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The labrador Trough (an iron-rich bel-t, of Proterozoic rocks)passes into the Grenvil-le Orogenic lìrovinee near T.[ount rr,lright, eu-ebec,The Froterozoic .metasedimentary sequ.ence inclu-des gneisses] 
"áhi.t",quartzite, marble, and jron formation, and overlies Archean rocks of thepJEoxene granuÌÍ-te facíes. The F?oterozoic sedinents folIow sedimentar¡rfacies zones which refl-ect the shape and depth of their depositiona'lbasin. Gabbro si-lls Íntrude the Proterozoiõ rocks" This itresis d-escribesthe geology of the region wj-th special reference t,o the effects of theGrenvil-Ie Orogen¡r on the Àrchean basement anci labrador Trough rocks.

The Grenville metamorphism ranges from greenschist to mid-dl-e
alrnandj-ne amphibolite fa.cies in the area studied, The Gr.envi-l-le T"p"conditions resulted in progressir¡e metamor.phism of the Proterozoic rockst¡ut in the dêstructi-on of ùhe originally higher gra<ie assemblages in thegranulite and gabbro"

J{ cur"sory study is mad-e of the p}agi-oc1ase, biotite, hornblencì,e,garnet, and p¡rroxenes of the various rock unit,s" Th; conposÍiions of
orthop¡zroxene and clinopyz.oxene coexisting in i-ron format,ion, ancÌ ofcalcite coexisting with doLonü-te in the inãrb1e åre studied in more cletaj-l_"

The P'oterozoie rocks are deformed by two, approximately per-
pendj-cuJ-ar, fold systems" At l-east one aclditj-onal- óf¿.ã* sysiem deformsthe ¡+rchean rocks. The structu-ral geology of the region is d-iscussed., an¿stereonet diagrarus are pï'esented to il-luãtrate ühe gãoiraetr;, of the struc-tures formecl b;r the cornplex folding. The stru.cturai pattern govez.ning theoccurrence of the iron d-eposits is describecl., anci an àpplicatlon of thispattern in prospecting foz' new deposits Ís suggested-"
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CTAPTE,B I

]NTEODUCTTON

This thesis i-s a study of petrological and structr:ra1 changes

in some Ia,brador Trough sediments, and in the underlying Archean rocks,

as they pass into the area affected by the GrenvilJ.e 0rogeny, The study

rsas eâde in the Mount lrlright region of Quebee where the l¿brador Tbough,

the Superj.or Structural Province and the Grenville Structr¡ra1 Province

come into contact with each other.

The locatíon and geological setting of the area studied Ís

shown in Figure 1, It includes three nap sheets; a single northern sheet

(irlornanviLf,e Area).u ad two adjolning sheets ín the south (Gras Iake-Fe1ix

Lake Area), The area betv¡een the two parts has been mapped by }&rphy

(Lg5go 1g60),

The Nornanville Area is bounded by latitude 5ZoU5¡N and 53oOOtN,

longitude 63o3OtW on the west, and slightþ overlaps the Quebec-I¿brad.or

border on the east" The Gras lake-Felix l¿ke Area ís nainly bounded by

longitudes 66o3o8w an¿ 6?o3otw, ."d latltud.es 52ot5r¡¡ anð, 5zo3otl,t, brrt *"
extended slight'Iy south of Gras Lake, and north of Felix l¿ke to include

l.srown occurrences of iron forruation that would not otherwise have been

riapped" In aIL, the area covers about 1@0 sqr.rare miles,

The napping, on r+hich the thesls is based, was done for the Quebec

Departnent of Mines as part, of their program of providing geologícal i.nforrp.-

tion on areas of current eeonomic interest" The fieLd. v¡ork vras done in Èhe

srunmers of Lg59o L96O, and 19ó1" Pace and eompass traverses were run at





'I '- ..^;-- 1-;r^ 
"i nile interval-sr uù¿r¡¿i a ,¡rrrç I inch aerj-al photos as ground control ,

I'ield- data r""'ere pJ-otted- on ! nrile ; l inch base maps, and. geologica.l maps

r+ere published. on a l- rnil-e scale (Clar"ke L960, L96I, 1963),

Ackirowledgements .

The author is indebted. to the Suebec Government for financing the

field work, and providing thin sections and chemical anal¡rses, and to the

University of lt4anrtoba for providing the facilities and financial aid needed

to prepare the thesis" Individu.als directly involved in its preparation

include geological assistants A, Jepsen, K" Lu.ff, J" Cassi]s, and- R. Diffen*

!-'onh ¡-Ä "Fl.oci s Conrmi-ttee members Il ,Ð,8. Wilson, l',J.C" Bri sbin, and R"B,

Ferguson of the Uni-versity of I',íanitoba, and- P" Sjauve of taval- Un-i-versit¡r,

who read and criticized t,he nanuscript.

Previou-s -l¡{ork

htblications on the area inclu"de a d nile : 'l i nch geological map

by uu.ffe1 and- Roach (L959), ard stuclies of the mineralogy of the iron for-

mation by liiuel-ler (fg6O) and Krank (196f-) " Theses, involving detai-led study

of parts of the area, have been writt,en by Gross (l*955), Gleeson (1956),

Krank (L959), Spatt (L959), and Jackson (Lg6z).

Reports of assessment work i-nclud-ing dianond dril-l logs, and- geo-

logicaÌ and geophysical maps of manJr of the j-ron cleposits were al-so avaj_l_-

able to the author" These reports and. theses provided details that the

author could not har¡e col-fected in his own worku

The geology of nearby areas have been descr-i,bed. b¡r Gill et al-. (W3f ),
Phillips (L95s, 1959), IíracKean (L959), t'lurphy (.Lg5g, l960), Gastit and. Knowt-es
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(uóo¡, Klein (1960), and sínclair (19ó0, 1961)"

Geoloeical Settine

In the Mount !ùrÍght-Mount Reed regi.on, Proterozole sedl¡rents of bhe

I¿brador Trough, and the basement rocks on which they }le, pass i-nto the

Grenville Structural Province and. are ínvolved 1n lts netamorphism" The

sedj¡rents, although metamorphosed, retain n'rany of theír original characteris-

tics" They resenble the less-altered trough.rocks in composition and strati-

graphic sequence, and show sedirnentaqr facies changes, grading soufheastward

from shelf deposits to rocks deposited in a quieter offshore envj.ror¡nentn

In their present metamorphosed form, Èhey are gneisses, schist's, and recrys-

talliøed quartzite, narble, ard iron fornatfon'

Part of the northern area lies beyond the Grenville Front, and here

the rocks are Archean h¡rpersthene granulite, ad a ferr¡ s¡nall outliers of

un¡netamorphosed Proterozoic grit ard iron formation" The GrenríIle Front in

Èhe present area is a metamorphic gradient whj-ch raj-ses Èhe roeks fron the

niddle greenschist to the middle al¡randine anphibollte facies j.n a d.istance

of approxinateþ 12 miles" ït is aecompanied by a strong negative gravity

anonal¡r, indicating a much deeper dÍsturbance than would be suspected from

the sr¡rface geology"

At this pojnt, it is weLL to review the Snportant features of the

I¿brador Trough and Grenville Province, so that the present area can be seen

in reLat,ion to the regional geology" Much of the naterial in this review

comes from Harrison (1952), Murphy (1961), and Gross (1961),

T"abrador Troueh

The I¿brador Trough is a folded belt of Proterozoic rocks exbending
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south from the northr,¡estern eorner of Ungava Bay to slÍghtly north of Wabush

Lake, a distance of sone 600 miles. The rocks are folded and thrust towards

the westu gentþ on the western side, but with increasing lntensity to the

east" Near -i{abush b.ke t,he belt sw'ings southltrest to Iake lhstassiní, 3OA

míIes arìrayo For the fi-rst half of this distance the sedj¡nents were involved

in the Grenuille Orogeny, and are highþ metamorphosed and deformed. Farther

southwest they lie beyond the Grenville Front and are flat-lplng and unmeta-

morphosed" Iron formation occurs throughout most of the Proterozoic belt.

The sedÍ.nentary series, i¡r which the iron fornation occurs, is best developed

in the western part of the belt; in the central and eastern parts, it is

less abundanto and interlayered with basi-c si1ls and voleaníc rocks.

The western border of t,he trough is narked by an unconformity be-

tween Árchean gneÍsses and granitíc rocks, and the Proterozoic sedi-ments of

the trough" The eastern border is dlfficuJ-t to define as the sediments are

sheared and meta¡norphosed to resemble the older rocks beneath them"

In most places, the Proterozoic rock succession consists of grey

to greenish bl¿ck slate (¡ittifamagen)¡ overlain by orthoquartzite, arkosÍc

quartzite, conglomerate and grit (lriishart). ThLs in tr.lrn is succeeded by

red to grey black slate and iron formation, (nutn ard Sokonan) and. by black

slate and grey to greenish argillÍte (Menihek)" Dolonite (oenault) occurs

beneath the quartzite ín the Knob I¿ke and lviistassÍní Areas and above the

iron fornation near Ungava Bay" Formation names given here are frorn the

Knob Ï¿ke Area, and do not apply to forsations thrrcughout the trough,

GrenvÍ]-le Province_

The term lrGrenville!8 uas first used as a series nane by Sir William
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Logan to apply to a sequence of crysfuùline lj¡estone and gneiss that occurs

in Grenvjl-le Tovmship, Province of Quebec. Si-nce its initial use by Logan,

the na¡re has been used to denote tecionics, lithology, locati-on and tj-¡ne,

I{ewitt (lçSl) has surn¡narized. the ways in which he believes the te:sr ttGren-

ville¡r should be used. He writes:

r?The rtGrenville provi-ncett is defined geographically as the area
lying southeast of the rrGrenvill-e fnrntü, it i-s a structural
and tectonic unit, and is coincident i^rith the rrGrenville orogenic
beltrt. The Grenville pr'ovincee as constituted at present is that
area of the Canadian Precambrian Shield which was ùlrectly in-
volved in the moirntain buildirrg of i;he Grenville oncgenic cycle
whi-ch apparently culminated with the intrusion of granites and
pegnatites and a period of deep-zone regional metamorphism, about
one thousand nillion years agoo The Grenville province carmot be
defined as that area in i'rhích the Grenville series occurs, because
it has become apparent that the term rrGrenvilletr really has no
defi:red stratigraphic value; the Gren',ril-l-e is noì; a time strati-
graphic unit but rather a poorly defined lithologic assenblåge,tr

