plutonic quartz diorite and effu sive quartz latite (T able IV, 
columns 5 and 6). 

The Basic Granulites 

Basic granulites occur either as thin lenses or rare discontinuous bands within 
the intermedi ate granulites (Fig. 4). Like the intermediate granulites they may 
also be p resent as randoml y ori ented inclusions within the acid granulites, where 
they may be cut by veins of the latter. Two distinct types of bas ic granulite are 
represented, one a medium- to fi ne-gra ined pyroxeoe- plagioclase rock, the other a 

36 



PETROGRAPHY 

coarser grained more mafic rock, rich in pyroxene, approaching a pyroxen ite in 
composi tion but invari ab ly conta ining I 0 to 20 per cent modal plagioclase. 

The longer axes of the lenses of th ese basic granulites li e parallel with the 
easterl y plunging mino r fold axes and mineral lineatio ns observed in the inter­
med iate gra nulites, where the basic granulites lie within the latter. These lenses 
may themselves possess a lineation of mineral gra ins parallel with the lineation in 
the enc los ing intermediate granulites. Where enclosed within the acid granulites, 
these inclusions may lie at random orientation to the fo li at ion of the enclosing 
rock, thus demonstrating the original mobi lity of the ac id granuli tes. 

T he two types of basic granul ite a re considered separately. 

P yroxene- Plagioclase Granulites 

These arc dark medium- to fi ne-grai ned rocks with an average grain-size of 
0.4 mm . Their texture is similar to that observed in the intermed iate gra nulites. 
Plagioclase and pyroxene are present in approx imately eq ual amounts except where 
amphibole is present (Table V , columns 1- 4) . A fi ne banded structu re is produced 
in places where the ratio of felsic to mafic components is variable. 

A lbite and pericline-type lamellar twinning may b well developed in p lag10-
clase. which form s 35 to 45 pe r cent of these rocks. A slight compositional zoning 
is present in some of the plagioclase, to the extent that there is a variat ion of 
several per cent in the anorthitc component, givi ng a margi nal composition of 
mid-andesine and an inner composi tion of sod ic labradorite. Potash fe ldspar occurs 
onl y in ve ry small amou nts in interstices between plagioclasc and pyroxene, whi le 
anti pe rthite is not common. 

Pyroxene fo rming 40 to 45 per cent of the rock occurs both as orthopyroxene 
and clinopyroxenc, the two fo rms va rying considerab ly in their re lati ve proportions; 
e ithe r form may dominate, or they may be nearly equal in qua ntity. The ortho­
pyroxene is weakly p leochroic with X = pale pink-red , Y = pale grey, Z = pale 
bluish green. Optical properties (Table II) indicate the compositional range, 
En, ~Fs"' to En, ,Fs,", established for bronzite. The p resence of an additiona l 010 
parting results in many cleavage lines that cross the partings on 11 0 and 0 I 0. 
Anomalous extinction angles on Z A c of as much as J 5 degrees were observed , as in 
the other var ieties of granuli te. 

Clinopyroxenc appears to be diopsidic augite with a compositional ra nge of 
about E n1 11Fs 11,Wo0 0 to E n.,Fs,,Wo.". I t is pleochroic from pale green to neutral. 
Twinning m ay take p lace on JOO, which when lamella r gives a di stinct 100 parting. 
Some of the clinopyroxene with this development can be described as dia ll age. 
Schlieren of iron o re may be in the clinopyroxene. lntergrowth or replacement 
relationships between the o rthopyroxene and clinopyroxene were not observed. 

Amphibole is generalJ y absent although it may form as much as 20 per cent 
of the mode in some basic granulites. It tends to develop good crystal faces agai nst 
plagioclase and to a lesse r extent against pyroxene. The pleochroism is stro ng wi th 
X = light green, Y = yellowish green, Z = brownish olive-green, Z Ac = 2 L 0 • 

The optic angle is abo ut 2V = 66 ° ± 3°, z = l.683, z- x-0.025. These 

37 



T
A

B
L

E
 I

V
 

I 
C

h
em

ic
a

l 
A

na
ly

se
s,

 C
.1

.P
.W

. 
N

o
rm

s,
 

a1
1d

 M
o

d
es

 o
f 

G
ra

n
u

lit
e 

F
ac

ie
s 

R
o

ck
s 

/1
1/

er
m

ed
ia

te
 

U
l 

0
0

 
ill

 C
o

m
p

o
si

ti
o

n
 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

II
 

12
 

13
 

14
 

15
 

16
 

A
na

ly
se

s 
S

i0
2 

62
.8

 
62

.9
3 

63
.7

1 
62

.0
8 

61
.5

9 
62

.4
3 

63
.8

5 
6

1.
8 

60
.4

5 
60

.1
2 

58
.8

5 
65

.0
6 

59
.7

7 
59

.1
7 

64
.0

 
62

.1
4 

A
b

O
, 

16
.1

 
16

.3
9 

16
.3

3 
16

.3
5 

16
.2

1 
16

.1
5 

14
.8

7 
16

.2
6 

17
.5

6 
16

.6
3 

13
.3

7 
15

.2
5 

14
.8

3 
15

.5
3 

13
.9

7 
16

.4
1 

Fe
20

" 
1.

0 
2.

21
 

I .
4 

7 
1.

06
 

2.
54

 
4

.0
4 

2.
3

2 
1.

75
 

0
.6

2 
2.

19
 

4.
58

 
3.

06
 

2.
20

 
2.

03
 

0.
96

 
1.

08
 

F
eO

 
5.

22
 

3.
82

 
3.

85
 

4.
96

 
3.

87
 

1.
20

 
5.

07
 

6.
04

 
5.

77
 

4.
79

 
7.

 78
 

3.
40

 
7.

01
 

5.
40

 
5.

69
 

3.
49

 
C

a
o

 
3.

7 
3.

68
 

3.
76

 
3.

42
 

5.
38

 
4

.2
4 

4.
48

 
4.

30
 

4.
72

 
3.

75
 

7.
1

5 
2.

88
 

4.
24

 
5.

68
 

6.
10

 
5.

84
 

M
gO

 
3.

5 
4.

31
 

4 
66

 
4.

85
 

2.
80

 
1.

74
 

3.
29

 
3.

56
 

1.
62

 
0.

82
 

2.
96

 
1.

16
 

4.
3

1 
2.

94
 

1.
30

 
3.

02
 

N
a

20
 

3.
5 

4.
79

 
4.

84
 

3.
83

 
3.

37
 

3.
34

 
3.

72
 

3.
40

 
3.

75
 

4.
73

 
2.

83
 

4.
0

1 
3.

88
 

4
. 2

2 
4

.1
4 

3.
93

 
K

20
 

1.
9 

1.
46

 
I.

 I 
I 

2.
76

 
2.

10
 

3.
75

 
1.

09
 

1.
16

 
2.

45
 

4
.2

5 
0

. 2
2 

3.
96

 
1.

39
 

3.
19

 
2.

0
1 

1.
94

 
H

20
+

 
0

.7
6 

0.
11

 
0.

14
 

0.
23

 
1.

22
 

1.
90

 
0.

11
 

0.
26

 
0.

75
 

0.
25

 
0

.7
2 

0
.0

4 
0

.0
9 

0.
11

 
0.

96
 

0.
8

4 
H

20
-

0.
65

 
0.

53
 

0.
10

 
0.

20
 

0
.2

4 
0.

14
 

0.
16

 
0.

26
 

T
i0

2 
0

.6
 

• 
• 

• 
0.

66
 

0.
85

 
0.

82
 

0.
32

 
0.

50
 

0
.9

5 
1.

06
 

0.
89

 
0.

96
 

0.
99

 
0.

10
 

0.
62

 
P2

0
s 

0
.1

 
• 

• 
• 

0.
26

 
0.

27
 

0
.0

8 
0.

08
 

0
.3

1 
0.

77
 

0.
19

 
0.

19
 

0.
23

 
0.

47
 

0.
15

 
0.

06
 

M
n

O
 

0.
1 

0.
10

 
0

.0
9 

0.
05

 
0.

07
 

0.
10

 
0.

10
 

0.
18

 
0.

09
 

0
.1

3 
0.

06
 

0.
12

 
0

.0
8 

s 
0

.5
4 

T
o

ta
l 

99
.2

8 
99

.7
0 

99
.8

7 
99

.5
4 

10
0.

10
 

10
0.

00
 

99
.7

5 
99

.6
5 

99
.1

3 
99

.3
5 

99
.9

9 
10

0
.1

9 
C

0
2

 0
.3

 
99

.9
3 

10
0.

66
 

99
.7

1 
10

0.
12

 

N
o

rm
s 

Q
tz

 
19

.6
2 

20
.9

5 
18

.2
8 

13
.8

8 
7.

26
 

20
.9

4 
18

.2
4 

6.
60

 
K

-F
el

s 
11

.1
2 

6.
67

 
7.

78
 

15
.0

1 
25

.0
2 

I.
 I 

I 
23

.3
5 

8.
15

 
18

.9
0 

A
b 

29
.7

 
31

.4
4 

28
.8

2 
3

1.
44

 
39

.8
 

23
.5

8 
34

.0
6 

32
.8

0 
35

.6
3 

A
n 

18
.3

4 
20

.5
7 

21
.3

3 
21

.7
8 

J 
1.

68
 

23
.3

5 
J 

1.
68

 
17

.6
6 

13
.9

0 
C

o
r 

1.
53

 
1.

36
 

0.
64

 
0.

49
 

D
i 

1.
36

 
1.

89
 

9
.2

5 
1.

60
 

9.
40

 
H

y 
16

.5
2 

13
.7

4 
18

.1
4 

11
.1

6 
6.

68
 

11
. 7

7 
4

.4
6 

19
.4

5 
9.

26
 

M
t 

1.
39

 
3.

25
 

2.
55

 
0.

93
 

3.
25

 
6.

 7
3 

4
.4

1 
3.

20
 

3.
02

 
il

te
 

I 
21

 
1.

52
 

0.
6

1 
2.

89
 

1.
82

 
2.

13
 

1.
67

 
1.

82
 

1.
98

 
A

p
 

0.
34

 
0.

67
 

1.
68

 
0.

43
 

0.
34

 
0.

54
 

I.
II

 
PY

 
0.

68
 

cc
 

2.
00

 

M
o

d
es

 
Q

tz
 

14
.7

 
15

. l
 

16
.0

 
14

.5
 

15
.5

 
22

.6
 

1
1.

0 
14

.7
 

17
.2

 
27

.4
 

8.
7 

5.
0 

10
.0

 
12

.7
 

K
-F

el
s 

3.
5 

4.
1 

1.
0 

8.
0 

23
.4

 
1.

5 
29

.5
 

7.
4 

26
.2

 
55

.5
 

59
.1

 
49

.0
 

P
la

g.
 

55
.6

 
6

1.
3 

61
.4

 
50

.2
 

41
.0

 
43

.5
 

26
.5

 
61

.2
 

49
.7

 
63

.0
 

67
.2

 
0

. 
Py

 
14

.6
 

9.
2 

10
.0

 
9.

6 
23

.6
 

6.
7 

12
.0

 
6.

8 
18

.0
 

4.
4 

17
.6

 
8.

3 
7.

2 
C

. 
P

y 
0.

8 
0.

6 
0.

9 
0.

9 
1.

6 
3.

2 
10

.4
 

2.
2 

6.
2 

7.
0 

8.
0 

A
 m

ph
. 

14
.3

 
3.

0 
0.

9 
I.

I 
0.

1 
Bi

 
8.

6 
7.

3 
9.

6 
15

.7
 

3.
1 

0.
1 

9.
5 

12
.7

 
lr

. 
O

x.
 

1.
8 

2.
1 

1.
0 

0.
8 

5.
4 

6.
9 

4
.2

 
8.

0 
7.

9 
4

.6
 

4.
4 

3.
3 

0.
7 

G
ar

 
5.

1 
2.

8 
A

p
+

Z
r 

0.
4 

0.
1 

0.
1 

0.
3 

0.
9 

0.
5 

1.
0 

0.
2 

1.
1 

py
=

py
ri

te
; 

cc
=

ca
lc

iu
m

 c
ar

b
o

n
a

te
. 



PETROGRAPHY 

properties indicate a variety of hornblende. The hornblende may develop lamellar 
twinning and like the clinopyroxene may contain schlieren of iron ore. The 
presence of rare small rounded inclusions of hornblende within the pyroxene sug­
gests that some of the former has been replaced by the latter. 

Biotite with Ny averaging 1.635 ± .004 occurs as poorl y for med flakes, some­
times very irregul ar in outline, and may form more than 10 per cent of the rock, 
although the average mode is slightly less than 5 per cent. The biotite is strongly 
pleochroic from pale straw to dark orange-brown and carries stringers of minu te 
iron-ore grains in the manner previously described. It appears to have formed 
slightly later than the pyroxenes in the paragenetic sequence of these gra nulites, as 
its reaction with the pyroxene has produced thin ribbons of quartz that tend to 
separate the two mafic minera ls. 

Quartz is present in min or quantities as small interstiti al grains in addition 
to its more common occurrence as a reaction product between the biotite and 
pyroxene. It for ms an average of less than 2 per cent of the rock. No garnets 
were observed . In one thin section, small grains of spine! are seen to possess a 
good octagonal fo rm and are grouped marginall y around the pyroxenes . Apati te 
and zircon are minor accessory minerals. 

The chemical compositions of two of the specim ens used in the chemical 
analysis are shown in Table V, columns 2 and 4 . (The chemical composition of 
the hornblende-bearing granuli te in column 3 was not calcul ated because of the 
complex composition of the amphitole.). The calcul ated chemical composi.ions 

Key lo Table IV 

I. Intermed iate granulite (qu artz-pyroxe ne- pl agioclase granu lite). Ana lyses made from 
specimens coll ected in Seahorse La ke area , Mount Wright regio n. An alys t, K . Hoops. 

2. Inte rmediate granulite. 58/ 133. Chemi ca l compositio n calcul ated from mode. Southeast 
of Seahorse Lake, Mount Wri ght region. 

3. Inte rmediate gra nulite, 56/ 17 . Chemica l compositi on ca lcul ated from mode. N o rth west 
of Lac Sheree, Mount Wright region. 

4. Jn termediate gra nul ite , 58/90. C he mi ca l composition ca lcul ated from mode. West of 
Crown Lake, Mount Wright region . 

5. Ave rage quartz diorite . "Igneous rocks and the depth s of the earth ." D aly, 1933 , New 
Yo rk . 

6. Average effusive qu a rtz lat ite. Op. cit. D aly, 1933. 
7. Q ua rtz-hypersthene diori te. Yercaud, Shevaroy Hill s, Madras. H . S. Washin gton, a nalyst 

(19 16, p . 328). 
8. Quartz- hypersthene dior ite. Three m iles sou thwest of Ki gorobya, Bun yoro di strict, 

Uganda (s. 19). A. W. Groves, analyst ( 1936, p. 166 ). 
9. Quartz- hypersthene d iorite. Mt. Wati , West Nile distri ct, Uga nda (s. 347). A. W . Groves, 

analyst (1935 , p. 166 ). 
10. Inte rmediate cha rnockite. Varberg, Sweden (S. G . U . Ser. Ba. No. 6, 19 10, p. 20). 
1 l . H ype rsthene-qua11Z di orite from hillock, three-qu arters mile south-south wes t of Tivuni v­

malai , Madras. Ana lyst, T. Katsura. A. P . Subra ma ni a n (1959, p. 352). 
12. Intermed iate charnock ite. Miladampar i, P alni Town, Madras. Analys t, R . A. H owie 

(1955, p . 732). 
13 . Intermedi ate rock. Shevaroy Hill s, Madras. Ana lyst, J . H . Scoon (Howie, 1955 . p. 732) . 
14. Intermed iate rock. Valegan, Poth a i, Nr. Tonk a r, Tinne ve ll y di strict. Analyst, R. A. 

H owie (1955 , p. 732). 
15: P yroxe ne-quartz diorite ( inte rmedia te charnocki te). S. W. F inl a nd . P arras (1958 , p. I 16). 
16. Diopside- quartz diorite ( inte rmediate cha rnockite). S. W. F inland. P arras ( 1958, p. l 16). 
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are seen to compare closely to the other chemical analysis in column l. The three 
sets of silica and alumina values are similar and lime, magnesia, and iron oxides 
total 29.9, 30 .7, and 29.8 in each column. Whereas biotite occurs as the major 
hydroxyl-bearing mineral in the rocks here described , an examination of the 
columns giving the modes of other basic pyroxene-bearing rocks from other regions 
indicates in these la tte r instances th at amphi bole is the main hydroxy l phase, while 
biotite is typ ica ll y absent altogether. The low K"O content is reflected in the mode, 
with minor interstiti al potash feldspar, lack of antiperthite, and low biotite per­
centages compared to the mafic a nd intermediate varieties . The no1111 indicates 
the low TiO" content. 

The analysis li es within the range of va lues given for other pyroxene- plagio­
clase gra nulites and bas ic va ri eties of charnockite series from other localities; the 

K ey to Table V 

I. Bas ic gra nulite ( pyroxene-plagioclase granulite). Analysis made from specimens co llected 
in the Crown L ake area. Mount Wri ght region . Analyst, K. Hoops. 

2 . Bas ic granulite 58/ 154. East of Seahorse Lake. M ount Wri ght region. Chem ica l composi­
ti on calcul ated from mode. 

3. Bas ic gra nulite 58/ 13 7. Southeast of Seahorse Lake, Mount Wrigh t region. 
4. Bas ic g ranulite 58/ 89 B. E as t of Crown Lake, M o unt Wri ght region. C hem ica l composi­

tion ca lcu lated from mode . 
5. P yroxe ne-rich g ra nulite . Analysis made from specimens collected in the Seahorse Lake 

a rea . Analyst , K. H oops, Mount Wri ght. 
6. Pyroxene- rich gra nuli te 58/1 53. Southeast of Seahorse L ake, M oulll Wright region. 

C hemica l co mposition ca lcul a ted fro m mode. 
7. P yroxe ne-rich gra nulite 58/ l 34 . Southeast of Seahorse Lake, M ou nt Wright regi on. 

C hemical composition calcu la ted from mode . 
8. Pyroxene- ri ch gra nulite 58/ 152. East of Crown L ake. Mount Wri ght region. C he mi ca l 

co mposi tion calcu la ted from mode. 
9 . Inte rmed iate rock (sub basic?) (G. S. I. 13.364) Salem. M adras. Analyst , J . Scoo n. 

Howie ( 1955, p. 732) . 
JO. Hype rsthene diorite o f the charnock ite se ries. Pa ll avaram, M ad ras . Anal yst, J . Scoon. 

Howie ( 1955 , p. 732). Redefi ned as a 'H ybrid ' by Subramanian ( 1959, p. 352) . 
11. Hypersthene diorite ( hybrid rock). ea r Tirusulam Vill age, Pa ll avara m, M adras. Ana lyst, 

T. K atsura, Tok yo. Subramanian ( 1951. p. 352). 
12. N o rite . Southeast side of Pa mma l Hill , Pa mma l Vill age , Madras. Analyst , Subrama ni an 

( J 959. p. 352). Subramanian includes thi s in his group of sy ntecton ic lense11. 
13. Basic gran ulite (nor ite ?). Summit of Pa rava tta Hill , Pa ll avaram, Madras. Anal yst, T. 

K a tsura. H owie and Subramanian ( 1957. p. 572) . 
14. H o rn blende no rite. St. Tho mas's Mount , Madras. H. S. W ashin gton ( 19 16, p. 328). 

Grove ( 1936 ) inc ludes it in hi s basic divis ion , while Subrama nia n redefines it as a 
'hyb rid ' of pyroxene ho rnble nde granulite veined by cha rnockite ( 1959 , p. 325). 

15. Horn blende hypers thenite (bahiaite ), Pa mma l Hill. Pall avara n, Madras . H . S . W ashin g­
ton ( 191 6, p. 328). Subramanian redefines it as belonging to the sy ntectonic pyroxenite 
and no rite lenses in the type a rea. 

16. Basic charnockite. H oga ha ll a, Traslovslage, S. W. Sweden. Analyst, N. Sahlbon. Que nel 
( 1950, p. 245). 

17. Basic garnetiferous norite. Nipea Hill , West Nil e District , Uganda. Analyst , A. W . 
Groves (1936, p. 170). 

J 8. P yroxenite . Pamma l Hill. Pallavasa, M adras. An alys t, J . Scoon. H owie ( 1955 , p. 732) . 
19. P yroxene- plagioclase gra nulite , East Frazer R a nge, Weste rn Au strali a. Wil son ( 1954, 

vol. ii , p. 34 1). 
20. Augite-anorthite- bronzite- hornblende rock. Nea r Sentinel Hill , Musgrave R anges, 

Central Australia . Wil so n (1954, vol. ii , p . 341). 
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latter have been variously ca lled hornblende norite, ho rnblende hyperstheoite, basic 
garnetiferous norite, basic charnockite, basic granul ite, hypersthe ne diorite, and 
hypersthene gabbro by different autho rs. 

P yroxene-Rich Granulites 

These rocks may contain as much as 20 per cent plagioclase and thus are 
not strictly ultrabasic in composition. H owever, they conta in such a large amount 
of pyroxene and have so much greater a variation in gra in-size th an the pyroxene­
plagioclase granulites that they are di stinct fro m them. They are dark greenish 
grey to black and possess a lustre related to the presence of la rge biotite and 
pyroxene pl ates. 

A. Basic granulite(58.89).Section cut approximately 
perpendicular to the mineral lineation to show a 
granoblastic texture , wi th the bioti tes still showing 
a parallelism (parall el to the banding). Both 
hypersthene (H) and diopsid e (D) occur with 
plagioclase (P) and quartz (Q). Biotite(B) appears 
moulded around and grown into the pyroxene. 
The apparent inclusions of plagioclase within 
pyroxene are thought to be the resu lt of th e. 
interloba te marginal relationships between th e 
two mine rals and are not true inclusi ons in the 
parage netic sense . Mag. XlOO. 

B . Basic granul ite (58.135) showing hypersth ene 
(H), plagioc lase (P), biotite (B), and quartz (Q). 
In the lower half the qua rt z occurs as regu larly 
orientated intergrowths within the bio tite. Al l 
these areas of quartz are in optical cont inuity, 
the occurrences in the bottom right showing a 
syna ntetic intergrowth. Mag. XlOO. 

GSC 
FIGURE 8. Basic granulite as seen in th in section. 

Pyroxene constitu ting an average of 60 to 65 per cent of the mode may reach 
a maximum ab undance of more than 70 per cent. Both clinopyroxene and ortho­
pyroxene are present (Fig. 9). Of these, the former is about twice as abundant as 
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the latter (Table V, columns 5- 8). The orthopyroxene is weakly pleochroic in 
shades of pale pink and pale blue. Optical properties (Table II ) indicate a com­
pos itional range En38Fs 1 ~ Wo;;o to En",Fs~" Wo00 • The pleochroism is pale green to 
colourless. The pyroxenes are relatively free from inclusions except in larger poiki­
lobla tic plates, which may enclose sma ller pyroxenes, biotite fl akes, and plagioclase 
grains . T hese are the la rge rusty porphyroblasts visible in hand specimen. 

0.4m m GSC 

FIGURE 9. 
Pyroxene-rich gro nulit e (58 . 1 34 ) as seen in 
thin section. Ma fie rock composed of hy­
persthene (H), diopside (D), plagioclose (P), 
and biotite (8). Th e biotite plates e xhibit o 
strong preferred orientation. Mag. X 1 00. 

Plagioclase averaging J 5 per ce nt of the rock has a calcic composition An 0 ,,_, 11 , 

bringing it into the ca lcic lab rado rite to sod ic bytownite compositional range. A 
few specimens conta ined calcic andesine as the main plagioclase type. Albite and 
pericline- type lamellar twinniJlg are commonly well developed , while an tiperthite 
appears to be absent. Saussuritization of the plagioclase produces a fine dark grey 
granul ar assemblage with a patchy di stribu tion, while late r recry tallization of some 
of the plagioclase has produced a more sodic variety free fro m alteration prod ucts. 

Biotite with y = 1.642 to 1 .636, and a strong pleochroism from light reddish 
yellow to deep redd ish brown, is present in flakes generall y possess ing a marked 
para ll el alignment. The flakes con tain thin stringers of minute iron-ore gra ins in 
the manner previously described . T he biotite fo rm s 15 to 25 per cent of the rocks, 
while ga rnet again appears to be absent. Apatite is a com mon minor accesso ry 
mineral for ming as much as l per cent of the mode. Iron ore both as inclusions 
within the biotite and as separa te gra ins with the grou ndm ass constitu tes as much 
as 2 per cent of the mode. 

T he chemical compositions of three of the speci mens used in the chem ical 
ana lys is of the pyroxe ne-rich oranulite shown in Table V, column 5, are inserted 
in columns 6, 7 , and 8. The most mafic of these rocks shown in columns 6 and 7 
ca rry slightly more than 6 per cent a lumina, refl ected by the low modal l l to 14 
per cent pl agiocl ase content. Even here, however, the calcu lated SiO" is still about 
50 per cent, indicating that the rock is not ultrabas ic. As with the pyroxene-
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plagioclase granulites, FeO and Fe,,O ,\ values are low, giving a low iron-ore modal 
content and a magnesium-rich orthopyroxene. Magnesia is more abundant than 
li me and orthopyroxene is greater than d iops ide in the norm (33 per cent ortho­
pyroxene aga inst 26 per cent diopside). This is not the case in the mode, however, 
where diopside is twice as abundant as orthopyroxene ( cf. diopside: orthopyroxene 
ra tio of 3: 1 in the pyroxene- plagioclase granulites). The reason for the higher 
diops ide modal va lue compared to the value of the nom1 is that some magnes ium 
is taken up in biotite. The latter is a subsilicic mineral and , si nce it constitutes 
about 20 per ce nt of the mode, accounts for the presence of olivine in the norm 
even though the SiO" is nea rly 50 per cent. The low Na,,O content is reflected by 
the lack of aJb ite in the norm and the ca lcic nature of the plagioclase in the mode. 
The relatively high orthoclase content of the norm as against its absence in the 
mode is due to the presence of biotite, which includes most of the potassium, with 
the result that potash feldspar does not occur even in an ant iperthiti c form. 
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M any of the minera ls of the granulite a, semblage show va riable degrees of 
alteration and recrystalli za tion to o ther minera ls m o re stable under a lower 
temperature- pressure environment. H one sets aside ce rta in a ltera ti ons, which 
according to Turner and Verhoogen (1951, p. 476) a re frequentl y noted in high­
grade metamo rphic rocks now exposed at the earth 's urface, the granulites of the 
Mount Wright area appear to have been affected to a va ri able degree by the later 
Grenville metamorphi sm. The effect of this late r metam orphism is one of increasing 
alteration and recry tallization of the granulites as they are traced south ward 
towards the Grenville front. The retrogressive a lte ration of h ypersthene, fo r 
example, is initiall y to se rpentine and talc , whi ch give way south wards to coronas 
of fibrous actinolite and anthophyllite and finally , at the Grenville front itself, to a 
mosaic of greenish brown biotite and ho rnblende compatible with the grade of 
metamorphism in the Gren ville province. The overa ll picture is compli cated to a 
certain ex tent a lo ng the Grenville front by the presence of severa l late r and narrow 
fault zones, the rocks within them having a distinctive texture and minera logy, 
which can be related to crystalli zation under strong shearing stress. The e cata­
clastites have a steeply plunging linea ti on, the nature of which suggests vertica l 
movement. 