The nature of the northv¡est Ljririt of the trough referred to as i;he

Grenvi-I1e Front, i-s not everywhere the saJneo In places it appears to be a

southeasterly dipping thrust fau1t, but elsewhere, it is a metarnorphie zone

of variable width. Essenti¿ùIy urunetamorphosed rocks of the Labrador Trrcugþ

have been traeed as far south as Sawbill Lake. There is no exposure i¡inedi-

ately south of the lake, and where they outcr"op again, a few miles ãwdy,

they have become metamorphosed (Gr.oss, 1t61). The meta¡aorphic gradÍent also

crosses 'bhe Nomnanvil-Ie Ârea, r,¡here j-t can be traced -v,rith intermitteni outcrop

from the midd.}e greensehist to the m1ddJ-e alraandine amphibolite faciesu

Age d.etertn1nations, based. on the potassiumr/argon content of nicas,

indicate metamorphi-c ages of about 2400 to 2500 Írill-ion years for the Archean

Basement rocks, 1550 tnillion years for the main part of the Labrador Trough,

and 900 to 1100 nrillion years for the rocks involved in the Grenvj-l-Ie Orogeny

f- - ral¡\
fjJeecn e]] at_,, LYoJ ) "
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cHAmm r,r

GENERAL GM]OGY

All the bedrock is heca¡nbrian in age" It can be diuided into the

following groups;

l) Arcìrean granulitesand the rocks that intmde them,

a) Uain:y Proterozoic gneisses, schísts, and. rLignatite,

3) The Iron Fornati.on Series composed. of tr{arbIe, euartzite, and
Iron Forr¡aÈlon, and equivalent, to Èhe Ðolo¡qite, Chert, and.
Iron Formation of the l¿brador Trough"

{) Igneous rocks i¡rtrusive into the above groupsø

the locati-ons of Èhe nain rock groups are sho¡,¡n in Fígure 2" Be-

cause the stratigraphic suecession and metanorphic grade change within the

area, relationships betr'reen the various rock t¡rpes are best represented by

a seirer,efic cross-sectíon, such as Figure 3,

The Arehean rocks und.erlie most of the area norÈhwest of the Gren-

vj.lle Front" Tbey consíst of h¡persthene-and augite-bearing granulites,

grauitic rocks injected into the granulites, and. mignatite formed by the

mixing of granulite and injected ¡naterial"

Granulite also oceurs along an east-l'rest belt in the southern half

of the Gras lake-Felix Ïake Area" The Grenville metamorphism has altered the

southern granulite, but has not completely destroyed its hypersthene or

granulitfe appearancee In strongly alt,ered sarnples the hypersthene ls re-
placed by elusters of fine-grained red-browr¡ biotite, quartz, and garnet, that

give the rock a characteri.stic speckled terbure,





N
O

R
T

H

ïA
cK

so
N

 L
,q

K
E

B
O

U
LD

E
 R

LA
K

E

M
O

U
N

T
 W

R
IG

H
l

K
IS

S
IN

G
 t,

qK
E

@
L

\Ir
on

 
F

or
m

qt
io

n

-L

u R F L- N V i

A
lb

ite E
 p

 i 
d 

of
 e

S
ch

is
T

1'
ô 

on
d

-ì
 

,ç
ry

ao
" 

6r
¡f

4 
{.

c
c 

''-
,f

4\
o

,,ì
 L

L-
^ 

ô\
+

o
\¡

oÞ
Þ

ro
 

1'
1, 4'

1o
A

rc
he

on
 

\
I 

n-
t 
r 

u 
s 

io
n 

s 
I

G
rq

nu
lil

e

LA
K

E
 C

A
R

H
E

II.
- 

f¡
nu

rp
hy

 lq
¿

jl

O
uo

rf
z 

M
on

zo
ni

fe

E
\

F
'

I R 0 N T

\5
o,

,
Q

uo
rt

zi
te

S
O

U
T

H

P
oo

rly
 S

eg
.e

go
*e

d 
G

ne
is

s

G
R

A
S

 L
,q

K
E

or

S
O

U
T

H
E

A
S

T

F
E

LI
X

 L
A

I{
E

bo
nd

ed

ì 
- 

G
ob

br
o

g.
1'

L

2/

/-
-

,'-
,/'

 
W

el
l S

eq
F

eq
ot

ed
,''

 
G

ne
is

s

k,
 ìì

-q
-l-

1-
., 

c 
Ä

^^
^ç

*\
1 

0 
,

*?
;' 

* 
u 
ì"

.-
"'

a/
h 

/Y
 ''

'\

'n
A

l+
er

ed
 G

ro
nu

l¡t
),

l{ 
- 

R
 ic

h

l-

n

¿ l (

M
ef

qs
om

ot
iz

ed

' 
G

ne
.is

s

G
ro

nu
l¡t

e

'I 'ì
\

. 
t,

l-n I r* P F
-- t.. ? rn I l*



10

ProterozoÍe rocks include lower gneisses, the Iron Forniation

Series, upper gneisses and schists, and the granite and gabbro whieh in-
trude them" The lor,uer gneisses ean be classjJied on the basis of meta-

morphic segregation of their nafic and felsic constituents" In gneisses

v¡ith a ftwelf segregatedll texbure the mafic ard felsie ninerals are part,ly

separated into speckles, lenses or bands. The biotite is more tabular

than flaþ, arrd is not orj-ented in a singre plane, so fissi-lity is pooro

Both biotite-rich and horrrblende-rich types are coruiono

In the poorly segregated gneiss there is little separation of

the mafic ar:d felsic ¡ninerals" The mica is f1aþ, and the rock has good

fissility'. iuiuch of the gneiss directly under the Iron Fornation Series

contaj-ns felsic bands or porphyroblasts in an othenrise unsegregated.

grourdmass" The felsic segregations are separated from the rest of the

rock by a ¡¡afic selvage,

The degree of segregation of a gnei-ss reflects the amount of

metamorph:ic remobj-Lization it has undergone" The poorly segregated

gneisses are Proterozoic paragneisses and are apparently confornable ¡çith

fhe overlying lron Fornation Series. The well segregated gneisses were

probably derived from sj.milar sedi-nents, but rnay also contain some com-

pleteþ recrystallized Archean rocks. The well segregated gneisses are

most com¡non in the Gras l¿ke Area, and western part of the Felíx l¿ke

Àrea" Most of the Proterozoic gneiss in the Norrønville Area is poorly

segregated"

North of the GrenviLle Front the Archean basement is overlain

by a grit or schist, containing fragnents of quartz ard feldspar in a

uatrix of epÍdote, chlorite, and fine-grained secondary quartz and albite"
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Ä thin layer of slightly raetarnorphosed j¡on fornp,tion overlies the basal

grit. The Proterozolc seguence is mueh thinner here than farther south"

The Iron FornatÍon Series is composed of marble, quartzite, æd

iron fornation, It ís thickest i¡ the southern part of the Normanville

Area, thin:n:ing gradually southeasturard, and pinching out over the Archean

rocks to the northwest, Near Mount hlright the iron formation is rnainly

of the oxide facies and is associated with quartzite. These formations

thin to the southeast, or pass i¡ito marble and the silicate-carbonate

facíes or pJrroxene-chLorite-carbonate facies of iron fonmation" Jn the

southern part of the area the whole Iron Fornation Series is on.}y about

10 feet thick"

North of the Grenville Front the iron fornation is thin and

only slightJ-y metamorphosed" It is composed nainly of guartz, magnetite,

siderite, and some stilpnonel-ane. Fibrous gruneríte arul poikilitic garnet

first appear near Boufder lake" The silicate-carbonate facies in the

southern part of the area is composed of quartz, h¡rpersthene, diopside-

hedenbergite, magnetite, ard dol-omite'

In the Gras trå.ke Area the Ïron Formation Series is overlain by

a rusty-rreathering graphitic gneiss" The rusty-weathering gneiss exbends

norÈh to the southern border of the Normanville Area, ¡¡here it changes to

conmon unsegregated gneiss" Other distincÈive rocks above the iron forma-

tion are a quartz-mÍ-ea-þanite schist, and a p¡rroxene-hornblende-garnet

rock" These rocks are interlayered r,v'ith poorly segregated gneiss" They

are best exposed in the central part of the Gras Iake-Fe1ix l¿ke Area"

Gabbro sills intrude the gneisses and lron Fornatíon Series

throughout the are¿. The gabbros are conmon in the Nornenvil-le Area, and
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abundant near Fe}ix lake, where they are aecompanied by ultrabasie, acidic

an¿ i-nternediate dlfferentiates. The gneisses near Felix l¿ke are micro-

ch¡re-rich and were apparently baked and uLetasomatized by fluids emanating

from the gabbros, Sone of the gabbro in the northern and western parts of

the area is recrystallized to amphibolite, Near Felix Iake, the altered

gabbro is more highly metamorphosed and contains pJ¡roxene in place of

anphibole" Quartz monzonite and some peguratite j-ntrude the l-ower gnei-sses

and. Iron Formation Seriesu These granitic intrusives are probably the

prod.uct of remelting and injection of gneissic material during the Gren-

ville Orogeny" No Proterozoíc intrusions Trere recogni-zed north of ttæ

Grenvi-l]-e Front.
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CHAPTER TI]

ARCHEAÌ{ ROCKS

ïntroduction

The old-est rocks of the area are Archean DJrroxene granulites an¿

the acidj-c rocks intruding them. They underlie the Proterozoic sediments

at' the base of the Iabrador Trough between lvlount 'xright, and idabu-sh l¿ke

(ea'ae et al" u L96Q; Fahrig, 1960)" They occur north of the Grenville Front

in the Normanville Area, and south of the fr.ont in t,he southwestern part of
the Gras lake-Felix I¿ke Area"

tì'adioactive dating of these granulites shows metamorphic ages

between 2365 and 2500 nlllion years and simÍlar. to the ages throughout the

rest of the Superj"or province (Leech et al_" , 1963) "

The granulites in the irTormanville Àrea v¡ere not great,ly affected_

by the Grenvil-fe 0rogeny. Hor,.,rever, in the Gras ]¡.ke-Felix lake Area, they

were remetamorphosed and rnost of thej¡ hypersthene is replaced by biotite,
quartz, and garnet.