Alteration of the Acid Granulites 

T he acid gra nulites appea r to have been most usceptible to later alteration 
and recrysta lli zation. Near the Grenville front ac id granulites in an adva nced state 
of alte ration were obse rved to carry inc lu sions of more basic granulites in a less 
alte red sta te. Even in those loca lities examined some distance from the Grenville 
fro nt, the acid granulites showed signs of late r recrystallization , espec iall y of the 
pyroxenes. In the ea rl y stages of a lteration of the acid granulites, corona structures 
begin to develop in the orthopyroxenes. Two corona bands ad jacent to one another 
a re usuall y present. The mineral ph ase forming the inner corona is colourless, 
has a straight extinction and low to moderate birefrin gence with refractive indices 
fro m J .60 to 1.65 . These properties suggest anthophyllite. The oute r corona is 
composed either of green biotite or pale green actinolite. These later minerals have 
a thin fibrous or prismatic form with the fibres o r prisms developed perpendicul a r 
to the corona bands (Fig. ] OA). 

Where this form of alteration is more advanced , the entire grain may be 
replaced by anthophyllite bordered by a thin oute r corona of biotite or actino lite. 
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~----' 0.4 m m 

A. Hypersthene granodiorite(acid granulite) (56.48) 
showing the early stages of recrystallization. 
Hypersthene (H) is being replaced by antho­
phyllite (A) with an outer corona of actinolite 

(Ac). The red-brown biotite (B) is still relativel y 
fresh (no recrystallization). Mag. XlOO. 

~----' 0.4 m m 

B . Altered intermediate granulite (57 .40) showing 
anthophyllite (A) re placing hypersthene with a 
thin corona of actinolite(Ac).The partly enclosed 
biotite(B) flake is rimmed by a reaction product 

of iron-ore grains. Mag. X300 . 

GSC 

FIGURE l 0 . Hypersthene granodiorite and intermedia te granulite, as seen in thin section. 

At the same time the material formjng the outer corona may be seen to spread out 
in the fotm of thin irregular bands and veins along the boundaries of the feldspar 
and quartz grains surrounding the altered pyroxene (Fig. JOB). T he outer corona 
is seen to be compo ed of green biotite when the adjacent mineral is potash fe ld­
spar. The formation of this outer biotite corona has entailed replacement of the 
potash feldspar to a certain extent; evidence of this is seen in the manner in which 
the biotite flakes grow into the potash feldspar. When plagiocla e li es adjacent 
to the altered pyroxene, the outer corona consists of act inolite interleaved with 
rare biotite. Rarely cummingtonite appears in the inner corona in place of antho­
phyllite. According to Hietanen ( 194 7), who has recorded similar a lterat ions in 
pyroxene-bearing metamorphic rocks in southwest Finland, these reactions may be 
expressed as: 

7 orthopyroxene + water -+-

7 (Mg Fe) SiO,i + H "O --+-

anthophy llite (cu mmingtonite) 

(Mg Fe) ,(OH L(Si. 0 11 L 
and 6 orthopyroxene = 2 microcline + 2 water --+- biotite + 6 quartz 

6(Mg Fe) SiO , + 2KAl Si::O, + 2 H"O -+-

K"(Fe Mg) "(OH ) ,( Si"Alp", ) + 6Si02 

Where the degree of alteration of the pyroxene is small , a pale green 
erpentine-like mineral is observed along the planes of weakness in the pyroxene. 

This minera l, which consists of fine fibres, has the characteristics of antigorite. 
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T he alte ration may be expressed as: 

3 orthopyroxene + 4 water ___,._ antigo rite + 5 qu artz + m agnetite 

3 (F e0.2Mg0 .3SiOJ + 4H"O + 0 ___,._ 

2 (2H "0 .3Mg0.2SiOJ + 5 Si0 ~ + F eO.Fe"O" 

T he a ntigo rite appea rs to antedate the develo pment o f anthophyllite and biotite 
coronas, as seams of the la tte r may enclose o r cross the fo rmer. Jn a ll these alte r­
a tions iro n ore may have been fo rmed as small grains, often in aggregates between 
the other alteratio n products. 

The breakdown o f diopsidic augite was obse rved in onl y a few instances, as 
the minera l is of mino r importance in these acid rocks. T he diopside shows 
re placement by actino lite, with the latte r often bounded by a thin green biotite 
corona. The actino lite itself may fo rm a11 inner corona of radia ting fibrous p ri sms, 
o r may appea r as bette r defined prisms repl ac ing the bul k of the clinopyroxene. 
Where the acid granulite is very rich in potash feldspar the clinopyroxene appea rs 
to be alte red instead to an aggregate of bio tite, quartz, and ca lcite grains (Fig. 11 A). 

Thin coronas of greeni sh brown biotite a lso surround some of the o rigin al 
red-b row n bi otite in the ea rl y stages o f rec rystalli zation. T he latte r bi otite develo ps 
as thin fl akes perpendicul ar to the margins of the o lder biotite. Where the red­
brown biotite lies adj acent to pyroxene the sa me greenish brown biotite is seen 
replacing both mineral s. The fo rm atio n of thi s late r biotite was accompanied by 
the for matio n of a small amo unt of iro n o re. In addition, the iron-o re stringe rs 
characteri tic o f the ea rlie r biotite are now di stributed in a mo re haph aza rd manner 
and are accompanied by small amounts of sphene. Very thin coronas of greenish 
b rown biotite may also develop a round the la rge r iron-o re grain s. 

Along with rec rysta lli za ti on of the m afic minerals, the feldspa rs have under­
gone adjustment to la te r conditions. The development of small se ri cite fl akes with 
va1i able amounts o f fine granula r ca lc-s ili ca te mineral o f the clinozoisite type is 
characte ri stic within the oligoc lase. These alte ration produ cts may be so common 
that the mine ral has a dark cloud y appea rance. The potash fe ldspa r, however, 
remains comparati vely fresh in thi s ea rl y stage, except for the presence o f la ter 
mineral s a long well-develo ped cleavage and fracture pl anes. T hese later minera ls 
may be o f several types and a ll a re cha racte ri zed by a small grain-size. Where the 
potash feldspar li es adj acent to mafi c minera ls, the minera ls repl acing the la tter 
(green biotite and actinolite) may partl y occupy the zones of weak ness in the 
potas h fe ldspar. El sewhere these zones of wea kness a re occupied by se ricite, 
granul ar iron ore, o r calcite. The se ricite can be accounted fo r by altera tion o f the 
fe ld spar a long these zones, but the pre ence of iron ore could be d ue either to a 
ce rtain amount of iron having been ori ginall y incorporated in the feldspar and 
la te r exsolved , or to its having been precipita ted by iron-bearing so lutions. The 
p resence o f iron ore has the effect of producing a se ries of black a nd reddi sh brown 
spots across the potash feldspar under plane-polarized light. 

The degree o f alte ration increases rapidly as the Grenvill e front is approached 
fro m the no rth. This is particul a rl y true where the banding in the gra nulite becomes 
mo re di scontinuou s; the acid component becomes mo re common and at the same 
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time develops a foli a tio n th at has an east-northeast trend . From the cross- ection 
(Fig. 14 ), it is seen that the Grenvill e front in the L ake Gensart a rea is about 4 
miles wide at its maximum . Elsewhere it is considerabl y narrower. 

Thin sections of acid granulites from alo ng the no rthern m argins of the front 
show an increase in the amount of the greenish brown bi otite at the expense of the 
earli er mafic minerals and , to a certain ex tent, of the feldspar. This increase in the 
percentage of biotite i responsible fo r the development of a coarse foliation in 
the e rocks. 1l1e plagjoclase now show various stages of recrystalli zation to a 
cleare r sodic o ligocl ase form. This process beg ins margin a ll y, the picture at this 
stage being one of cloudy plagioclase with a ma rginal halo free from sericite and 
clinozois ite. At the same time the colourless mica assoc iated with the plagioclase 
and potash feld par becomes large r, fo rming well-developed fl akes of muscovite. 

Along with the formation of muscovite the potash feldspar graduall y develops 
a microcline cross-hatch twinrung, which at first is patchy and vague. The cros -
hatch twinning m ay develop margin all y at fir t , sometimes around the whole rim 
of a grain. It also show preferential development adjacent to inclusions and frac­
ture lines cross ing the feldspar. With the development of a microcline triclinity the 
perthitic intergrowths in the potash fe ldspar become slightl y coarser and lenticular. 

In ome instances a greenish brown ho rnblende has developed from actin ol ite 
when the latte r replaces clinopyroxene. Generally, however, the onl y calc ium­
bearing dark minerals a re ep idote and sphene , both of which may occu r in close 
assoc iation with the greenish b rown biotite. 

The developments above take place in the zone where the original acid granu­
lites appea r to have been partl y mobilized by the Grenville metamorphi sm. Evi­
dence of thi s is seen in the for mation of a new foliation with an east-northeast 
trend, the recrystalli za tion of m any of the minera l , the loss of the dark colour 
typical of the acid charnockitic granulites, and the fo rm ati on of quartz vei ns and 
pink aplitic bands. Evidence of intercrystal gra nulation with concomitant recrystal­
lization is seen in the development of randomly ori entated small ubhedral or 
rounded gra ins of microcline, qu artz, and fre h sod ic plagioclase along the boun­
daries between la rger feldspar grains, and across fracture zones within the larger 
potash feldspars. 

Along the southe rn margin s of the Grenville front , the acid granulites have 
been converted into biotite granitic or granodioritic gneisses ca rrying vari able 
amo unts of muscovite, hornblende, and epidote (Table VT, columns 1- 4) . Aplo­
granitic bands and veins a re also present. R arely, stringe rs of iron ore within 
greenish brown biotite still retain a form characteristic of that in the biotites of 
the granulites, but these rocks are now more characteristic of the almandine­
am phibolite or al bite- ep idote amphibolite fac ies. They are in fact more typical of 
certa in biotite-bearing granitic gneisses underl ying the iron-form ation we ll to the 
ou th of the Grenville front. 

Alteration of the Tntermediate Granu1ites 

The early stages of alteration of the pyroxe nes and plagioclase of the inter­
mediate granulites are similar to those described for the acid granulites. Antho-
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phyllite forms an inner reaction corona in the case of orthopyroxene, whereas with 
the diopsidic augite this position is taken up by green actinolite (Fig. J 1 B) . Both 
of these later minerals replace the pyroxenes from the margin inwards, generally 
a long fracture and cleavage planes. The outer corona may be formed either of 
biotite or actino lite. Where actinolite or anthophyllite replace the pyroxene com­
pletely their thin prismatic form lies parallel with the c axis of elongation of the 
original pyroxene. Alteration of the plagioclase appears variable and patchy with 
seric ite and granul ar clinozoisites as the alterat ion products. Thin coronas of green­
brown biotite develop at the same time around the o ri ginal red-brown biotite and 
iron-ore gra ins (Fig. JOB). 

~--~ 0.4 mm 

A . Granodiorite . Partly recrysta llized (58.147) with 
diopside complete ly replaced by aggregate of 
calcite(C)grains, green-brown biotite(B) flakes 
with interstitial quartz (Q) . The large red-brown 
biotite flakes are altering to a more greenish 
biotite along their margins. The microline (M) 
is highly corroded by the quartz. Mag. XlOO. 

~--~ 0.4mm 

B. Altered basic granulite (58. 155) showing an 
advanced stage of replacement of hypersthene 
(H) by anthophylli te (A) , while the diopside 
(D) at this stage has only a thin corona of 
actinolite (Ac). Mag. XlOO . 

GSC 
FIGURE 11. Gronodiorit e and basic gronulite, os seen in thin section. 

These alteration products appear to be somewhat later in for mation th an a 
golden ye llowish minera l which characteristically appea rs as thin films and veins 
that traverse along intercrystal boundaries in the feldspars , and along cleavage and 
fracture planes in the pyroxenes. This yellow mjneral is li ghtly pleochroic, has a 
refractive index between that of the andesi ne and pyroxene, and possesses a low 
to moderate birefringence. It appears to be fibrous in structu re, but the veins are so 
thin that identification is difficult. These characte ri stics , however, suggest chry otile. 
This ye llow mineral is also common and has a similar habit in the acid a nd basic 
granu lites. It is thought to antedate the anthophyl lite, actinolite, and green biotite 
ince coronas of these latter minera ls may enclose and transgre s the yellowish 

chrysotile. 
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With the breaking up of the granulite banding along the Grenville front, the 
intem1ediate granulites become inclusions and di scontinu ous bands within the now 
highly altered and foliated acid granulite. Thin sections of these inclusion show 
the complete or almost complete a lteration of the pyroxenes. The amphibole repl ac­
ing the pyroxene appears to be recrystallizing from the orthorhombic anthophyllite 
variety and pale greenish actinolite into a more massive greenish va ri ety of horn­
blende, forming aggregates of grains in nea r optical continuity. This hornblende 
has a pleochroic for mul a X = pale yellow-green, Y = light green, Z = pale bluish 
green, with Z 11 c = 2 1°. These opticall y a ligned aggregates merge in turn into still 
more mass ive slightly poikiloblastic grains, which a re a deeper brownish green. 