The petrology of granulites and rocks of the charnockitic suite has

been sumruarized by Eskola Ig52, and Subramaniam 1959" The rocks have sjmil_ar

textures and mineral-ogy wherever ùhey occur, and are generally believed_ to
have formed under conditions of extreme temperature and pressure. Their min-

eral-s are typically high temperature forms with more substitution and exsolu-

tion than minerals in the amphibolite facies" They may be st¡ained due to
rearrangernent on cooling. The foll-orrring properties characterize ttre minerals

of the granulite facies (Eskora, rg52t subramanian, rg5g);

!¿uartz- Jn hanci specj-man the quartz has a blueish opalescent lustre.
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rn thin section it shows wavy exbincti-on due to the wetdi¡g of many

suall segnients into larger composite gra.ins, Subramaniam (tg59,

p, 334) suggests that the blue iridescence is caused by the d.isper-

sion of light by the boundaries of the rewelded grains,

Plaelocless Tan or brueish grey in hand specirnan, the plagioclase

forms unzoned grains with fev¡ tw"ins. o3o is the most common com-

position in acid and i:rternedfate granul5-tes. Finery intergrovrn

ant'iperthite and mesoperthite (equar parts potassium feldspar and

plagioclase feldspar) indieate a high tonperature of crystallization
(lÊcrrot, 1951)" The dark coLorr is probably caused by the red.uced.

state of fine iron dust in the feldspar, and can be lightened by

soaking the rock j¡ warm hydrochlori_e acid.

lolagslqm leLde¡Br The potassirrm feldspar appears to have been

originally unt¡¡irured orthoclase" ivlicroeline twinning d.evelops through

the stages; 1) und.ulatory exbincti.on, 2) fine t¡rins in the strained

parts of grains, ad 3) well formed cross i:atched. tw'ins. Hair perthite

and the development of microcline twi-ns from strain shadows are char-

acteristic of the granulite facies.

Gagngt g-rope-rich almandine, with l-ower neÁk ratios than garnets

5-n araphibolite facies rocks of the sarne composition, Garnet forms in
alun-ina-rich granulites or from the reconstitution of orthypyrox€rr€o

Qrlhgpgrsxeng Conmonly hypersthene, it may contai¡r more a}¡n:ina than

is norrrlal i-f the rock is alirrnina-rich. The occurrence of p¡rroxene in

rocks of acidic or j-ntermediate coniposition i-s characteristic of the

granulite facies"

Qqng¡:grgxsng Diopsidic augite,
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$ornþlg@e Bror.trn in thin secÈion and. strongly preocirroie, it is
richer in titania, ferrie iron, and the alkalies than hornbLende of
the anphibolite facies,

þiotltg Biotite nay be either pri-nary or second.ary associated with
the alteration of orthopyroxene or garnet.

Qthers_ l{inor amounts of sflli¡nanite, cordierj.te, or graphite may

occì.rr in some sedi¡rentary granulites, and. apati_te, iron oxides, and

pyrrhotite are cotnnion in charnockltes.

Subranania¡o (f9¡9) reerenined the charnockites of the type area

near l4adras, and redefined charnockÍte as:

tta h¡rpersthene- quartz ferdspar rock, u-ith or isithout garnet, ard
characterized by green:ish blue feldspar ard greyish blue quartz,
the doninant feldspar being mieroperthite.m

According to Subrarianiam aeÍdic eharnockitic rocks can be classi-fied in
the followång types;

1) True charnocki-te (hypersthene granite or birlaemite)"
2) Enderbite (hypersthqne quartz díorite)"

J) HypersÈhene rsquartz syen:lten.

4) Ahskite (a quartz feldspar rock devoid of nafic minerals butgradi_ng into charnockite).

The Archean granulites of the iviount Wright Area show most of the
features of granuliües noÈed by Eskola (tgSZ) ¿¡¡fl g¡þ¡ameniam (1959).

They are essentially eomposed of hypersthene, blue quartz, and dark eoloured

feldspar, arranged in a layered granoblastic texture, They include rocks

of intermediate and. basic composition which are thought to have formed

from older sedimentary and volcanic rocks, respeetiveþ (Roach and Duffel
f96?)" Granitic roeks form generaJ-Ly conforrnable bodies in the granulite,
they are referred to here as Arehean intrusions"
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The granulites north of the Grenville Front v¡ere not affected by

the Grenville Orogeny, whereas, the granulites in the Gras l¿ke-Fel1x lake

Area were partþ recrystallized to minerals of the almandine anphibolite

facies"

.¿\rchean Bocks North of the Grenville Front

Granulite

The granulite north of the Grenville Front is a brovrn to green-

ish brown rock with a medium grained granoblastic texbure" irfinerallayering

is cor¡mon, but the rock l¿cks fissilíty and forms smooth, round.ed outcrops,

AIL outcrops contain some graniti-e rnaterial, which nu,y forrn thi-n layers on

foliation planes (rlate XV-C, p. 134) or eompletely surcound. blocks of the

granulite (t1ate I-A). Ïühere the injected naterial comprises more than

half the rock nass the rock is classj-fied as an Archean mignatite,

Two types of granulite are recognized; intermediate granulite,

conposed essentially of tgrpersthene, quartz and oligoclase, an¿ basic

granulite, composed essentially of hypersthene, augite and and.esine" Both

types have granoblastic texbures and contain h¡4persthene, blueish quartz,

and tan feldspar. In adùition to these minerals biotite and. so¡ne garnet

occur in the intermediate granulite, and hornblende arrd augite occur in the

basic granulite" Accessories are opaque oxides, apatite, zircon ard. rutj-Ie.

The prinary nri-nerals are partly aLtered to sericite, green walitic anphi-

boLe and talc (Plate I-B),

Table 13 in the Appendix gives mineral conpositíons of six thin
sections of the intermediate granulite" Typical seetions have composíÈions

in the rangei 3l+% to 55f" plaeíoclase (Ã"zs_gz), ufi to 12% nicrocline, lgl
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to 24# quartz, ffi to L3'ø Uiotiíe, J5 to IJJå hypersthene VÁ þo M garnet,

and traces of opaque oxide, apatite, and zircon, Alteration of the pri-
riary minerals forms l+% to 8% uralitie anrphibole and. traces of epidote,

chlorite and sericite.

l'H¡reraL conposition of thin sections of the basic granulite is

shov¡n in Tab1e 13 in the Àppendi:<" þpical samples are comFosed. of 2% to

æÁ

âc

opaque oxide, and

2A/o quartz" Altera-

l+L% praeíoclase (olo_¿o) u 6% to rz% biotl-.,e, 5% to w% hornblerd e, ffi Lo

12$ hypersthene, l% to 3L% clínopJ¡Toxene, l& to

traces of apa,tite" Rare saniples contain as much

tj-on of the primary minerars may produce as much as 5% of any of the

secondary ralnerals uralite, anthophyllite, epidote or talc, The basic

granulite differs from the intermedj-ate type in eontaining primary horn-

bLende and clinopJrroxene, a more calcic plagioclase, and in lacking rnuch

quartz or microcline"

The minerals of both rock types show most of the features of the

granulÍte facies listed earlier. Their quartz is blue and their feldspars

tan to grey in colow. irost sarnples contain h¡persthene, In thin secÈion

the quartz grains are seen to be made up of nany smalI wel¿ed segments of

sllghtly different orientations" The plagioclase is unzoned.u Some grains

contain both aLbite and perieline tw-ins" The ùwins are narrow, and. com-

nonly pinch out v¡itkrin the grai-n. }'ficrocline is very finely perthitíe,
general-ly untwinned, and shows undulatory exbinctÍonu The h¡rpersthene ís
pleochroi-c from pink to green, and has anfe+Z/(ne+2 * ¡Ae+2) ratio of about

0"55, The clinopJ¡roxene is light green augite, pri:nary hornblend.e is
greenish bnoum, and secondary uralite blueish green. Biotite forms irregular

or tabul¿r grains, va'ith iight brown to dark red.dish broræn pleochroism, and
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a refractive i-nciex (nr) of about 1"653. The garnet forms large pinkish

brown grainsu One sample had the eelI edge (IL"5i!7 8) ana the refractive

index (1"793), of a p)'trope-rich almandine.

Secondary al-teration products have fornaed on some of the prinnry

m-lnera1s but were never found to repÌace them corcpletely nor to change the

granulitic texbr¡re of the rocks north of the GrenviJ-le Front" The nain

effects of retrograde metamorphism are the breakdown of the h¡rpersthene

and pJ-agioclaseu The hypersthene is eut by veinlets of fine-grained

colourless anthophyllite, and is rj¡med by green r¡ralite where it touches

plagioclase. Tabl-ets of col-ourless cli-nozoisite arxl flecks of sericite

cLoud the plagioclase" i,ücrocline is unaffected by the alteration" In
strongly altered specimens, bj-otite is bleached, and contains sagenitic

rutile. Fine-grained ¡¿ixtures of secordary biotite and quartz replace the

hyperstirene in these samples" Secondar)¡ garnet r'¡as not, recognized in the

granulite north of the Grenvil-le Front"

Archean Intrusions

The Archean granullte is cut by stocks, dykes ard sills of a

med'it¡¡i- to coarse-grained leucocratie igneous rock. The intrusive rock is

best exposed hal-f a mile north of Jackson Iake and in the hj-Ils west, of

Cherny Iake, Gi-1} et al" (L937) describe a large batholith of the rock

about 15 ¡nj-les northeast of the NormanvilLe Area"

Blue quartz, pink microcline, and greenísh plagioelase make up

more than 9V/. of the rock, the rest beir¡g biotite ard secondary epidote

and serieite. fn coarse grained samples the feldspar cleavage is visibty

warped,



20

Composition estjrnates of eight thln sections are given in Tab1e

14 in the Appendix" A typical rock of this t¡.pe contains about þJfi pJ:agJ--

oclase, LU/. to 15% nicrocline perthite, LO% to ZJ'l quarLzu 5% to LVÁ

biotite, and traces of ¡r¡rscovite, epidote, magnetite, apatite, sphene, and

leucoxene" A pi-nk pegmatitic or aplitic phase contains 50% to 60Ø mícro-

c1i-ne perthite, IØ to 2ffi plagroclase, 2O% Lo 3ffi quartz, and generally

less than 5% nafjc minerals"

Thln sections show large quartz grai-ns composed of many snall

welded segnients, The nicrocline has shadowy erctinction or is very finely

twirrned, Fl-ame or hair perthite forms about one-third of its volurne, and

cLear albite rims the raicrocline where it is in contact ¡r¡ith plagioclase"

i{ost of the plagioclase is aLtered to sericite or clinozoisite" Pi.agio-

elase compositions range from An2 to An35t but are generally less calcic

than An2g. Biotite occurs in both pri-rirary and secondary forms. Most of

the prùnary biotite is reddish brown, and some is frayed and altered at

its edges. Fine-grained euhedral epidote, olive green biotite, chlorite,

quartz, and sphene fill fractures and pockets between the coarser grains"

Charnockites ard. granulite facies rocks aLL show nineralogical

features developed in response to high tenperatures of fornetion, or from

internal strain caused by cooling from these temperatures, Fine perthitic

intergrowths, shadotrry exbinctj-on, and warped cleavages result r¡-hen ortho-

clase inverts to microcline" BIue iridescenÈ quartz grains, rnade up of

many subparallel segrnents, nay also result from internal strain" The

pri-mary minerals are colmtonly altered to lower temperature secord.ary

minerals on cooling, The Archean intrusions of the NormanvjJ.le Àrea have

al] these featwes ín colr¡aon ¡rith other high temperature intrusíve rocks"
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Á.Ltered Archean Gneiss

Sone of the Archean rocke near the northern border of the Nor¡nan-

ville Area are too altered to be grouped r/¿:ith the other basement rocks,

They contain variable proportions of nafÍc and felsic constituents, depend-

ing on the eonposition of the parent rock, but all types are characterized

by altered plagioclase, fine green nafic alteration products, and blue

quartz.

The m:ineral composÍtions of six thin sections of the altered

gneiss are sho¡nr in Table 14 in ttre Appendix" A typieal sample contains

r+4% ro 52fr plasioclase (nn25-3g) u 7% to zr'Ã quaú,,, 6% to rØ orive

biotite, 5% to l5Ø epidoteo Ø to 5% hornblende, A% to L5;fi augite, O% t"o

5% opaque oxid.e, and. sniall amounts of apatite, zircon and rutile" Altera-

tion produets such as epidote, uralite, sericiüe, anthophyllite, chlorite
and sphene or leucoxene generally torra Zffi to z5/" of the rocku

Primary constituents resembLe those of the Archean granulite or

intrusive rocks" The quartz is blue, the microcline is perthitic and. rini-
r¿ed with albite" Plagioclase is cl-ouded rrith fine elinozoisite and sericite"

Hornbl-ende is brovm" The biotite is olive brown and full of fi¡re sagenÍtic

rutile ' Tt is the fine-grained alteratj-on nr-inerals that, give the rock its
distinctive appearârlc€ø The augite i-s ever¡rwhere ri¡rned i^rith anthophyllite

and ural-ite. Fine-grained biotite, epidote, quartz, and. carbonate form in
poekets between the coarse erystals, or in places surround. them.

Itlhy this part of the Archean gneiss should be nore altered than

others is not certain. TÈ occurs farther from the GrenviLl-e Front than the

less aftered granulites, However, it occììrs close to outliers of slÍghtly
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metanorphosed Protevozoj:c epidote schisü and. grit, with r¡¡hich j-t bears a

strong mineralogieal resemblance" The altered gneiss may have been

u¡eathered, or nåy have adsorbed. water during the pre-koterozoic erosion.

Ïf so, it represents a regolith betrseen the Archean and proterozoic rocksn

The Archean granulite also occurs withín the Grernnille Structural
Province" Here it is locaüed along an east-r¡est trending zone, stretching

from near the I'foisie River to the areass v¡estern bord.er at about latÍtude

52o2otü' Good exposures are found in the hills southwest of Bergeron I¿ke

and 'west of Leduc lake.

As in the area north of the Grenville Front, intermediate, basic

and acidic granulites were derived, respectiveþ, from sedimentary, volcanic

and intrusive nateriaL. However, in this part of the area no attempt was

rnade to separate the groups,

The granul-ites resemble the northern ones irr many wå.fsø They are

light brown rusty-weathering rocks with a compact granulitic texturen

Fissility is poor and' the rock tend.s to v¡eather into smooth rounded outcrops,

Thin granitic layers are injected along foliation planes at j-ntervals of
several inches to a foot' Injected rnaterial- makes up about 15Íá of most

outcrops, ard j-n places completeþ encl-oses blocks of the granulite, Garnet

may form at' the edges of granitie layers. The granulite is more contorted

here than it is north of the GrenviJ-le Front, PLate II-¿l shows the appear-

ance of a fypical outcrop of granulite in the Gras I¿ke-FeU:c l¿ke Area.

Hand speci¡nens of the granul,ite contain the same blueish grey

quartz, tan feldspar, and granulitic texLure that characteríze the less
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lr - Ûutcrop of contorted. i\rchean granulite oceur"ring sou'th of the Grenville
Front.

_B_ -v-

B - Hypersthene in Archean granulit,e, partly replaced by secondary biotite
aäã garnet" Parallel light, nøgnification 180x"

c - 0lusters of secondary biotite and. garnet Íormed by eomplete replacement

oÍ hypersthene in al-uered. /rrchean granulite, south of the Grenvil}e
¡'ront. Parall-el light, magn-tfiea't'ion 3Oùc"
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aLtered t¡rpe" Here, however, the Grenville metamorphism has converted

most of t'he hypersthene to fine-grained biotite, quartz, and garnet"

Complete repJ-acement of the pyroxene leaves a rusty-rr,'eatherj:ng gneisse in
which fine-graj-ned clusters of bi-otite, quartz and garnet remain in place

of destroyed p¡rroxene" Erccept for its texüure, the altered granulite

reserrbles some of the unsegregated Froterozoic gneisses, and. continued

recrysÈarlization night make the two indistingrrlshabre"

Ïn thin section the rock has a disordered texture" Rearrange-

nent is 5-ncomplete and j¡ addition to the fine-grained minerals replacing

lrypersthene, feldspar and garnet contain niany inclusions of quarta ani

bioÈite. The fine-graJned aggregates of biotite and quartz are generally

ri¡ned with garnet, and i¡r some sa-mples, contai-n rennants of strongly

pleochroi-c hypersÈhene" The m:icrotexbure of an altered granulite is shown

in Pl-ate II-8, and Plate II-C shous clusters of secondary biotite and

garnet formed by replacement of krypero-Lhene"

Visual esti:nates of the mineral eomposition of eighteen granulite

thin sect'ions are given in Table 20 fu the Appendi:c" The average altered

granuu-te contains 40Ø +,o 55% pl:aeioclase (enra), Ø to S mícxocríne, ffi
to 23% quartz, 6% to ZtfÁ btotihe, Zfi io lV. garnet, Ø to 3/" hy-persthene,

perhaps some cl-i-nopyroxene and epidote, and traces of apatite, magnetite,

pyrite, zi.rcon, and sphene. The nineral compositi.on of the group is more

variable than that of most other rock types because it includes both inter-
nediate and basic granulites, which are affected by varying d.egrees of

alterati-on.

The feldspar is cornnonly strained; twins pínch out or may end

abruptly againsÈ a fracture, ard, benù truins are corm.or,lo Sing1e plagi-oclase



grains contain both afbite and periclile twins. The mi-crocli-ne shows

eiùher even or shador+y exbinction, Perthitic intergrowbhs are rare, and

relatively coarse grained" Biotite occurs both as coarse prinrary graÍns,

and with garnet and quartz i-n fine-grained. clusters replacing the p¡ryox€ress

Both types of biotite are pleochroic from light, yellow brown to red bror*n,

and their inter¡:ediate refractive indices (n1) vary from t,6lþ3 to I"655,
Some biotite is aftered .to chlorite w'ith intergrown rutile, or bleached

green near fersic bands" The hypersthene is pleochroic from pink to
green, or rnay be stained. rusty brourn" Refractive indices of four
hypersthenes ind.icate the composition range re*Z/ (ren2 * Ifg) = 0.35 to
o'h2" The refractive indices (na and n2), measured on cleavage flakes of
one clinopJrroxene are L"692., ard 1,710, Almost alI the garnet is secondary-"

The refractrve i¡rdices of five garnets range from r"?g3 to r"?90, ard their
cell edges range from 11,5ó6 I to ll"59O .R" tn"y are al¡randines w.ith more

grossularite anå less p¡rrope than the prirnary garnets in the fresh granulite"

¿lteration and Qlqemical Composition

The grad.e of GrenvilÌe ¡aeta¡rorphism increases from very weak in
the nortlrern parù of the Norrianville Area to the almandine amphibolite

facies farther south" The Archean rocks of the Norranville Area 1i-e beyond

the nain i-nfluence of the Grenville netainorphisr:n" Thei-r secondary minerals

are all very fine grained and. have grown on the granulite facies mj¡rerals

in¡ithout appreciably altering the composition or texture of the rock.