Along with the changes above the plagiocl ase, sodic oligoclase in compo ition , 
becomes less cloudy. This is due to the disappearance of seri cite and the growth of 
mall grains of calc-s ilica te into la rger better-defined prisms of clinozoisite within 

the oligoclase. At the same time the original red-brown biotite has been completely 
altered to a medium greenish brown variety. G ra ins of iron ore tend to be rimmed 
in some instances by thin coronas of sphene. E pidote occurs marginall y to the 
biotite and hornblende where these li e adj acent to plagioclase, which suggests some 
fo rm of reaction relationship. 

Ju st south of Crown Lake a long the Grenville front, inclusions of a rock type 
best described as a biotite- homblende- plagioclase schist are present within acid 
gneisses ca rrying biotite and muscovite. T he latter are thought to be completely 
recrystalli zed acid granulites while the fo rmer inclusions have a mineralogy simil ar 
to those just previously described . H ere, however, recrystallization is still more 
advanced. The amphibole is mass ive, irregul ar in outline and typically poikilo­
blastic with unb roken outer margins and centres riddled with irregular or ro unded 
inclusions of qu artz, plagioclase , and less commonly biotite. The pleochroic 
formula is again X = pale green, Y = medium olive-green, Z = dark 
bluish green, Z 11 c = 21 °. The p lagioclase ca rries clinozoisite inclusions, and the 
biotite, which is light to medium greenish brown , ca rries inclusions of iro n ore 
ri mmed by sphene. T he latter minera l along with epidote now fo rms larger gra ins 
(Table VI , column 6) . 

Alteration of the Basic Granulites 

T he altera tions that the pyroxene- plagioclase basic granulites experience are 
similar to those that affect the intermediate granulites. The main difference is 
refl ected in the development of a higher pro portion of amphibole in the pyroxene­
plagiocl ase rocks, which are conve rted to biotite-bea ring amphibolites or horn­
blende schi sts (Table VI, co lumn 5) . For a given locality away from the Grenville 
front, or along it, the degree of altera tion appea rs to be greater when the pyroxene­
plagioclase granuli tes occur as inclusions within the acid granulites rather than as 
lenses or thick bands within a thicker mass of intermediate granulite. Modal 
analyses from three bi otite amphibolite pecimens indica te 35 to 45 per cent plagio­
clase, 4 to 5 per cent quartz, 25 to 35 per cent hornblende, and 10 to 15 per cent 
biotite. T he breakdown of pyroxene and iron- rich biotite to fo rm amphibole could 
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accoun t for the higher proportion of quartz compared to the less altered pyroxene­
plagioclase granulites. Replacement of some of the plagioclase to provide al umin a 
for the amphibole is sugges ted from the lower plagioclase content compared to the 
less altered pyroxene- plagioclase granulites. 

TABLE VI Modal Analyses of Gneisses and R elated Inclusions along the Grenville Front 

Quartz 
K Feldspar 
Plagioclase 
Or. Pyroxene ................ 

Cl. Pyroxene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Amphibole 
Biotite 
Iron Ore 
Zircon 
Apatite . . . . . . . . . . . . . . . . . . . . . . . . . 
Sphene 
Garnet 
Muscovi te 
Epidote 

' A lteri ng to amphibole and biotite. 

29.0 
46.0 
13.0 

l l.O 
0.5 
p 
p 
p 

p 
p 

2 

29.0 
14.0 
40 .0 

4.0' 

p 
12.0 

0.6 
p 
0.3 
p 
p 
p 
p 

3 

17 .6 
19.0 
52.0 

10.5 
0.4 
p 
0.4 
p 
p 
p 
p 

K ey to T able V I 

1. Biotite granite gneiss. Sou th side, Crown Lake. 
2. Biotite granodiorite. Sou th side, Crown Lake. 
3. Bioti te granod iori te gneiss. West side, Crown Lake. 
4. Bioti te granodi ori te gneiss. Lac des G rosses-Roches . 

4 

20.0 
7 .0 

52 .0 

6.0' 

p 
14.0 

0.5 
p 
p 
p 

p 
p 

5. Biotite- horn blende- pl agioclase sch ist. South side, C rown Lake. 

5 6 

6.0 13 .6 
p p 

49.0 43.4 

27 .0 17.0 
14.0 25.0 
0.8 0.8 
p p 
0.8 0.4 
1.0 p 

p p 

6. Qua rtz-horn blende-b iotite-plagioclase schist. South end of Lac des Grosses-Roches. 
7. Qua rtz-biotite- plagioclase schi st. Sou th end of Lac des Grosses-Roches. 

7 

21.0 
p 

45.0 

33 .0 
p 
p 
0.4 
0.6 

p 

In the advanced stages of recrystalli za tion, the pyroxene-ri ch va ri eties of basic 
granul ites are affected in a similar manner to the pyroxene- plagioclase types, with 
their characteristic development of browni sh green poikiloblastic and massive 
hornblende at the expense of the orthopyroxenes, cl inopyroxenes, and some of the 
calcic plagioclase. When completely recrystallized they are difficult to distinguish 
from the pyroxene- plagiocl ase granulites. 

In the early stages of alteration the clinopyroxene is altered margin ally and 
along fracture and cleavage pl anes to a very pale green amphibole with a th in pris­
matic or fibrous form. This amphibole with Z /\ c about ] 5 ° appea rs to be a variety 
of actinolite. The orthopyroxene, however, appea rs to be altered anthoph yllite. In 
some specimens the formation of fibro us amphibole appears to postdate an earlier 
phase of alteration whereby the pyroxenes were partl y altered to talc. The talc 
occurs as aggrega tes of small fibrous or platy grains that for m thin zones of alter­
ation across the pyroxenes. These talc zones cross each other in such a manner that 
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the pyroxene is separated into smaller units, which still retain their original optical 
continuity. The amphiboles appear to be growi ng into these zones of talc and 
are therefore thought to postdate the latter. 

The pale green actinolite may be a margina l zone around an amphibole that 
varies in pleochroic colour from medium orange to pale orange or colourless. This 
inner coloured amphibole with Z /\ c = J 9 ° may be a form of hornblende with a 
higher iron content than the actinolite. Along with the alteration of the pyroxenes, 
the plagioclase takes on a cloudy aspect due to the development within it of small 
prisms of clinozoisite. The red-brown biotite appears corroded and may be bounded 
by small grain s of iron ore. The original red-brown biotite becomes paler brown in 
the altered pyroxenites, although at the same time it becomes cloudy owing to an 
increased amount of included iron-ore grains. It appears that more iron ore has 
been exsolved out of the red-brown biotite under these later conditions. 

Conclusions 
T he nature of the alterations described above is such that the granulites show 

several stages of recrystallization to a mineral assemblage typical of lower meta­
morphic grade. The change in metamorphic grade is therefore retrogressive, 
although the final difference in grade is not very great when recrystallization is 
complete. Clearly the lowest grade of metamorphic recrystallization is character­
ized by the development of serpentine and talc, which in turn is followed by the 
development of fibrous acti nolite and prismatic anthophyllite. Therefore, although 
the metamorphism is initially retrograde, its grade does appear to increase south­
wards across the Grenville front. The appearance of hornblende and the develop­
ment of variable quantities of oli goclase, andesine, epidote, and brown-green biotite 
indicate that the metamorphic grade is within the albite- epidote amphi bolite or 
almandine- amphibolite facies range, and is therefore simil ar to the grade of the 
rocks to the south of the Grenville front. 

With the mobili zation of the altered acid granuli te along the Grenville front 
a certain amount of metasomatic alterat ion of the more basic gra nulites may have 
taken place, but more work is needed to be done on this point before any definite 
statement can be made. It ca n be established, however, that veins and tongues of 
aplogranitic rock crosscut and permeate biotite- hornblende-bearing schists and 
gneisses to a noticeable degree. 

The development of anthophyllite appears to be temporary, as it develops 
either in rocks th at carry excess potash in the form of potash feldspar, or in rocks 
that during their recrystallization release enough potash to lead to the eventual 
disappearance of anthophyllite. The anthophyllite develops at an ea rl y stage from 
the alteration of magnesiu m-rich orthopyroxene. The rocks with anthophyllite may 
even carry potash feldspar in considerable quantities , and in this instance the 
anthophyllite is saved from immediate destruction by the development of the outer 
corona of green biotite formed by reaction between the anthophyllite and potash 
feldspar or antiperthite. With continued recrystallization , however, the anthophyl­
lite is completely made over to greenish brown biotite, while at the same time the 
actinolite is changing into more massive amphibole. 
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No attempt has been made to map zones of metamorphism across the Gren­
ville front , for , in addition to the large scale of the a rea mapped and a limiting time 
facto r, the overa ll relat ionships have been made more complex by the develop­
ment of dislocation zones along the front. These di slocation zones appear to have 
caused a still later mineralogy to be impressed on the rocks adjacent to them. The 
typical rocks associated with these di sloca tion zones are ca lcite- chlorite- sericite­
bearing schists and phyllonites with a steeply plunging lineation, numerous quartz 
veins, and a crinkled schi stosity along their strike. 
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r ntroduction 
As the northern and western limits of the granulites were not ob erved where 

junctions with older rocks may be present , opinions presented here regarding origin 
and mode of fo rm ation must remain inconclusive . Along their sou thern boundary 
the granulites become recrystallized to an assemblage of gneisses of lower meta­
morphic grade, which is related to the Grenvill e orogeny. The metamorphic zone 
separating the no rmal granulites from those recrystallized into the lower grade 
gneisse is believed to be part of the so-call ed Grenville front , which even in this 
area is marked by some dislocation . This dislocation , although complicating the 
relationships, does not destroy the evidence that the fro nt is essenti ally a meta­
morphic one, marked by progressive southward recrysta lli zation of the granulites. 

Opinions quoted here o n petrogenesis are derived from data collected well 
within the granulite terrain and away from its northern and western boundaries. 
Such opinions must therefore be treated with some reserve since future work at 
these boundaries may produce alternative evidence. A considera tion of the petro­
genesi of these rocks is best approached through an examinatio n of several sepa­
rate but related aspects. 

Nature of the Feldspars 
The nature of the feldspa rs leads to some speculation in rega rd to the condi­

tions present during the crysta lli za tion of the granulites. The potash feldspar was 
generall y observed to be perthitic in nature, the most common intergrowth being 
the hai r-type, while fl ame-type perthites were less noticeable. These two types of 
perthitic intergrowth are believed to have formed through exsolution from a homo­
geneous high-temperature alkali fe ldspar. According to Eskola ( I 952, p. 166), the 
flame perthites a re more characteristic of the alm andi ne- amphibolite fac ies, whereas 
the hai r perthites a re mo re typical of alkali feldspa r crystalli zed under the pyroxene 
granulite facies. Both of these, however, are di stinguishable from the vein and 
patch-type replacement perthites of Alling (1938), which are found in the partly 
recrystal lized granulites and tentatively related to the later Grenvill e metamorphi sm. 

The pre ence of exsolution perthites is thought to be indicative of high tem­
peratures according to R ambe rg ( J 952, p. 161). Fyfe, Turner, and Verhoogen 
(1959, pp. 159- 16 J) suggested a tempera ture of mo re th an 500°C if perthites are 
p revalent and noted th at they are the main form in which potash feld par occu rs 
under conditions of the granulite facies. 

54 



PETROG ENES IS OF T HE GRANUL!TES 

Tuttle and Bowen (1958 , p. 1) have published results o f their experiments on 
phase-equilibrium relations in the system albite- o rthoclase- silica- water. T hey 
found th at alkali feldspar fo rms a complete series of solid-solutions above 660 °C 
and th a t below this temperature a miscibility gap is present. Homogeneous synthetic 
feldspars that were formed above 660 °C unmixed when held at lower tempera tures. 
They stated th at " .. . unmixing of alkali feldspar in the presence of water vapour 
was so rapid that it is surpri sing that fine perthitic intergrowths and homogeneous 
feldspars a re found in nature - they must have fo rmed in a dry environment." 

In the present example, it will be shown that the mineral assemblage of the 
granulites appears to lie within the lower ranges of the granulite fac ies. In pa1iicu­
lar, the acid granulites a re thought to have formed at a relatively late stage since 
they enclose and vein ra ndomly ori entated bodies of mo re basic gra nulite. Their 
period of crystalli zat ion m ay therefore have bridged the temperature ra nges between 
the higher levels of the almandine- amphibolite fac ies and the lower levels of the 
granulite facies. Such a relationship m ay account fo r the occas ional development of 
the coa rser flame perthite in the acid granulites. 

The effect of stress upon gran itic rocks has also been cited by Chayes (1952, 
p. 213) as leading to the development of coa rse r perthites from fine perthites and 
cryptope rthites, in addition to causing the granulation of quartz. A mo re complete 
dissociation was suggested by Buddingto n (1939, p. 329) with the formation under 
stress of albite or oligocla e and microcline at the expense of perthitic feldspars . 

In addition to the development of coarser perthites, the degree of triclinity and 
microclinization of the potash feldspar away fro m the cryptoperthitic and fine hair 
perthitic o rthoclase fo rm gives some insight into the hi story of the ac id granulites. 
Both stress and tempera ture variations acting individually or together as in regional 
metamorphism are known to cause the fo rmation of microcline from orthoclase. 

The potash feldspar in the relatively unal te red intermedia te granulites does 
not show any quadrill e-type twinning; a imil ar relationship holds a lso for the least 
altered acid gra nulites, although here some potash feldspar m ay show a vague 
shadowy extinction , suggesting some degree of triclinity. With increas ing alteration 
of the pyroxene, biotite, and plagioclase, the microcline m ost frequently makes its 
ini tial appeara nce as a patch y development of typical quadrille twinning. genera ll y 
a t the rim of a particular gra in or, less frequently , in an irregul ar manner nea r it 
centre. In the former instance it m ay surround the grai n or, mo re commonl y, extend 
partly aro und it. The quadrill e twinning has also been observed to develop locall y 
about rounded inclusio ns of qu artz o r plagioclase and also adj acent to cross­
fractures in the potash feldspar. The coarseness of the twinning is va riable, being 
so fine in pl aces as to appear as a shadowy ex tinction, whereas in other places it 
is so coarse that it can be mistaken a t first for some fo rm of perthitic intergrowth . 