The granulites of the Gras lake-Felix I¿ke Area Lie well into the
Grenville hovince, anl underwent strong repeated meÈa¡norpirism duri-ng the
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GrenviJ-le 0rogeny, Their texbure and rnineral composition now di-ffer from

those of the i,ionnanvil-le granulites i¡r having;

1) äore complete destruction of the hypersthene"

2) Developrnent of garnet, bj-oti-te, and. quartz, rather than urallte
and quartz from the breakdov¡n of pyroxeneo

3) RecrystaLLization rdrer than saussuritization of the plagioclaseo

The reaetions controllíng these changes are shown in Figr:re 4, In the

Gras I¿ke-FeUx Ï¿ke Area the secondary minerals belong to the anphiboì-ite

facies; in the Nor¡ianuille Area they belong to the greenschist facies of

metanorphism.

Á suj-te of metasedimentary granulite, altered granulÍte, ard

gneiss specimens was analyzed chenlcally to deternine wirether there is

any chemical di-fference between the granulite and gneiss, and to deternj.ne

what chendcal changes accompany the alteration of the granulite" The

analyses were made by H. Boileau of the Quebec Department of llines, TheÍr

results, and pertinent analyses for comparison are given in Table l.
Sediments dj-ffer in eomposition from their source rocks because

of the seLective weathering and deposition of the eroded rnaùerial. The

more thorough the weathering arxi sorting, the greater the difference wíIl
be. The nai¡ chemical changes that uiay accompany sed.j:nentation are

(Bastin, L9l.3t Pettijohn, tg49);

1) Renoval of Na in solution.

2) oxidation of Fe+2 and. Iûcoz"

3 ) Enrich.nenÈ of À1,.,0, in clays.4)

4) Selective adsorption of K over Na, and Frg over Ca in clays"

These changes result in íncreases in the ratios, KrO/Wa2O, Fe2O3/VeOo
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ï¡iE1/CaO, ano in t,he.{12û3 contents of sediments as their detrital portion

is weathered into clay" Comparison to these val-ues i,..ith the val-ues of

average sedi-räents gi-ves a measure of the proportion of clay in a sedj¡iLen-

tary rock, and a cl-u.e to the origin of an isochemically metamorphosed

paragneiss,

The i.nportant oxj-rie ratios, and the rvater and al-um-imun oxid-e

contents of the analysed samples are plotted in Figure !. The main change

accompanyi-ng the repeated nietamorphism of the granulit,e is the addition of

I^rateru In the last recogni-zable stage of alterat,ion, the granul-ite still

contains l-ess r¡ater than the Proterozoic gneiss. The incoming water rvas

probably accoinpa.nied by potassium, as the gramrlite wi-th the most water

(C-:f-f¿O*6L), al-so contains more K2O 'r,han the others. The other cherqical

data are inconcl-usive" Granul-ite and both well segregated and poorl-y

segregated l-or,¡er gneisses have composítions sírn-i-l-ar to greywacke or sub-

gre;rwacke" The upper schists analysed. for i),lurphy have the composition of

shale.

The granulÍte and gneiss have sj:nilar compositi ons and it is
possible that the vrell segregated gneiss represents completely recrystal-

li-zed granulite. liowever, ihe belt of Archean granuh-te runs east-west

besid-e a parallel s;rns]lntL structure, Folds in the surround.ing gneiss

bend. around, and are generaliy overturned torriards the granulite, It
appears that the granulite folloio's a rnajor ariticlinal axis rather tiran a

zone of r.¡eaker than average retrograde metarnorphism,



ô \¡
l 

i 
.r

, 
'

;'t
 ì

 ' 
.

Ili \ 
i:,

r 
,

\ì, L,
:

l,T
''

i¡ l.l 1l
 

...

iì 
' 

-

I*
 -t

t''

; t.'
:

i :, i 
,::

i.. i '
:i'

j' i..
..-

t'-
.i 

' 
,,'

.
i"'

':"
r:

ì, i: l 
,l

L'
.::

l,:
:ti

, .:

r-
J o è gt

H
O

pñ Þ
o

0a od
- o

úl if 
úr

&
g-

o0
a

P
. 
,l ç4 ñ o o

8E
èq

 
èq

^x
F

vö
cr

¡
--

e-
- 

a IF
¡u

I¡
\)

hÞ
., \ir

 '

Jr
"

...
,"

""
dl

_-
-

A
v,

of
 3

 5
nt

"g
ra

nu
lit

es
(R

oa
eh

 &
 D

uf
fe

l)
c-

25
-L

o8
-5

9

c-
20

-1
0I

-6
1

'rV
ith

 o
rt

ho
py

r€
xe

ne
c-

3r
-r

60
-6

L
tü

ith
 o

rt
ho

pJ
ru

ûx
en

e

D
-l?

-ó
1-

6r

:..
."

,-
 -

 
" 

.. --
e

S
pe

cl
cl

ed
 g

ne
is

s

D
-1

1-
42

-6
1 

g
ïle

ll 
se

g.
lo

w
er

 g
ne

is
s 

H
A

v.
of

 3
 lo

w
er

 g
ne

is
s 

ffi
(I

{,
rr

pt
ry

, 
19

61
)-

 
(n

c-
30

-1
e3

-6
0 

fi
n 

P
oo

rly
 s

eg
,lo

w
er

 g
ne

is
s 

I
lì"

:' 
F

l
-.

 A
v"

 o
f 

2 
up

pe
r 
sc

hi
st

s 
q

" 
(¡

n¡
rp

ny
, 
rg

6r
) 

ñ

6) Ë
 

t'¡

F
H

H
F

d
€ E

t

E
ß

-.
*_

..

qd ts
.

ûc q o \tr

^g
I€

-*
'.-

H
F

Z
t4 F
B

H
H

tr
t

A
v.

 D
io

rit
e

(p
at

y)

A
vn

 G
ra

no
d:

io
rit

e
(u

ar
y)

A
v"

 G
re

yr
'¡a

ck
e

(r
et

riJ
ôi

¡n
, 

lg
hg

)
A

v"
 S

ub
gr

e¡
n*

ac
ke

(r
et

ti¡
ot

rn
, 

I9
l+

9)

A
v"

 S
ha

le
(C

la
rk

e,
 F

oï
fu

 ¡ 
L9

2l
ç)

R U H F
d É 5 m () E
I Þ a Þ l-i r-
<

T
J ç) z E
l1 H &
n m H w

o Ê E
sJ Þ
ü

L¿
J H H F z r€ Þ z F ffi ffi

tJ
)



3I

CI{APTTA, ff

PRqTIROZOTC GNüISSES AND SCHISTS

Introductign

Gneisses are the most cornmon of the local rock types, und.erlying

more than three quarùers of the â.reêo thei-r compositions an¿ tÐrtr¡res

depeni on the nature of the original sedj¡rentary materi.al, and the degree

of metamorphisn or metasomatism it has und.ergoïl€o

Á'lthough they occur at, different places in èhe stratigraphíc

sequencee the different types of paragneiss are discussed together so as

to be more easily compared" The gneisses nay be classified. on the basis

of; 1) cregree of segregation of their mafic and felsic constituents, 2)

stratigraphic position relative to the rron Formation series, and 3)

mineral composition" Two maín groups of gneissic roeks are recognized.,

the eonrnon quartzofeldspathíc to srightly pelitic rocks, and the less

conmon chenrically distinctive rocks that generally overlie the Iron Forna-

tion Series' The quarÈzofeldspathic group is divided on the basj-s of

metamorphic grade and rnineral segregation.
-we]l segregated gneisses occur below the Ïron Forr¡ation Series

in the more highly metamorphosed parts of the êr€êo They may be ei-ther

biotite, or hornbLende-rich" poorþ segregated gneÍ-sses occur either
above or berow the rron Formation series. They have undergone less

reorgan'izati-on than the well segregated gneiss, and generally occur above

it, or in less metamorphosed parts of the areao In the Gras Ï¿ke-Felix

I¿ke Area the gneisses lying above and below the iron forniation di-ffer
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slight'Iy in mineralogy' ln the Norrnanville Area they are the sa.me, North
of the Grenville Front the quartzofeldspathic sedimentary'rocks occur as

only slightly metamorphosed schist and clastic grit"
The cheinicarly d.istinctive rocks includ.e; rusty-weathering

graphitic schist, quartz-nica-þanite scirist, a rock composed essentially
of hornbl,erde and garnet, and a very potassie gneiss" The first three
f¡rpes generally overlie the silicate-carbonate iron fornation, and appar-
enùly formed fron þraphitic or a1r¡¡¡inous sedjments. The potassic gneiss

is assoeiated vrith the gabbros of the Feli:< r.ake Área, ard is thought to
result from potassium metasomatism of the corr¡non gneiss"

iike aIL artificial classi-ficati-ons, this one is sornetimes

difficult to app]y. The degree of segregation is variabre, and the posi-
tion of the gneiss relative to the rron Formation Series is not everywhere

apparent" However, the geology is represented ¡nore truthfully by dividing
fhe gneisses tiri-s røay, than it courd be if the groups were combined.

Quartzof eldspathic Rocks

Outliers of s]ightly metamorphosed Proüerozoic iron formation and

grit overlie the granulite near Bou1d.er ar:d Jackson 1akes. South of
Boulder Take the grit grades i_nto a li-near texbured schist,

The grit contains clastie fragments of blueish quartz, artered
plagioclase, and biotite, from the underlying Archean rocks, held i_n a

matrix of fine-grained. epid.ote, biotite, quartz, and arbite. The scjrist
contains the same minerars as Èhe matrix of t,he grit" rts epid.ote a¡rl
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biotite are eiongated and oriented to give the rock a strong lineation.

fn some samples spindle shaped clots of quartz and feldspar accentuate the

li-near appearance of the rock"

Thj¡ sections of the rock conta-'ìn l- to 3 rm. fragments of strain-

ed quartz, altered felcispar, and brovn:. sagenitic bj-oti-te. Sumound.j¡rg the

fragments is a fine-grained n:atri:c of epidote, green biotite, chlorite,

albite and qr:artz (Plate III). Pockets of fine quartz and albite formed

in strain shadows beside large fragnients, the o,uartz in the matrlx differs

from that of the Íragnents in being clear and exbinguish:ing evenly" In

sone sanples the albite is nqrrmekitic. Composition estimates of four thin

sections are given in Table 16 in the Appendix.

PTd.TE TIT

Photomicrograph of albite-epidote-chlorite grit, showing a fragrnent of
quartz surrounded by a fine-grained natrix of epid.ote, chlorite, and some
cl-ear seeondary quartz"

The composition is variable, but rnost rocks of this type contain

about 1% altered feldspax, 15Á strained quartz, and, úÅ lo 5{Á biotíte in
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coarse grained fragirænts, in a ¡¡atri.x contain-ing an additional Iú Lo l5f"

quartz, I5fr to 35% aLbíte, LO% to 20% biotite, O% to 15% ehLorLt,e, ard 5%

to Ztr/. epidote" Traces of aIÌanite, zìrcon, and nagnetite occw in most

speeimens, and calcite occurs irr one"

The occurrence in the mat:'i:< of stable epidote, albite, ancl

biotite places the rock in the quartz-albite-epidote-bj-otit,e subfacies of

ùhe greensehist facies of metamorphi-sm (Fyfe et, ar", 1958, p" 2zJ)" This

is the l-owest grade of metamorphism recognlzed in the âr€âo

The clastic texbure and low metamorphic grad.e of the grit and.

assoclated iron forrnation contrasö sharply r,rith the highly metanorphosed.

granulites below them' The unconforrority between the granulite and grit
was not seen, but is indicated by the íragments of granulit,e in the grit,
and the abrupt change in metamorphic grade,

The rock is similar to the sehistose grit d.escribed by GiIl et

aI' (L937) in the area northwest of h"abush Ï¿ke. Traced. southr¡¡ard. across

the Grenville Front the linear texbured scirist grades into poorly segre-

gated gneiss" Clastic fragments rùere not recogrrized in this gneiss, which

occurs farther from the basement and probably forned from finer grained

sedi-ment 
"

Poorlr_ Segregated Gneissge

South of the GrenviLle Front the albite-epid.ote schíst gracles

into poorly segregated quartz-oligocLase-biotite gneiss. l,Iost, of the

Proterozoíc gneiss j-n the Nori¡anville Area is of this type" In the Gras

I¿ke-Fellx Iake Àrea the poorly segregated. gneiss generally occurs close

to the rron For¡nation series, and. is J-ess cosrnon than the d.eeper, weII
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segregated gneiss. Poorly segregated gneisses occur both above and bel-ow

the Iron For¡nation Series"

In the Nornanville Area the upper and lower gneisses are indis-
tinguishable, but in the Gras r¿ke-Felix rake Area, the upper gneisses

contain less plagioclase and biotite, and. more hornbl-ende and garnet than

the Ior,¡er' The gneisses of the Normanvirle Area contain nearLy rM ot
both muscovite and microcline, m:inerals that are rare i-n the southern

gneÍ-sses 
"

The gneisses are srex¡ fine- to med.ir¡n-grained and generarly

unbanded. They have a wel-r d,eveloped bedding fissility, on which they

erode into step-like outcrops' They may contain porphyroblasts and lenses,

or rarely bands of quartz and feldspar, separated from the rest of the

rock by a miea selvagen Iayers especially rich j-n felsic segregations are

indicated on the geologícal maps"

Ïn t'he liTormanvi-Lle Area the porphyroblastic band.s contain more

mj'ca anc less feLd.spar thar-r the common unsegregated. gneiss" Compositions

of five Èhin sections of tnis rock are given in Table 16, in the Appendi:<,

clots of coarse grained quartz and microcline are surrounded. þ equalry

coarse rnuseovite and shiny bLack biotite" The nj-cas are crenulated., and

clots of quartz may be stretched into thin contorted lenses. In plaees

the felsj-c cLots are so abundant that the rock resenbles a metarnorphosed

corglomerate (plate IV), but thejr minerals are fresh an¿ more Llkely to
have formed by meta:norphic segregation.

rn the Gras r¿ke-Fer-ix I¿ke a.rea the porphyrobrastic gneiss

grades into the unsegregated. gneiss, and. the trøo are described togeüher,
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.t,rt{L',E; J-v

Porph¡*oblastic biotiÈe schist, Normanvüe Area"

The unsegregated gneiss has a nedir.i¡'r- to coarse-grained grano-

blastic te:cture. Its minerals are generally free of inelusions or al-tera-

tion. Plagioclase is fresh and evenly twirured, microeline shows coarse

grid twinning" Bioti-te is subhedral, brown to oLive brov¡n in the lower

gneiss, and reddish brown in the upper gneiss. ivfosü of the hornbLende has

exÈinction angles, z^c, of zl+o Lo 3@, and the pleoehroic formula x =
yellow bror*rn, Y = green, z = blueish gfê€ïlo Refractive indices of biotite,
hornblende, and garnet are Lr-igher in the upper than in the lov¡er gnei-ss"

Both hornbLende and garnet are enbayed by anhedral quartz and feldspar"
Euhedral epi-dote urith allanite cores generally forms besi-de the biotite.

Mineral" composition of thin sections of unsegregated gneiss are

given in Tab1es 15 and 22 in the Appendix. The conmon compositi-on range

of the gneiss in different parts of the area is shown in Tab1e 2" The
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range includes one mean deviation on either side of t,he

tion"

TABI,E 2

ÁvEaaGE çolrpOsITION RÀIUCæ Oir po0Bty
ËECfi,EqAliID GNELSSES

Upper Gneiss lower Gneiss Upper Gneiss
Norrnanville Norrnanville Crras-Fe1ix

37-59
I+n.23-34

TI45

9-23

average composi-

Iower Gneiss
Gras-Felirc

/+B-58
dn,25-3L

o4

l.6*26

13-23

Flagioclase 22-49
4n"10-35

K-feldspar 5-J3

Quarf z 2l4f.

Biotite 15

i'iuseovite 4-10

Hornblende

Garnet

Epidote O-z

ûthers I-?carb"¡ap"

1¿-qO
4n,10-33

r-23

204l+

9-2l,

3-L3

L_5

ãpø eZt ø

3-11 0-4

2^6

tr tr
&P. aporpyorzrø

The differences in mineralogy between gneisses in different parts

of the area reflect dj-fferences in chenúcal eomposition" The principal
chenical di-fferences are more K20 and 4.12O3 j-n the northern than in the

southern gneisses, and more 
^Lzo3 

and a trigher ¡'e/r'ig ratio in the upper

gneiss than in Èhe lower gneiss in the southern part of the area.

well Segregated Gneisses

Deeper in the section, the gneiss is more strongly

i,ayers and lenses of quartz and felcispar alternate with more

segregated"

nafic portions,
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and the fol-iation is raore contorted" Gneisses with r+el} segregated. tex-

twes underlie most of the Gras Ï¿ke-Fe1i:c I¿ke Area, but only occur in the

southwestern corner of the Norrnanville Area,

The felsic layers are generally confornable to, and. contain the

same ¡ninerals as, the rest of the rocku All gradations exist betrseen surall

felsic lenses and tirick layers, such as seen in Plate VI-A, a¡¡d the Ìayers

are thought to have formed within the rock rather than by injection from

some outside source" Partial remelting nay have helped the rnigrati-on of

the felsic constituentsu

Biot'ite is the nain nafic mineral, but some of the gneiss con-

tains as nuchr hornbLend.e as biotite, In the Gras l¿ke Area the hornblende-

rich gneiss occurs as bands, about one-half mile wide, in the biotite-rich
type" The texbures of the well segregated. and. the poorly segregated

gneisses can be compared i-n Pl¿tes V and VI.

The ¡rost colnmon type of gneiss contains I/\ to I/Z inch bands of
quartz and r¡¡trj-te plagioclase alternating lvith mafic-rich bands. The mafic

bands conÙain 2 rtm. flakes of shiny black biotite in the ratio of I part

biotite to 2 parts of quartz anl feldspar, irli-neral segregation may take

the form of nafic speciiles, or cöntort,ed felsj-c lenses instead of felsic
bands" Some outcrops contai-n calcic-mafie layers conposed essentially of

hornblende, plagj-oclase, and dj_opside" These la¡.s¡, are from 6 inches to
2 reel thick and rnay be broken into boud.ins. They probably represent

cal-eic interl-ayers in the quartzofelcispathi-c sediments that formed the

gneiss. Loca1 shearing and al-teraüion are corll'oon in the lower gneiss,
.tfhere the rock is sheared, the feld.spar is stained pink, and the, biotiüe
is aLtered to chlorite"
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PlirTü V

e - û:tcrop of gnei-ss lrith poorþ segregat,ed textuJe, fz'oin the northernpart of the Feli.x -lake Area"

B* Ihoton-icrograph of poorly
magnificatì on 300.x.

seg.r:egated biotite gneiss; -parali_el I j.ght,
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P]ATE VT

A - Or¡-tc::op of well segregated gneiss, Gras lake Area.