The development of microcline-type twinning over some parts of a gra ir.. 
and its absence over o ther parts would suggest th at both monoclinic orthoclase and 
triclinic microcline m ay be developed not onl y in the ame rock but within the same 
grain . Such an association of orthoclase and microcline has been noted by Eskola 
(1952, p. 148), Harker (1954, p. 130) , and Goldsmith and L aves ( l 954b, p. 110). 
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However, the absence of characteristic quadrille twinning does not preclude micro­
cline, since the twinning might occur on a submicroscopic scale . Likewise the 
presence of quadrille twinning does not indicate the degree of triclinity. Howie 
( 1955, p. 746), fo r exa mpl e, in an X-ray analysis of the position and separation of 
the (130) and (130) reflection in six potash feldspars showing shadowy ex tinction 
has demonstrated that one was orthoclase (2V=52 °- 60 °), two others had micro­
cline cha racteristi cs (2V = 84 °- 86 °), and the remaining three had characteristics 
ind icating an intermediate phase (2V = 60 °- 80 °). 

The fact that intermediate phases with or without sub-microscopic twinning 
may exist between the monoclinic symmetry of orthoclase and the triclinic sym­
metry of microcline signifies that care mu st be taken before potash feldspars can 
defi nitely be called o rthoclase or microcline. In the present case 2V measurements 
consistently gave values of 78 ° to 86 °, indicating that even in the apparent micro­
scopicall y untwinned specimens a high degree of triclinity typical of m.icrocline 
appea rs to be the rule. The typical potash-rich feldspar of the ac id granulites is 
therefore microcline characterized by a twinning extremely variable in its scale, 
intensity, and distribution throughout a given grain. 

The nature of the microcline has been considered and a few words can now 
be said with rega rd to its development both in other metamorphic ter rains and in 
the present one. In several instances, the alteration of o rthoclase to microcline has 
been attributed to a decreasing metamorphic grade. Eskola (1952, p. 148), for 
example, described the progressive microclini za tion of orthoclase, adding that 
" . . . the development of microcline from strain shadows seems to be specific for 
the granulite fac ies ." The potash feldspars described by Eskola from Lapland have 
been X-rayed by Goldsmith and Laves (1954b, p . 110 ) , who concluded that 
microclinization has developed hand-in-hand with va ri ability of triclinity, thus 
allud ing to the possible development of poorly or sub-microscopically twinned 
triclinic potash feldspar. 

The development of triclinity and microcl inization with respect to metamor­
ph ic grade has been studied in potash feldspars from rocks in southern and north­
ern Norway by H eier ( 1957, pp. 468- 479), who concluded th at " the orthoclase 
rnicrocl ine transition takes place very close to the conventional granulite-amphibo­
lite facies transition." H eier put the temperature of transition at about 500 °C, i.e. , 
slightl y lower than the temperature of transition between the two facies. H ence the 
monoclinic orthoclase may be found in high-grade almandine- amphibolite facies 
rocks. In the present instance the development of microcline goes hand-in-h and 
with the degree of recrystalli zation . being best developed when the acid granulites 
are largely converted into light-coloured biotite- quartz- feldspar gneisses. 

Where plagioclase occurs as inclusions within the potash feldspar , thin mantles 
of a clear albitic plagiocl ase surround the variably sericitized oligoclase grains, pro­
vidi ng evidence of reaction between potash feldspar and plagioclase with fa lling 
temperature. These mantles are best developed where quad rill e twinning is well 
exhibited by the potash fe ldspar. The fresh nature of these mantles suggests th at 
they were formed by reaction, the albite molecule bei ng derived from the enclosing 
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perthitic feldspar. Supporting this relationship is the fact that the thin perthitic 
intergrowths wedge out and become less abundant adjacen t to the plagioclase 
mantles. 

Mention has already been made of the effects of stress during and after the 
initi al crystallization of the acid rocks and recrystallization of the more basic types. 
The bending of the twi n lamellae in the plagioclase grains and an nea led micro­
fractures in the fe ldspars is related to movement during the for mation of the 
granulites. The microfractures observed within both the plagioclase and the potash 
fe ldspa rs have been a nn ea led with the fractured material in each case. The presence 
of small iron-ore and quartz gra ins along these microfractures indicates that other 
material was able to migrate a long these before they were a nnealed. 

Microfracturing a lso took place at some period following the formation of the 
granu lites, possibly during the Grenville orogeny. A long such microfractures in 
the potash feldspars smaller gra ins of the same mine ral occur. Q uadrille twinning 
is well developed in these grai ns. The different orienta ti ons of the twin patterns 
indicate movement and recrystallization along these microfractures. That these 
microfractures may be related to the effects of the Grenville orogeny is in ferred 
from the development along them of colourles mica . In places the colourless mica 
becomes well enough defined to be termed muscovite. 

Si gni ficance of Biotite and Hornblende 

Evidence derived from the nature of the feldspars indicates that the liquid 
phase from which the acid granulites crystallized was at a high temperature and had 
a re lat ively low water content. The anh ydro us nat ure of this liquid phase can be 
further considered in relation to the presence of the hyd roxy l-bea ring minerals 
biot ite and hornblende. 

The brownjsh reel biotite in all the varieti es of g ranulite has fa irl y constant 
optical properties , indicatin g a narrow compositional variation. These features sug­
gest that the format ion of the biotite, whether from a liquid phase or by recrystal­
lization from a lower grade assembl age, was governed by a particular temperature­
pressure environment. The biotite is most abunda nt in the pyroxene-rich basic 
gra nulites forming as much as 30 per cent of the mode. The intermediate granulites 
average 10 pe r cent biotite, the pyroxene- plagioclase basic granulites 3.5 per cent, 
the acid gra nulites 3.5 per cent , and the ap lograniti c types onl y 0.6 per cent. Tn a ll 
these sa mpl es it was fo und , as shown ea rli er. th at the biotite was common ly in 
appa rent equilibrium with the pyroxenes and feldspars during the formation of the 
granulites. The observed replacement of pyroxe ne by biotite and qua rtz, while of 
significance, was not common. The pyroxene- biotite reaction in such instances is 
tentatively attributed to the effect of percolating granitic liquid s that crystallized 
to form the acid granulites. 

The presence of greenish brown hornblende in some of the basic gran ulites is 
attributed to local variations in bulk composition. This is suggested by its restric­
tion to thin bands within these granulites, where it occurs at the expense of both 
biotite and pyroxene. The abundance of bio tite throughout the group and the 
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restriction of hornblende is a marked feature, which must be explained in term 
of the chemical composition of the group and poss ibl y of the effects of certain stress 
conditions. 

According to R amberg (1949), the following reaction takes place in over­
saturated rocks on tran ition from the amphibolite facies to the granulite facies. 

A mphiboli te faci es 

aCa2(Mg,Fe),Al3Si,;0 2 ~ (0H) 2 + (Mg,F e) 3Al2Si30 12 + 5Si02 

Hornblende + Gamet + Quartz 

Granulite facies 

7(Mg,Fe)Si03 + aCacAl ,,Si,0 2• 

H ypersthene + Plagioclase 

In Si0 2 deficient rocks , however, hornblende will be stable at higher temperatu re­
p ressure levels than in those rocks th at a re quartz-bearing, i. e. the reaction, 

aCa2(Mg,Fe).1AlaSi"0 22(0HJ + (Mg,F e) ,iAl "Si30 12 + 3(Mg,Fe) Si03 

H ornblende + Gamet + H ypersthene 

Olivine + Pl agioclase 

take place at higher pressure-temperature levels than does the p revious reaction. 

As a result, it has been poss ible in the present exa mple fo r hornblende, ortho­
pyroxene, and Jabradorite to occur in stable equilibrium, in silica-defi cient rocks 
alongs ide those containing orthopyroxene and excess silica, within the p ressure­
ternperature interval between the reactions just li sted above. 

The presence of hyd roxyl-bearing minerals in this granuli te assemblage indi­
cates that water was originally present as a free phase both in the recrystallizing 
intermediate and basic var ietie and in the liquid phase crystallizing to give the acid 
granulites. In addition both temperature and water pressure conditions were favo ur­
able for the development of these hydroxyl-bearing minerals. 

For many yea rs after Eskola's definiti on of the granulite fac ies some geologists 
held that the p resence of biotite in granulite fac ies rocks was an indication of 
chemical disequilibriu m. Turner and Verhoogen (195 1, p. 479) , however, sug­
gested that the presence of hydroxy l-bea ring minerals in granul ite fac ies rocks was 
possibl y due to the p resence of water and need not necessa ril y point to chemica l 
disequilibrium. 

These views indica te the nature of the controversy rega rding the presence of 
water during metamorphi sm. R amberg (l 952, p. 269) observed that " . . . it is 
very interes ting th at water appea rs to be ava ilable wherever needed to fo rm the 
hydrous minerals." Dunn (J 942), Eskola ( I 952), and R amberg (1952) have 
expressed the view that water was unive rsa ll y present and always in adequate supply 
during metamorphism, thus diminishing its importance as a controlling factor. 
Yoder (195 5, pp. 569- 627), however, objected to the views above and was of the 
opinion that the genes is of hyd roxy l-bea ring minerals would in many instances be 
prohibited due to lack of water, and he further emphas ized (op. cit., p. 521) th at 
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.. the role of water in metamorphism is dependent upon four variables -
temperature, rock pressure, water content, and water pressure." 

With regard to high grade assemblages, Yoder (op. cit. , p. 518) was of the 
opinion that " . . . granulite may have formed in the absence of water at low 
temperatures, or at high temperatures in the presence of water above the stability 
range of hydrous minerals ." 

Ramberg (1949) and Eskola (l 952) are of the opinion that the absence of 
water in a granulite environment was probably due to high temperature, making 
the latter the most impotiant controll ing factor. 

In the present case, evidence indicates that though the temperatures were high 
enough for the formation of orthopyroxene, antiperthite, and hair perthite (an 
assemblage typical of the granulite fac ies) , there was sufficient water, along with 
appropriate water pressure and rock pressure, to allow the for mation of a hydroxyl­
bearing phase. The temperature, therefore, was not beyond the stability range of 
the biotite and hornblende under the given water pressure and rock pressure values. 
The presence of biotite throughout the whole assemblage indicates relatively high 
KeO:NaO, and MgO + FeO:CaO ratios for these rocks. 

Before going on to consider the level of metamorphism , brief consideration is 
given to Yoder's controversial ideas in connection with the mineral facies concept. 
Yoder (1952) published the results of his experimental invest igations of the stable 
mineral assemblages in the ystem MgO-Al 20,,-Si02-H~O. He concluded (1955, 
p. 615) that " ... at approximately 600 °C temperature and 1 ,500 p.s.i. pressure 
of water vapour, it is possible to have assemblages suggestive of every one of the 
now accepted metamorphic facies in stable equilibrium " . Yoder continued, "The 
differences between these facies are the result of variation in bulk composition and 
need not represent variations of pressure and temperature. This conclusion based 
on experimental fact appears to be at va ri ance with field observations." Further­
more, Yoder stated (op. cit. , p. 616), "It is necessary, therefore, to construct a new 
facies classification based on a fixed composition , or on several independent com­
positions, particularly sensitive to temperature and pressure." 

Eskola (1957, pp . 106- J 19) in hi s discuss ion of the mineral fac ies of charn­
ockites considered Yoder's views in the light of fi eld and petrological evidence 
gained both by himself and by other workers. Although acknowledging that diffi­
culties ari se from variation in bulk composition , Eskola maintained (p. 110): 

The be lon ging of a rock to a certain facies is ascertained from the so-ca lled critical 
minerals or assemblages, stable in one facies only. It is particularly the amount of water 
and carbon diox ide that causes comp licat ions and this is especia ll y true of the granu lite 
fac ies. The mineral facies classification as Yoder says. must be reformed on an exact basis 
to meet these complications. It seems to me, however, that the experience gai ned in the 
a pplication of the fac ies principle by various workers in many countries has proved its 
useful ness even in its present. only qu al itative state, and that the cases where it has lead 
to erro neous results are neither numerous nor very serious. 

In the present work, the writers, while acknowledging the significance of Yoder's 
works, are of the opinion that Eskola's mineral and metamorphic facies classifi­
cation as refined by Turner and Verhoogen (195 J) is a useful tool, which is con­
sistent with the observed field and microscop ic evidence. 
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The Level of Metamorphism 
The minera l a semblages of the gra nulites fro m the M ount Wright regi on fit 

into the gra nulite fac ics of Eskola ( 1939 , p. 360), except perhap fo r the uncertain 
posit ion of hydroxyl-bea ring biotite and hornblende. Eskola h as defi ned the granu­
lite fac ies as comprising the crysta lline rocks, which at normal granitic composition 
are composed of quartz, potash fe ldspa r, sodic plagioclase, and almandine- pyrope 
ga rnet. At basaltic bul k composition the associatio n hypersthene and plagioclase 
are typomorphic minera ls of this facies (Eskola, 1952, p. 140). Garnet forms onl y 
where alumin a exceeds the amount th at ca n be contai ned in the feldspars. Further, 
if alumina exceeds the amount required for the ga rnet ratio, then sillim anite or 
cordierite is formed. So metimes excessive alumina may fir st give co rdierite. 
Idea ll y, the pair kya nite- ga rnet (or sillim anite- ga rnet) repl aces mica, and the pair 
diopside- hypersthene replaces amphibole. 