B - layer of bioNi'be ard epid.ote surround-ed by pla.gioclase and qu.artz in
r.vell segregated gneÍss" Plane polarízed 1ight, magnifÍcation 30ûx"
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lvüneral- compositions of fifteen thin sections of biotite-rich,
and ten thj-n sections of hornbLende-rich gneiss fron the Gras l¿ke-FeLix

Iake Area are gj-ven in Table 21 in the A.ppendix" Tabl-e 15 gives the com-

posiiions of 3 sections of gneiss from the Normanville Ärea. Only sanrples

that were representative of the whole rock were studied. These cornposi-

üions are sunnarized j-n TabLe 3 "

TÁ.8],8 3

,IVIRAGE CO¡æOS]TTON RANGE oF hEIL SEGREffiTTD GI']Tf,SS

Itlorrnnvirle Gras r¿ke-FeLix rake Gras rake-Felix rake
Gneiss 9) Biotite Gneiss (r5) Hornbren¿e çnãiss (io\

Plagioclase

Potassir¡n-
feldspar

Quartz

Biotite

Þf¡scovite

Hornblende

Garnet

Epidote

Others

)t-),
t'n15-25

0-5

15-45

8-16

o-2

T-T2

4-9

opaque
øircon
sphene

ho-57
on13-32

0_lJ

17-28

, 17-23
Bio" & Chl.

trace

0-2

o-2

apatite
pyzite
carbonate
øi-rcon

A
r+4-60
nrr-3,

vari-ab1e

IL-27

6-u

6_u

trace

0-1

apatite
zircon
sphene

In the weIL segregated biotite gneiss, plagioclase generally con-

tains regular afbite twi¡rs and may be slightly antiperthitic" guartz shows

undulose exbinction and planes of tir¡y inclusions cross many grains" Sub-

#ffih\kssþ*l
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hedral flakes of browa or olive biotiÈe are inclined about l5o to the

foliation. Co¡¡¡¿on accessories are epi-dote, apatite, zircon, and pyrite,
ebout hal-f the samples showed the effects of shear and alterati-on" fn
t,hese samples plagioclase is sericitized and part,ially replaced by mÍcro-

cline" The bioÈite is ragged and altered to chlorite, and hornblende rey

be altered to chlorite and sphene" Some sections contain garnet which is
partly replaced by biotite and feldspar"

The hornblende-rÍch gneiss resenbles the biotite-rich t¡49e in
most respectsu ALL gradations exist betv¡een a band.ed hornbLend.e gneiss,

and a gneissic-texbured granodioriti-e rock, in which the nu,fi-c minerals

form 2 mm" to { mt" specks rather than bands. litost quartz has und.ulose

exLinction. ft occurs ín I/Z to I rn¡n. lenses made up of several snaller
grains" Plagiocl¿se nay be partÌy altered, to sericite or microclineu

i+lcrocline twins are well developed" The microcline is either absent or

occurs in large amour¡ts" Its imegular distribution, forrøtion by replace-

ment of plagÍocJase, and association with other alteration prod.ucts suggest

that it is not an original constituent of the rock. ftiost of the biotite
is brown. Hornblende has an erctinction angle (Z^c) of 2Oo to Zlao, and the

pleochroj-c for¡uula, x = yellow green, T = green, z = dark green or blueish

greeno rt may be poikilitic and in some sections is partly replaeed by

biotite and epidote or sphene" sphene and euhedral epidote generarry

accompany the mafic minerals" Some of the epidote has grown around cores

of aLLanite.

Both the biotite-rich and hornblende-rich gneiss are character-

ized by the orgarrization of their rnafic and felsic constituents into
separate bands, lenses, or speckles" Strai.ned quLartz and altered. biotite
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and plagiocl-ase are more common here than in the less segreg;ated gneiss,

there has been some replacement of pÌagiocr-ase by ni:-crocrine, gpr"¡et b;.,

biotite ancl- Í'eld-spar', and. hornbiend-e by biotite and epidote. Appar"ently

tnis gireiss for¡:ied under conditions of' greater nobifity and stress than

the other Proterozoic rocks" I'r, rnost l-ilcely represents the ]or¡er-most

Proterozoic, m5:ced perhaps with sone conpletely recrystallized Archean

--^i ^^^^Ë;rlçJ-ùùtiÞ o

Boùh the well segregated. and the poorl¡r segregated gneisses con_

tain oligoclase feldspar. Kyanite is founc in some oÍ the upper schists
associaÙecl with the unsegr"egated gneiss" These rocks belong to the irrter-
nedì-ate, Ìq'anite-r¡iuscovite-qua.rtz, subfacies of the al,nandine anphibofite

facies of metano'phi-snr (l'yre et ar" r J_g5g)" The l,rerl segregated gneiss

bejongs to this or perh.aps to the higher sill-i,-nanite-alma.nd-ine subÍ'aeies.

i$o sil-l-imanite was, ho.r.rever, recognÍzed in the area.

Cher,",-ical- eompos itions of j-sochenicall-y metamorphos ed. gneis s es

can indicate the type of sedinent from which they fo¡'med. The bpeakdor,rn:l

of clastic naterial to forrn clay tends üo increase the alumina content, and

the ratios trigo/cao, t<2o/rta2o, ancl Fe2o3/Feo of the sedi¡,rentary materr.al dur-
ing its transportation and deposition. rn general, the higher these values,
the more thoroughly rnieathered and- shal-Íer is the sedj¡lent containing them"

The average minerar compositions of the conmon gneisses are

recast into their approxima'be che¡aical characteristics in Table 4 as de-
scrÍbed- in i'v-ahl-strom (1957 u p' 238)" The r¡al-ues are only approxiniate as

they are cal-culated from average compositions, and wíiliout exacÈ knowled_ge

of the compositions of minerals capable of atoraic substitution" r'or this
reason Fe2o3/Feo is not given, and the vafues of rigo/caO ar.e suspec¿"
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However, because they are based on average composi-tions, these figrrres may

be closer to rel-ative compositions of their respective groups than those

based on cherclcal analyses of single rock sarnples.

TABLE 4

APFR0;{II"I¿|,TE VALUES 0F K20l'ta2O, NtgA/CaO ANI)

Upper Poorly Segregated Gneiss
itlori¡anville Area -

l,ot¡er Poorly Segregated Gneiss
Normanville Àrea -

,-É.
(2)Average of 2 Upper Schists

Carheil Area (Ì,ft:rphy, 196l) -
(2)¡.verase of 3 lower Gneiss

Carheil Area (iuiurphyp l9ó1) -
RusÈy-Weatherir¡g Upper Schíst

Gras-Felix ¿rrea -
Upper Poorly Segregated Gneiss

Gras-Felix Area -
Lower Poorly Segregated Gneiss

Gras-FeliJc Area -
t' c4o-tg3-ó0, Poorly seg. r.ovrer Gneiss

Gras-.Fe1i:< Area -
. lveU- Segregated Biotite Gneiss

Gras-Felix Area -
-l'leJ.l Segregated l{ornbLende Gneiss

Gr¿s-Felix Area -
" Ð-11-42-61, i,veIl Seg. Iower Gneiss

Gras-Felix Area -

K2O/Ltta2O MgO/CaO

L"l+

40u

L"l+7

O 'l+6

Q"7

0"4

O"5

o"28

o"7

0,4

1,04

2"L

2,7

3"r3

o"79

2,4

1.ó

L"7

r,f3

1,7

1"0

L20

GI\JEISSES

L32O3 excess

OøZ

OeJ

8"57

2"66

5,3

5'L

3"9

4ø)þ

3,7

3"3

3"59

(r)

)L
Average Shale (Clarke, l-gãh)
Average Subgreywacke (petti_john, \ghg)
Àverage Gre¡ruacke (letti¡ofrn, Lgt+g)

0.78
t"33
0"83

Per cent AIZO3 above that conbj_ned fn feldspar"
The Carheil I¿ke Area lies betrseen the Norinanville and Gras-Feli:x areas.
Based on cheiuical analysÍs.

2'l+9
Q,75
o,59

l+"61+

3"6
r"7

\¿)
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The gneisses in the NormanviJ-le Ârea, and the upper gneisses ín

the Gras I¿ke-Felix Lake Area, generally have higher KrO/NarO, iligo/Cao,

and 41203, than the lower gneisses in the areas to the south" This sug-

gesfs that the rocks in the NormanviLle Area, and those overlying the Ïron

Formation Series r.iere ori-ginally shales, whereas, the lower rocks in the

southern part of the area were probabXy greywacke or subgreÍûracke"

Cheníca]-ly Distinctive Rocks

Several mineralogically distinctive rocks are interlayered with

the eo¡mron Proterozoj-c gneissêso Son'ie of these layers are continuous over

large årease and because ühey are easy to recognize, nake useful marker

horizons" They occur above the Iron Forrnation Series, and are more cotnmon

in the southern, than in the northern areao Three n,ain t¡pes are recog-

nized; rusty-rueathering graph-itic schist, quartz-mica-þanite schist, and

hornblende-pJiroxene-garnet rock. Some rocks are gradational between the

inain types; the graphitic schisü and hornblende-garnet roek ray contain

some þanite, and there are rusty J-ayers and graphite ín the mica-þanite

schi-st.

The gneisses east of the irioisie River are very hard and m:icro-

cl-ine-rich. They appear to be feldspathized and hardened by metasomatism

associ-ated Ïrith the gabbro, that is, common in that part of the area"

Because of their high microcline content, they are referred to as potassic

gneisses.

Rusty-t¡ieathering Gr:aphitic Schist

The graphiti-c schist is a medium grained, poorly segregated



l+6

rock, disÈinguished nainly by its rusty-weathering and the presence of

graphi-te, pyrite, garnet, and in places þan-ite along with the uzual

guartz, feldspar, and biotite" ft is most abundant in the western half of

the Gras I¿ke-Felix Lake ¿rea, occurring above the iron foruation in the

valley of the Pekans River, and between the Little liarrlcougan River and

Hope lake. Á tlrÍn band also occurs i"¡est of Pegmq l¿ke"

ivtineral compositions of eight thin sections of the rock are

g5-ven j¡r Table 23 ín the Appendix. i,fost sa.npl-es have conpositions in the

folrowirig rangei 39'fl Lo 52% praeioelase (ttÞl--zù u Ø to rQØ ¡aicrocline,

L5¡"ó to 291ð quaxt'zu 15ñ to 22% biotite, 3",ó to fl gatnet,, ri{ to Jfo graphj-.t,eu

and n'rinor amounis of muscovite, epidote, apatj-te, and. zjJcon.