Subsequentl y, Fyfe, T urner, and Ve rhoogen ( 1958, p. 232) d istinguished rocks 
with the characteri stics above as belo nging to the pyroxene granu li te sub fac ics. 
These we re di stingui shed from associations of hornblendc- biotite- co rcli eri tc­
bea ring granulites so extensively developed in some terra ins as to be given the 
separate sta tus of the hornblende gra nulite subfacies . Turne r and Verhoogen ( 195 1) 
suggested that the hornblende granulite subfac ies fi eld occupies the a rea of ove rl ap 
between the alm andine amphibo lite facies and the gra nulite fac ies. H su (J 955, 
p. 223, quoted by Fyfe, et al., 1958 , p. 23 2) pro posed the term biotite granulite 
subfac ies for rocks with simil ar assembl ages in the San G abri el M oun tains of 
Califo rni a. 

In the a rea unde r consideration , the critica l and typomorphic minera ls fo r the 
who le granulite assembl age are antiperthitic p! agioclase, high temperature perthites, 
blue quartz, hypersthenc, d iopside, pyrope- al mandine ga rnet, biotite , and ho rn ­
blende. Accord in g to Turner's and Verhoogen's subdi vision of the granul ite fac ies, 
the presence of the latter two hyd roxy l-bea ring minera ls in the granulites of the 
Mount Wright region would place these rocks into their hornblende granulitc 
subfac ies. 
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The main minera l assemblages a re: 
(I) Quartzo-feldspathic rocks (acid granulites). 

a) qua rtz, microcline plagioclase, biotite, hypersthene ± ga rnet 
(charnockite s.s.). 

b) quartz, plagiocl ase microcl ine, biotite, hypersthene ± garnet 
( enderbite). 

c) quartz, plagioclase, microcline ± biotite, ± ga rnet (alaskites). 
(2) Intermediate assem blages ( intermediate gra nulites). 

a) pl agioclase, quartz, hypersthene, dio pside, biotite ( norm al 
intermediate granulites). 

b) plagioclase, quartz, hypersthene, diopside, bio tite, microcline 
(migm atized intermedia te granulites). 

( 3) Basic assemblages ( pyroxene-plagioclase gr an ulites). 
a) plagiocla e, diopside, hypersthene, biotite . 
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b) plagioclase, diop ide, hypersthene, biotite, hornblende. 
c) plagioclase, diopside. 

( 4) Pyroxene-rich as embl age. 
a) Diopside, hypersthene, biotite, plagioclase ± hornblende. 

The plots on an ACF diagram of the four chemically anal yzed rocks arc 
shown on Figure 12. Also inserted in this diagram a re the plots of the eight speci­
mens whose approxi mate chemica l compositions were ca lculated from their modes. 
From the distribution of these plots it is seen that the actual mineralogy of these 
rocks agrees with that pred ic ted by the phase-equilibria ACF diagram for granul ite 
facies rocks with excess SiO". 

The plot of the analyzed garnet-beari ng hypersthene granu lite lies we ll within 
the stabi lity field anorthitc- orthopyroxene- garnet, the presence of the garnet indi­
cating an excess of alumina over the amount required by the feldspars and the 
small amou nt that may be taken up in the co-existing orthopyroxene. Jn the aplo­
gra nitic gra nulites, where ga rnet is the mai n ferromagnesian minera l, the amount 
of iron and m agnesium ava ilable during the fo rm ation of these rocks did not 
generally exceed that required fo r the ga rnet ratio, the result being that ortho­
pyroxene is either lack ing in many of these rocks , or of mino r importa nce. Sufficient 
iron and magnesium were availab le to react with excess a lu mina to form garnet 
and biotite so that neither sillim anite nor kyanite were formed in these rocks. 
Another factor related to the scarcity of orthopyroxenes in the gran ites and grano­
dio rites was the formatio n of the reel-brown biotite. 

The intermediate granulites also li e within the two phase anorthite- ortho­
pyroxene fie ld. The ACF diagram (Fig. 12) shows the field anorthite- orthopy­
roxe ne extended to allow for an alumin a content of as much as 8 per cent, which 
the orthopyroxenes of this facies may contain. The four plots of intermediate 
granulites a re seen to fa ll within this extended field. a feature suggesting that the 
o rthopyroxenes here invo lved are aluminous. The presence of minor amounts of 
diopside in these rocks is in acco rd with their position in the extended anorth ite­
d iopside- ortho pyroxe ne field, indicat ing a sl ight excess of ca lcium over the amount 
required by the feldspar ratios. The pyroxene- plagiocla e gra nulites and pyroxene­
rich gra nulites fa ll well within the anorth ite- diopside- orthopyroxene field , the plots 
of the former falling nearer the ca lcite and si ll imanite corners, the plots of the latter 
nearer the hypersthene corner. 

The presence of biot ite in a ll the rocks exa mined , except the plagioclase 
diopside granulites and some of the ap logranites, indica tes that thi s mineral has an 
extended stabil ity from the most acid throuph to the most m afic rock types. This 
suggests a wide diadochy of (Mg+ Fe) to Al ratios , a lthough the optica l proper­
ties of the biotite suggest a fairly constant Mg/ Fe ra ti o. 

Ramberg (1952. p. J 58) stated that the fo llowing reactions take place 
abruptly around the borderline between the gra nuli te and al mandine amphibolite 
fac ies. 

( 1) Biotite + sillimanite =:;;::::::: garnet + potash fe ldspar + water 
( lower temp.) (higher temp.) 

(2) Biotite hypersthene + potash feldspar + wate r 
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INDEX TO NUMBERED PLOTS 

l. Acid granulite (garnetiferous hypersthene granite) Table 3, Column 1 
2. Intermediate granulite (quartz.pyroxene·plagioclase granulite) Table 4, Column 2 
3. Intermediate granulite (quartz.pyroxene·plagioclase granulite) Table 4, Column 1 
4. Intermediate granu lite (quartz·pyroxene·plagioclase granulite) Table 4, Column 3 
5. Intermediate granulite (quartz.pyroxene·plagioclase granulite) Table 4, Column 4 
6. Basic granu lite (pyroxene-plagioclase granulite) Table 5, Column 1 
7. Basic granulite (pyroxene-plagioclase granu lite) Table 5, Column 2 
8. Basic granulite (pyroxene·plagioc lase granulite) Table 5, Column 4 
9. Basic granulite (pyroxene-ri ch granulite) Table 5, Column 8 

l 0. Basic granulite (pyroxene-rich granulite) Table 5, Column 5 
11 . Basic granulite (pyroxene-rich granulite) Table 5, Column 6 
12. Basic granulite (pyroxene·rich granulite) Table 5, Column 7 

F 
Orthopyroxene 

GSC 

FIGURE 12. ACF diagram for th e p yroxene-bear ing gronuli te fades rocks with excess sil ica. 

He maintained that these reaction depend upon the Mg/ Fe ratio, and that they 
do in fact show that biotite may or may not be stable in the granu lite fac ies. Petro­
logical data reveal that pyroxenes have a greate r Mg/ Fe ratio than do co-existing 
biotite and ga rnet. Jn the present work this observed Mg/ Fe relationship appears 
to hold, for optical data suggest nea rl y eq ual amounts of magnesium and iron in 
biotites whereas both the orthopyroxenes and diopsides show Mg > Fe. F urther 
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evidence of original iron enrichment in the biotites i seen in the presence of the 
stringe rs of iron-ore grains within the biotites, which have a fo rm suggesting 
exsolution from an earlier higher tempera ture phase. 

While the biotites in these rocks appear to be large ly in equilibrium with the 
pyroxenes, there is some evidence to suggest that they are products of partial 
reaction with the latter: 

(3) Biotite + quartz ::::;;:::::=::: rhombic pyroxene + potash fe ldspar + water 

The equilibrium temperature of the reaction will be a function both of water vapour 
pressure and Fe/ Mg ratio. U nder granulite facies conditions where PH.,o is likely 
to be less than total load pressure, equilibrium may be established by- a balance 
in reaction ( 3), water vapour pressure increas ing with temperature along the uni­
va riant curve until PH?O equals P load. Over thi s range of temperature bio tite and 
rhombic pyroxene can- co-exist at equilibrium . 

Environment of Deformation 

The granulites, with a high-grade mineral assembl age, a re typical products 
of plutonic metamorphism under high temperatu re and confining pressure, where 
deformation results in plastic fl ow, a mechani m illustrated by the highly dis­
harmonic nature of: the minor fo lds and the para-tectonic nature of the ptygmatic 
ve ins. ]t is thought that the intermedi ate and bas ic granulites were fo m1ed by 
recrystalli zat ion of a large ly so lid-sta te phase whereas the acid granuli tes crystal­
lized out of a mobile phase that was la rge ly liquid in character. 

T he nature of the minera l lineation and the absence of any marked degree 
of intercrystal gran ulation within the intermediate and basic granulites suggest 
that the formation of thi s minera l lineation was either para-tectonic or post-tectonic. 
If the crysta llization is large ly post-tectonic, then the mine ral lineation and small­
scale banding must be mimetic afte r an ea rlier fa bric. T he random o rientation of 
inclusion s of intermed iate and basic gran ulite, however, within the ac id granulites 
in certain loca lities, indicates the probable para-tectonic nature of much of the 
crystallization (Fig. 4D ) . 

T he consta nt o rientation of the easter ly p lunging minera l linea tion may indi­
cate a major stress ax is acting in an approx imately north-sou th direction. This 
stress persisted durin g the empl acement and crystallization of the acid granulites 
as the latter may also exhibit a rude lineat ion para ll el with that in the more basic 
granulites, particularly in the thinner bands and veins . The form of ome of the 
ptygmatic vei ns also suggests veining duiing deformation. 

The nature of the la rge-scale banding, i.e., banding produced by the alternation 
of bands of acid and intermediate gra nulite, appea rs to have been largely the result 
of the empl acement of an acid mobile phase along planes that were approx imately 
parallel with the smaller scale banding within the intermed iate granulites. The 
frequent and slightly discordant nature of the contact between the la rge- and smal l­
scale banding (Pl. I) gives further support to the conclu sion regarding the mobility 
and penetrating power of the acid mobile phase. The large-scale banding can 
therefore be looked upon as migmatitic in sty le. Some of the thinner bands and 
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lenses of acid granulite have a form that could be related to metamorphic differenti­
at ion, while the ill-defined pods and irregular patches of acid granulite within more 
basic granulites (Pl. 111) could likewi e be re lated to metasomat ic segregat ion. 

The smaller sca le banding within the intermediate and basic granulite, which 
is related to minor variations in the ratio of m afic to felsic minerals (Pl. I), could 
e ither be re lated to metamorphic differentiation o r more probably it reflects an 
earlier banding. If the inte rmed iate gra nulites a re highl y metamorphosed sed i­
mentary rocks , then thi s banding may reflect original lithological variat ions. In this 
instance, the basic granu lites could possibly represent volcanic horizons or intru­
sive bands with in the origi nal sed imenta ry sequence. 

The subhorizontal nature of the banding indicates that the confining pressures 
were such that there was little relief of pressure and movement of m ateri a l in a 
vertica l direction, this being reflected in the apparent ab cnce of la rge-scale fo lds 
with steep axial planes. Because of this high confining pressure , the minor fo ld 
structures that did fo rm , as a result of the strong north-south horizontally acting 
stress axis, did not distort the banding on a large sca le. Nevertheless , the lateral 
now of material appea rs to have been co nsiderable, with the result that many of the 
minor folds are overturned northwards o r completely recu mbent. The limbs of 
such minor folds often show various degrees of thinning and stretching until the 
form of the fo ld is lost and all that remains are subparallel band and Jen es of 
gran ulite with rare apparentl y isolated fold hinges. 

The form of these min or folds suggests differential m ovement with upper 
bands m ov ing relatively no rthwards over underlying bands. Under this regime the 
major S- urfaces would be potential shea r- and slip-planes. Recrystallization along 
these surfaces has produced mine ral s that are gene rall y la rger and more poikilo­
blastic than is normal (Pl. IV A and B). 

A fabr ic possibly related to differential fl ow has been observed in certain 
sections of intermediate gra nulite cut perpendicular to the mineral lineation. Here 
the biotites in stead of lying with their (00 1) surfaces parallel with the bandin g, as is 
usual, appear to be orientated in such a manner as to form a spindle, the axis of 
wh ich is approx im ately parallel with the mineral lineation (Plate IVB). 

The possibility that the horizontal banding and overturned or recumbent minor 
folds m ay reflect the presence of large-scale recu mbent folds has not been over­
looked. Large-scale fold hinges that could possibly indicate the presence of such 
large strnctures, however, were not obse rved. 

Origin of the Main R ock Types 

The field evidence available supports the mineralogical evidence that the acid 
granulites were formed by the crystallization of a relatively mobile and partly liquid 
phase. Even if one allows for the solid nature a t this stage of the orthopyroxene 
and red-brown biotitc due to possible metamorphic or igin , the remaining liquid 
phases were abundan t enough to form a mobile acid magma, which under high 
pressure penetrated the more basic granul ites without great difficulty. From this 
combination of minor crysta l mesh and m ajo r interstiti al li quid phase with a tern-
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perature somewhere between 660 ° and 750°C, the high temperature alkali fe ldspars 
crystallized out. P ossibly a homogeneous alkali feldspa r began to invert to ortho­
clase cryptoperthite or hair perthite as tempera tures dropped below 660 °C, and a 
homogeneous oligoclase began to invert to antiperthi te at about the same tempera­
ture. The rela tion hi p of the potash-rich to soda-rich feldspa rs suggests that the 
latter began to crystallize out first. 

The nature of the ptygmatic veins, rare crosscutting vein of aplogranite, and 
the random orientation of inclusions of bas ic and intermedi ate gran ulite within the 
ac id gra nulites a ll point to the mobility of the latter during its form ation and 
empl acement. In addition , both field and mineralogical evidence point to a period of 
crystallization continuing after the more basic granulites had been recrystallized 
to their present assemblage and , as suggested earlier, this later period in the para­
genesis of the gra nulites may have taken place when condi tions were equivalent to 
the gra nulite- amphibol ite facies tra nsi ti on . High-grade metamorphic conditions, 
however, appear to have continued after th e initial crystallization of the acid 
granuli tes, as these exhibit a variable degree of recrystallization with the develop­
ment locall y of a granobl astic texture. The manner in which quartz indents and 
replaces the other minerals suggests th at during this late phase the free silica was 
still active. On the other ha nd some quartz indenta tion may be related in p art to 
reactivation during the later Grenville orogeny. 

T he aplograniti c granulites represent the la test phase to crystalli ze, h aving in 
places a crosscutti ng relat ionship even in the granitic and granod iori tic granulites. 
Generally, however, they grade into the latter and as such are distingu ished by their 
whitish colour, coarse rarely pcgmatitic gra in-size, and by the presence of red 
garnets . T he aplogranitic granulites are thought to represent the late stage residuum 
of the acid magma, which crystallized to form the graniti c and granodioritic granu­
lites . Their poverty in o rthopyroxene a nd biotite may reflect an excess of alumin a, 
which combined with magnesium and iron to form the pyrope- almandine ga rnets. 
In some specimens where ga rnet is not so common, biotite is more abundant. 
These aplogranitic granulites must be ca refull y distinguished from microscopically 
similar rocks that are present along the GrenviUe front to the south. The latter are 
thought to have been produced during remobilization of the acid granulites in thi 
zone. These later Grenville aplogra nites a re well represented in certa in localities 
within the Grenville province to the south . 

The o ri gin of the intermed iate granulites poses a greater problem. In many 
areas where charnockitic rocks have been described, those of an intermedi ate com­
position have been called hyb rids, and were supposed to have been formed by the 
imp regnation, veining, and ass imilation of more basic rocks by a charnockitic 
magma. ln other instances, the magmatic differenti at ion of a plutonic intrusion 
with o r without subsequent metamorphic recrystallization bas been postulated for 
the o rigin of these pyroxene-bearing rocks, the intermediate varieties forming an 
integral unit midway between the ac id and the bas ic di ffere ntiates. 

According to H owie, in hi s examin ation of the type cha rnockite area ( 1955a, 
p . 7 62), " ... the charnockite series of M adras are either igneous rocks or igneous 
rocks which have subsequently undergone high-grade regional metamorphism." 
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PLATE IV. Polished surfaces of specimens from Seahorse Lake. 

11 3081 -A 
A. Surface showing a junction between aci d and intermediate granulite. The two rock typ es 

ore separated by a zone richer in pyroxene and biotit e. A preferred orientation of the 
biotite flakes and pyroxene grains is moderately well develop ed. 

113081 -C 
C. Surface showing a band of coarse-grained acid granulite (right). in contact with basic 

granulite (centre), with intermediate granulite ta the left. Th e acid granulite is seen ta 
contain seams rich in pyroxene. 



113081 -B 
B. A similar contact between acid and intermediate granulite. The intermediate gronulite 

contains a zone of coarser pyroxene and plag ioclase grains, which represents a slip 4 

surface of the type described in the text. 

113081-D 
D. Intermediate gronulite enclosing on irregular zone rich in quartz and potash feldspar. 
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Subramani an (1 959), however, did not accept the concl usions of H owie (195 5a) 
and H o ll and (1 900). His conclusions ( listed in T able I) indicate that rocks in 
the intermediate division a re hybrids resulting from the pa rti al ass imilation and 
incorpora tion of basic pyroxene gra nulites by the charnockite magm a. 

A hybrid origin for the inte rmediate granulites in the M ount Wright region is 
not envisaged, for there these rocks form thick continuous band s, some of which 
may be completely free from veins and tongues of acid granulite or lenses and 
bands of more bas ic granuli te. The composite gneisses p reviously referred to (Pls. 
JI and llI) a re not related to hyb ridization but to the combi ned o r separate pro­
cesses of metasomati c segregation o r localized palingenesis. F urther, the textural 
and grain-size relationships between the acid and the interm ediate granulites a re 
quite di stinct. The intermediate and bas ic granulites generally have a uniform 
tex tu re a nd grain-size over large areas, whereas the acid granu lites are generall y 
coa rser with a more va ri able tex ture. H owever, in those gneisses th at show an 
intim ate association of acid and more basic gra nulites (Pls. II and III ), the di s­
tinction in grain-size and texture is less well emph as ized. F urther, in thinner ba nds 
and lenses of acid granulite the grain-size is fi ner and the texture more granobl as ti c. 

Avail able evidence suggests th at the interm ediate granulites have been fo rmed 
by solid-state recrystallization of o lder rocks, which future examin ation, especially 
at the northern limits of this granulite terrain , may show to be of either igneous or 
sedim enta ry origin. Wh atever their initial o rigin , it seems that their homogeneous 
natu re ove r such a large area must be the result of either o ri ginal or imposed 
homogeneity due to p lu to nic metamorphism, with the fi nal phase at the granulite 
fac ies level of metamorphism. ln addition, a ny consideration of their origin must 
take into account thei r intim ate and possibly genetic relationshi p with the acid 
granulites. 

The banded relationship of the acid and intermediate granulites ca n be 
expla ined in one of two ways. F irst, the intermediate granulites may represent 
the solid- ta te phase remaining a fter the for mation of the acid mobile phase by 
differe nti al fu sion o r after the fo rm ation of the acid granulites by metasomatic 
segrega tion . In this instance the intermedi ate granulites may represent homogenized 
remna nts of the original country rock. H the ac id granulites represent a crystalli zed , 
la rgely autochthonous mobile phase, then some movement of this phase must have 
occurred prior to fin a l crystallizati on in o rder to account fo r the p resent strnctu ra l 
setting. 

Alternately, the structural setting may be ex pl ained by supposing that the 
intermediate granulites represent a se ri es of greywackes, which were highly meta­
morphosed and subsequently veined on a la rge sca le by an acid magma origi nating 
from an ex tra neous source. Certa inly the close similarity observed between the 
chemica l an alysis of the intermediate granulite and certain greywackes from other 
parts of the Canadian Shield (Table V , columns 2- 4 ) would seem to favour a sedi­
mentary o ri gin for the fo rmer. These simil ariti es cannot be taken as final proof of 
a sedimenta ry origin fo r the intermediate granulites, fo r many greywackes when 
analyzed have their chemical equiva lents in certain andesites and qu artz diorites 
(compare T able IV. columns 7 and 8 with Table VII, column 2- 4). 
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PETROGE ESIS OF THE GRANULITES 

Chemical A nalysis of t/1 e lntennediate Granulites and certain Grey wackes 
from the Precam bria11 of Canada 

2 3 4 

SiO, 62.8 62.40 61.52 60.51 
ALO, 16.1 15.20 13.42 15.36 
Fe,O, 1.0 0.57 1.72 0.76 
FeO 5.22 4.61 4.45 7.63 
Cao . . . . . . . . . . . . . . . 3.7 4.59 3.56 2. 14 
MgO .... .. 3.5 3.52 3.39 3.39 
Na,O 3.5 2.68 3.73 2.50 
K.,O 1.9 2.57 2.17 1.69 
H,O+ ...... .......... 0.76 1.56 2.33 3.38 
H,O- 0.07 0.06 0.15 
TiO, 0.6 0.50 0.62 0.87 
P,O, 0.1 0.27 
MnO 0.1 0. 16 
c o , ... 1.30 3.04 1.0 1 
Tota l 99.28 99.57 100.0 1 99.82 

K ey to Table V ll 

1. Intermediate granuli te (quartz-pyroxe ne-plagioclase granul ite) . Analys is made from 
seve ral specimens collected in the Seahorse Lake a rea, Mount Wri ght region. 58/ 133, 
56/ l 7, 58/ 90. Rapid methods analyst : K. Hoo ps, GSC Lab. No . A-749 . 

2. A rchaean greywacke (average of th ree analyses) , Minnesota. Pett ijohn , 1956, p . 306, 
quoti ng Grout, 1929. 

3. A rchaean greywacke (average of three analyses) , Kirkl and Lake, Ontario. Pettijohn, 1956, 
p. 306, quoting Todd, 1928. 

4. Archaean greywacke, Ontario. Pettijohn, 1956, p. 306. Analyst : B. Brunn. 

Any consideration of the ongm of the basic pyroxene- plagiocl ase granulites 
must take into account their wide and often regul ar distribution, generally as thin 
bands or lenses within the intermediate granulites. If they represent recrystall ized 
basic tuff, lava, or intrusive tongues within an original sedimentary sequence largely 
composed of greywackes, then their present distribution indicates either small-scale 
volcanic activity during their fo rmation, or large-scale tectonic drawing-out of 
originally thicker bands under plastic deformation during high-grade metamor­
phism. According to this latter process continuous bands would be stretched out 
into the isolated boudins frequently observed. These boudins and lenses would 
have their longer axes parallel with the regional mineral lineation, as is actually 
the case. 

T he basic pyroxene-rich granulites, which are even less common than the 
basic pyroxene- plagioclase granulites, occur in a similar manner. They are espe­
cially well developed where the acid granulites permeate and ve in the more bas ic 
granulites on a large scale, and therefore probably result from rnetasorn atic­
rnetamorphic segregat:;:m and basifica tion during the fo rmation of the more acid 
granulites . 

69 



MOUNT WR IGHT MAP-AREA , QUEBEC-NEWFOUNDLA D 

Igneous Versus Metamorphic Origin 
It wa argued earl ier in thi s section that the several varieties of charnockitic 

granulite had obtained their similar critical mineral assemblages via different 
processes; the intermediate and basic granulites acqu ired theirs by metamorphic 
recrystallization largely in the olid state with a limited liquid ph ase, whereas the 
bulk of the acid granulites were fo rmed by crysta lli zation from a mobile phase 
largely liquid in character. T he role of metasomatism, however, should not be 
underestimated, for the rather ill-defined patches, seams, and lenses of granitic 
rock within bands of more bas ic rock, and the development of thin ba ic selvedges 
in other rocks , are feat ures that suggest ome degree of metasomatism. 

Several lines of evidence can be used in an argument against a direct mag­
matic origin for the whole assemblage of granulites, even if recrystalli zation was 
assumed to have occurred during or after empl acement of the granulites to account 
for their metamorphic texture. T he first line of evidence concerns the spatial and 
volume relationships of the several rock types . If the granulites are thought to have 
formed through the differentiation of a magma of basic or intermed iate compositi on 
then the basic granu lite would be assumed to have been the first rocks to sol idi fy. 
Yet they are present as thin bands and lenses within both the intermed iate and acid 
granulites. F urther, the intermed iate granulites would stand unsupported unless the 
remaining liquid was so viscous under the prevailing pressures as to act in a rela­
t ively competent manner. Moreover, the observed proportions of acid , intermediate, 
and basic materi al in this assemblage do not fit into any other scheme of magmatic 
differentiation as the basic granulites are of minor importance compared to the 
other rock types. Sutton and Watson ( 1951, pp. 268-273) have used a similar 
a rgument in their discussion on pyroxene granulites from the Northwest Highlands 
of Scotland , in which they maintain that if the more basic va rieties of the group 
represent rel ics of an original ly continuous mass injected by hypersthene granite, 
then it would be necessary to postulate such an intimate penetration of the acid into 
the basic material that the process wou ld have to be looked upon as one of migma­
tization and soaking rather than one of magmatic intrusion. 

The overall spatial relationship in the Mount Wright region between the acid 
granulites on the one hand and the intermediate and basic granulites on the other 
is one of a large-scale layered complex with subhorizontal banding, similar to that 
desc ribed by Sutton and Watson (1951 ) . This migmati tic type of banding is best 
expla ined by the regul ar and often intimate movement of the mobile acid magma 
wi thin the more basic granulites during the solid state recrystallization of the 
latter. It is stressed, however, that thi s does not imply an ex traneous source for this 
magma, for one of the difficulties is to decide to what extent this liquid phase was 
the product of local anatexis. Such a mixed relationship would imply differential 
fusion in situ with ubsequent movement of the magm a. The transformist school 
envisages limited wet or dry metasomati c diffusion to accou nt for the irregular and 
intimately mixed relationship observed in many instances between the granitic 
rocks and their more basic counterparts. 

The textural relationships do not in general ugges t a magmatic origi n for the 
whole sequence, as crystal outlines and sizes are va riable between the acid granu-
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Jites , on the one hand , and the intermediate and basic granulites on the other. 
T he proxene-rich granulites have a texture and grain-size different from that of 
the pyroxene- plagioclase granulites . The basic and intermedi ate gra nulites have a 
typ ica l metamorphic texture while the more acid rocks commonly have coarser 
gra ins with a more irregular relation . In the more intim ately interba nded rock types 
these differences may be less apparent. 

Several minera logical features do not acco rd with a magmat ic ori gi n fo r the 
whole group. The presence of ho rnblende in the bas ic gra nulites a nd its appa rent 
absence in the more acid rock types is not in keepi ng with the theory of magmat ic 
d ifferentiation according to which , as a result of the discontinuous reaction seri es, 
hornblende should crystalli ze late and at a lower temperature than orthopyroxene. 
According to R amberg ( 1949 , pp. 35- 37)_ who described a similar relationship in a 
norite- enderbite se ri es in Greenland , the explanation for their origin is th at a ll the 
rock types he described were recrystallized and in part , formed at very nearly the 
sa me pressure-temperature conditions; i. e., it is the stability relationships of horn­
blende that allow the mineral to form in basic rock at the same temperature as that 
a t which hypersthene fo rms in the more acid rocks. 

The magmatists have called on unusual conditions of high temperature and 
pressure to accou nt fo r thi s appa rent reversal in the crysta lli za tion sequence of 
ho rnblende and orthopy roxene in these high-grade basic rocks . Howie (1955 , 
p. 764), fo r example, to account for this relationship , has uggested that in the case 
of the M adras charnock ites, the ho rnblende of the initi al basic rock types had used 
up most of the avai lable volat iles, leaving little fo r the more ac id rocks . This 
reasoning cannot be applied in the present situ ation a h ydroxyl-bearing biotite 
occurs in all the rock types. In addition , the very nature of the presence of the 
hornblende suggests that its development was gove rned by the bulk composition 
of certain bands within the basic granulites during metamorphic crystallization. 

The composition of the pyroxenes is not in keep ing with the theory of mag­
matic differentiation acco rding to which the orthopyroxene in the most bas ic 
gra nulites should be richer in magnes ium than those in the more acid granulites 
and should show a gradual va ri a tion in composition. The pyroxene-rich granulites 
carry orthopyroxe ne E n,,_.0 , the pyroxene- plagioclase granulites En, 2.,., the inter­
mediate granulites En,, .• 0 , and the. granitic and granodioritic granulites E n.,0 _, 0 • 

Therefore, it is evident that although the orthopyroxene in the pyroxene-rich 
granulites may be on the average slightl y richer in magnesium than the intermed iate 
and pyroxen e- plagioclase granulites, there is no such relationship between the 
intermediate and basic granulites themselves, as both ca rry or appear to carry 
hypersthenes within the same general compositional ra nge. The hypersthenes in 
the granitic granulites likewise have a composition within the ra nge of those of the 
intermediate and basic granulites . 

Although there is a certain variation in the composition of orthopyroxene , 
the clinopyroxenes appear to be remarkabl y constant in composition throughout, a 
fea ture certainly not in keeping with the theory of magma tic differentiation accord­
ing to which clinopyroxenes in the b asic rocks should belong to the diopside­
augite se ries and those in the acid rocks should be richer in iron. These factors 
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appear to be inconsistent wi th the theory that the granulite form a differentiation 
serie . 

The plots of the four chemical analyses, the eight calculated chemical compo­
sitions of specimens of intermediate and basic granulite, and the analyses of the 
alaskite and biotite gra nodiorite from the adjacent Wabush Lake area (given by 
Gill, Ba1111erman, and Tolman, 193 7) are shown on a Larsen-type variation dia­
gram (Fig. 13). In this diagram the di stribution of the plots brings out the appa rent 
break in composition between the intermediate and basic granulites. 

The Si02 curves show the grad ual increase in silica percentage from the bas ic 
to the most acid rock types, and at the same time the Si02 contents of the pyroxene­
rich and pyroxene- plagioclase granulites are seen to be similar. Table V shows 
that olivine is not a typomorphic mineral of this particular metamorphic grade, the 
main subsiJicic minera l in the most silica-deficient rocks being represented by 
amphibole. The high pyroxene content and the Jack of amphibole in the mafic rocks 
from the granulites of the Mount Wright region is refl ected in a silica content more 
typical of a basic than of an ultrabasic rock. 

The alumina curve is seen to follow the typical course for va ri ation diagrams 
of this sort, reaching a maximum in rocks of an intermedi ate character. Of the two 
sections of this curve the left hand part shows a rapid rise in alumina content, 
which co rresponds to the variations in pyroxene- plagioclase ratios as the pyroxene­
rich gra nulites give place to the pyroxene- plagioclase granulites. The plots for 
total iron are seen to lie on a fairly smooth although partly interrupted curve. The 
same is true to a lesser extent of the MgO plots, whereas the interrupted CaO curve 
is still more poorly defin ed. The Na 20 curve shows a light maximum fo r rocks 
intermediate in composition. 

The distribution of the K 20 plots, however, revea ls several important points. 
While the other curves could be used as an argument for the presence of a differ­
enti ati on series, the di stribution of the K 20 plots indicates the acti vity of metaso­
matic and metamorphic processes. The pyroxene-rich granulites are seen to be 
slightl y richer in KeO th an the pyroxene- plagioclase granulites, as is reflected in 
the higher biotite percentage. The intermediate granulite have a K2 0 content 
simil ar to that of the more basic rocks, whereas K 20 is higher in the more acid 
rocks . The fixation of Keo in the pyroxene-rich granu li tes is thought to be a 
reflection of their origin, by some process of metasomatic segregation. 

Comparison of the chemical ly analyzed specimens of pyroxene- plagioclase 
granulite and pyroxene-rich granulite (Table V, columns J and 5 ) indicates that 
relative to the pyroxene- plagioclase granulites, the pyroxene-rich lenses are ri cher 
in iron oxides, magnesia , and potash, and are poorer in alumin a, lime, and soda. 
A somewhat similar fixation of potash within certain mafi c rocks has been noted 
by Bowes (1961) in hi s geochemical study of metamorphic differentiation in banded 
amphibolites from North R ona, Scotland. 
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CONCLUSIONS 

High-grade pyroxene-bearing metamorphic rocks outcrop over a large area 
north of the Grenville front and west of the Labrador Trough in New Quebec. The 
tudy of a small area of these rocks nea r Mount Wright has revea led that a group 

of granitic rocks and quartz- pyroxene- plagioclase granul ites of intermediate quartz­
d io ritic composition constitute the major rock types. Pl agioclase- pyroxene granu­
lites of bas ic composition and pyroxene-rich granulites, a lthough we ll distributed, 
are less common. T hese rocks are intim ately banded, often in a regular manner on 
va rious sca les, so as to produce a large-sca le banded complex subho ri zonta l in 
attitude. 

The mineralogy of these rocks is simil ar to that of the charnocki te seri es in the 
type area at M adras, India. In this area, however, cha rnockite nomenclature is not 
used since it is felt that any new interpretation or application of charnockite nomen­
clature to the M ount Wright pyroxe ne granulites may lead to preconceived notions 
of their genes is. At the sa me time, however, refe rence to older works dealing with 
high-grade pyroxene-bea ring metamo rphi c rocks, necessitates, on occasion, usage 
of the term 'charnockitic ' when referring these rocks to those of the type area. 

As there are differences of opinion concerni ng the genesis of the rocks form ing 
the charnockite seri es in the type area itself, great ca re mu st be taken in applying 
the terms 'charnockite se ries' or 'charnockite suite' out ide the type area. There is 
in fac t a strong case fo r not using the te rms, as va rious workers, in o rder to attach 
some genet ic, textura l, o r compos itiona l link to the pyroxene-beari ng granulite 
fac ies rocks th at they have encountered e lsewhere, have appli ed such terms as 
'hypersthene diorite', ' interm ediate rock', ' hybrid dio rite', 'bas ic charnocki te', 
' bahiaite', and 'bikremite' to va riou eq uivalents of H o ll and 's charnockite se ri es . 
T he term 'hypersthene gra ni te' or 'hypersthene melagranite' could repl ace the term 
'charnockite in sensu stricto', but a clear and acceptabl e system of nomenclature i 
urgentl y needed for the more basic and intermediate pyroxene-bea ring granulite 
fac ies rocks. Th is is especially so in view of the various uses made of the term 
granulite. 

Greater emphas is should be placed on the pos1t1on of pyroxene-bearing 
cha m ockitic rocks within the minera l and metamorphi c facies cl ass ification. They 
fo rm an integral unit within a greater fie ld , which includes leptynites, khondalites, 
and high-grade ca lc-s il icate rocks. T his i the fi e ld of the granulite facies whe reby 
rocks of various composition and origins have reached equilibrium under given 
temperature, rock-pressu re, water-pressure , and water content conditions. T he 
question as to whether these rocks a re produced by so lid-state recrystall ization or 
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by crystallization from a liquid phase under high temperatures and pressures then 
becomes a less important factor with regard to classification, while at the same time 
problems arising from origins will not cause such great confusion when these 
are considered. 

The term 'graoulite' has been applied to pyroxene-bearing rocks of inter­
mediate aDd basic composition that have been formed at the granulite facies level 
of metamorphism. These rocks of a medium to fin e grain-size have an equigranular 
granoblastic or nematoblasti c texture depending on the development of mineral 
linea tion. The grain bounda ri es are interlobate. The pyroxene-rich granulites have 
a mo re inequigra nular poikiloblastic tex ture while the granitic rocks are medium 
to coarse gra ined or pegmatitic, with a texture varying fro m granoblastic in the 
medium-grained representatives, to an inequigranular granitic texture in the coarse r 
grained granitic rock . On the basis of their texture many of the granitic rocks 
ca n be termed acid granu lites. The autho rs rea lize that the term granulite has been 
used in different senses by French, Germ an, and Scottish geo logists, the French 
emph asizing gra in-size and a granitic composition, the G ermans gra in-size, texture, 
metamorphic grade, and composition , and the British texture and bulk composi­
tion . On the other hand , Eskola ( 1952 , p. 142) has called for all rocks belonging to 
the gra nulite facies to be termed granulites. Tn this report the authors have called 
the bulk of their rocks granulites in view of their textural characteristic and meta­
morphic grade. 

The minera l assemblage of the granulites was produced under pressure­
temperature conditio ns of the hornblende- bi otite granulite subfacies of the gra nu­
lite fac ies of plutonic metamo rphism. This assemblage ap pears to have been largely 
table under these conditions. The development of pe rthites, antiperthites , and ra re 

reaction phenomena between orthopyroxene and bio tite took place with falling 
te mperature. Evidence of temperature-pressure conditions dropping to near the 
granulite fac ies a lmandine- amphibolite facies boundary may be indicated by the 
development in places of coa rse r exso lution perthites and exsolved iron-ore st ringers 
in the biotite, and possibly the deve lopment of brown ho rnblende in the more basic 
granulites. The development of the hydroxy l-bea ring minera ls in both the granu­
lites fo rmed by solid-state recrystallization and those fo rmed by crystalliza tio n out 
of a largely liquid phase, indicates that sufficient water was present throughout the 
who le complex. The add itiona l implication is that temperature and wa ter-pressure 
values were favo urable fo r this water to become part of a mineral phase. 

The intermed iate granulites were formed by the recrystallization of an earli er 
assemblage, the origi nal nature of which is uncertain. This recrystallization took 
place during the fo rmation o f the acid granulites . The relationship between the acid 
and in te rmed iate granulites may be explained in one of two ways; firstly , the 
intermediate granulites may represent a highl y metamorphosed sequence of grey­
wackes veined in a mi gmat itic manner by gra nitic magma th at ca me from an 
externa l source; or secondl y, the acid granulites may be related to the differential 
fusion of the original country rock resulting in the formation of an acid mobile 
phase that was subsequently driven laterall y along ea rlier S-planes to give the 
present banding. In the la tter case the intermediate granulites represent the solid-
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state remnants following palingenesis. In both instances deformation continued 
during the formation of the acid granulites, since these show evidence of re­
crystallization. 

The basic granulites may represent original horizons of basic tuff, lava, or 
intrusive tongues within a sedimentary sequence, while the pyroxene-rich bodies 
have a composition and relationship that are best explained on a basis of 
metasomatic-metamorphic segregation. 

It is not clear to what extent metasomatic processes operated during the 
formation of the acid granulites. The presence of mafic selvedges and the manner 
in which the acid and intermediate granulites locally are intimately associated to 
produce composite gneisses suggests small-scale metamorphic-metasomatic segre­
gation. The difficulty in ascertaining the relative roles of metasomatism, differential 
fusion, and magmatic crystallization is due in part to the fact that at high tempera­
tures and pressures these processes may have operated to produce rocks of similar 
composition, texture, and spatial relationships. After the formation of the granu­
lites, the region experienced a drop in pressure-temperature conditions along with 
gradual uplift to higher levels in the earth's crust. This change was probably accom­
panied by some slight concomitant mineralogical adjustments. 

Proterozoic sedimentary rocks belonging to a shelf facies of the Labrador 
geosyncline were deposited unconformably on an eroded surface of granulites in 
the Mount Wright region and northwards towards Menihek Lake. Above an 
unknown thickness of micaceous sandstone and sandy shales (now metamorphosed 
to biotite-muscovite quartzo-feldspathic schists and gneissose schist) was deposited 
a sequence of quartzite, limestone, iron-formation, and carbonaceous shales (now 
metamorphosed to quartzite, marble, iron silicate or iron-oxide iron-formation and 
graphitic biotite schists). These latter units retain their distinctive lithology over a 
large area and as such are excellent marker horizons when one is analyzing the 
structures produced by the Grenville cross-folding. 

The graphitic schists are overlain by hornblende-bearing gneisses and schists, 
which are thought to be metamorphosed equivalents of either the gabbro bodies 
or basic volcanic rocks that occur to the east of and overlie iron-formation in that 
part of the Labrador geosynclinal belt lying north of the Grenville front. 

At some date prior to the Grenville orogeny the rocks of the Labrador 
geosyncline were folded about axes parallel with the length of the geosyncline. 
Thrust faulting took place with overfolding westwards. During this period, meta­
morphism increased along the eastern margin of the geosynclinal belt. Prior to the 
Grenville orogeny there was possibly a period of erosion and uplift. With the 
onset of the Grenville orogeny, the basement granulites and the overlying Proter­
ozoic deposits to the south of the Grenville front were metamorphosed at the 
almandine-amphibolite facies level. At the same time the major stress axes pro­
duced complex cross-folding. 

To the north of the Grenville front the granulites have retained their distinctive 
characteristics except for minor retrograde phenomena related to two periods of 
uplift (pre-Proterozoic and post-Grenville), and also to the minor fringe effects of 
the Grenville metamorphism. 
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