In thin section biotite is pleochroic from col-ourless to red

bror,m, and is interleaved with graphite, Quartz is generally unstrained "

Garnet is fiLled wj-th inclusions of biotite and feldspar" The plagioclase

is generally perthitic, especially near the edges of felsic clots. This

schist is always associated urith the silicate-carbonate facies of iron

fornration, and was probably cierived from a four-'*'ater shale"

Quartz-i'liea-Kyanit e Schis t

In the eastern part of the Gras I¿ke{eLix l¿ke Area the graph-

itic schist grades into a quartz-rich núca-þanite schist" The best

elq)osures of this scitist are found in the band. trendi-ng southward from

I¿c Gentilhomme. It is a tough rock which forins rouncied outcrops and

caps the highest hills of the å.reåo Quartz is the najor felsic nr-ineral,

Coarse grained ¡rn¡scovite occurs vrith the biotite, and. pink garnets are

present in most sarirples" Some varieties are graphitj-c and rusty. weathering"
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Feldspar ismtably râr€" Deep blue laths of þanite stand in relief on

weathered surfaces' The þanite, v¡hich nay reach an incir in length, is

generally concentrated r,rith layers and pods of glassy quartz,

Composition estj-¡nates from four thin sections from the Gras Lake-

Felix I¿ke Àrea are given in Table 23 " fypical specimens contain AtÁ Lo

15Ø plaeioclase, l+8fr tß 55'¡l quart,z, LVÁ to 22% biotite, 2% to 20"Á rn¿scovite,

2% t'o 6lo garnet, and minor apatite and. zi¡con, À thin section from the

Iiiorr¡ranvil-le Area (taUle 1ó) contains less quartz and more feldspar than

this. Good foLj-ation results from the alignment of mica and, þanite,
and elongate lenses of quartz. The micas are bent around porphyroblasts

of garnet, or clots of lcyan-ite and quartz (Plate vrr-A). ivirny of the

minera}s in this rock resenble those of the rusty-vreathering graplr:itic

schist" Biotite is reddish brorm, and is cournonly intergro'¡m r'rith musco-

vite or graphite. Plagioelase is fresh and quartz is very clear and

unstrained. The garnet is poikilitic"

The mica-þanit'e schist is the metanrorphosed equivalent of an

aluminous shale' It is probabþ no coincidence that alum:ina-rich bed.s

closely overlie the aluirina-poor iron fornation. This sort of distribution

wouL<Ì resul-t from a period of chemical weathering vÉth transport and

deposition of the iron i-n soluèion, followed by slight uplift and erosion

of the cJ-ayey resj-due"

Hornblende-PJ'rclcene-Garnet Roek

The aica-þanÍte schist is con'unonly overlain by a mafic horn-

blende-pyroxene-garnet rock" The best elqposures of this rock are found

in the hil-Is west of t,he Þioisie and Gentilhonme rivers, It is a massi-ve



l'l_À'.i',i, \r _1._L

Photonl-r-cro graph of rir-ica-Iq,ranite s chist,
magnification 180x"

Plane polarized h.ght,

B - Photorir-lcrograph of hornblende-garnet rock" Plagioclase suryoundsgarnet grains, and is intergrown i,¡ith clinopyroxenee plane polari-zedlight, nragnificatÍon l8Ûx.
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bLack rock composed essentially of 2 to lç mm" grains of garnet and horn-

blend.e, plus some plagioclase ancl pJ¡roxeneo The garnet is evenly d.istrib-

uted through the rock, and is cormonly coated with a thin crust of plagio-

cLase' Plagioclase nay also be concentrated j¡r thin lenses and bands,

giving the rock a weak fol-iation.

fn thin section, the biotite is red or brown, Hornblende is

pleochroic from yellow green (X), to deep blueish green (Z), or in places

brown, and has an erbinctioir angle (Zne) of 24o to 29o, It is generally

anhedral and embayed by feldspar, but may also form euhedral grains in

p)¡roxeneø i'iost of the pyroxene is colourless to light green diopside or

augite. Soine is fi-nely intergrown with plagioclase" Exbinctj-on angles

ranging from JJo to 65o r,rere recorded for the samples stud.ied. In most of

the samples, part of the pyroxene j-s replaeed by light green actinolite,

wíth Z^c about 18o. This actinol-ite grades outward into the usual green

hornblende, C'arnet is pink, and conrnonly poikÍliticu Some of the plagio-

elase is zoned with cores of An32 grading into borders of ItnU" Micro-

texbwe of the hornblende garnet rock is shown in Plate Vff-B.

. Compositions of eight thÍn secti-ons of hornblende-pyroxene garnet

rock are given in Table 23 of the Appendix" One of these sa-nnpÌes is partly

aftered to epidoüe, scapolite, and carbonate. A typical composition of the

unaltered sections ís 3% to 3VÁ plagioclase, Ofi to IØ quartz, Ø ø f%

biotite, IT/" Lo 57o,ó hornblende, I4. to 26% garnet, t$ to 2h% clinop¡rroxene,

¿¡¡d minor a¡nounts of opaque oxide, carbonate, apatite, zirrcon, and. sphene,

:1' thin band of hornblende-garnet rock overlies tl¡e Iron Forma-

tion Series in the Norinanvi-l-Ie Area. Its composition is si¡riIar to the

one in the Gras l¿ke-!-elix I¿ke Àrea, but it contains more quartz and
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biotite and no clinopyroxene (Tab1e ló).
The hornblende-garnet rock is probably a basic metased.imentary

rock or possibly the metamorphosed equÍvalent of basic lavas related. to

the Shabogamo gabbro"

À band of basÍc gneiss occì.lrs in the potassic gneisses near the

eastern edge of the Felix l¿ke sheet" i"Íineral compositions of four thin
sections of this rock are given in Tab1e zh in the Appendix, Typical

specimens of this rock contaj:n 30Ø to LZf' pragioclase, 3% to ?% red.

biotite, 7% to 24/" hornalende, 6 to l+z% çrinopJmoxene, h% to z)fi garnet,

several per cent opaqrre oxide, and traces of apatite and sphene. t"Iost

samples are rich in p¡.roxene or arnphibole, but not, both. The pyroxene is
light green, w-ith z^c of 5Ø, and is partly replaced by green or brovm

hornblende" Garnet may be replaced by biotite and feldspar, and both

garnet and hornblende are poi-kilitic, It is not knoi¡rn whether this rock

anci the one that occurs above the i.ron fornati-on are related."

Potassi_e qngþEeq

Âlmost' aLl the gneisses east of the iujoisie River are m1crocline-

rich' These gneisses are generally finer grained and tougher than gneisses

in other parts of the âr€&ø They may or rnay not show mineral segregation,

and in either case tend to break on joints rather than fol-iation planes.

Because of the strong joinÈing, outcrops rnay form steep cl-iffs or scattered

frost heaved blocks. -lvèathered surfaces are conmonly stained pink.

The gneisses ÍraJ¡ be banded, but Ír.ore eonmonJ.y the foliation
slrows as thin lenses of pink mi-crocline and grey quartz ín a finer grained

mi:ced grourd.massu la.rge grains of rnirocLine show visibl¡' warped cleavage"
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The nafic minerals form l x 3 nm. lenses lying parallel to the foliation.
ivJany samples contain sr:al-I grains of bLack al-l-anite suround.ed by rusty
alteration hal-os "

Thin sections show lenses of quartz and oriented gra¡-ns of

biotite and irornblende evenly distributed or forming layers in a nratrix

of 0'5 to 1'5 nn" feLds¡:ar grains" Both cornmon nrafic m1nerals have high

refractive indices and high absorption; biobite ís pleochnoic from straw

yellow to bLack and has ny * 1"65 to l"óf, hornblende is pleochroic from

yellow (x), to brue green (y) to very dark green or bror,rrn (Z) and has

n2 = r"696 Ëo r.714' The index n, i-s the greater of the tkro indices

measured on cleavage fragi:nents (Parker, l.96l.). Plagioclase is more sodic

than in other gneisses" iulicrocline has shad.orqy tw'ins, rather than the

even grid pattern found in the other gnei-sses, Albite rims coat micro-

clíne-plagioclase contacts, tight green aegirine-augite idith 2v * 7ao

occurs in some samples. Garnet is rare and partly replaced. by a mi_xbure

of feÌdspar and bi_otite.

ì'üneral composi-tions of twelve thj-n sections of the potassic

gneiss are g5-ven in Tabre zu )n the Appendix" Gneisses of this type con_

t'ain 40É ío 5vÁ plagioclase (An r-2), ts% b 3a% microcline, Lrg to 25%

quartø, L% to 8Ø uiotite, riÃ to L2% hornblendeo o% to t% aegirine-augite,
about 1ia opaque oxide, and traces of apatite, alranite, garnet, zircon,
and sphene.

The most characteristic features of this gneiss, aparÈ from its
high m:icrocli¡le content, are the strong pleochroi-sm and high refractive
índj-ces of its biotite and hornblende, the tendency for quartz to form

long thin Lenses parallel to the foliation, and the abnornally high content



of the ê.ccessories il-nenite, sphene, aIl anit.e, and zircon, These fea.tures

seem fo have been imposed on dífferent b¡rpes of gneiss hJ'meLa,so¡natism

associated with Lhe intrusion of t,he gabbr.o east of the Moisie River" The

associat,ion of gabbro and potassic gneiss also occurs in oLher parLs of the

area where basic sÍlls have al-ter"ed- the surround-ing gneisses. Two of the

thin sections l-isted in Table 2d come frorn this sort of a.lt,eratiofl zorlêo

Some of the potassi-c gneiss near the Moisie River conta,ins

graphite, and v"'as probably clerived from the upper graphÍtic schist,, but

most of the gneiss resembles the lower well segregated gneiss" However,

because of it,s metasomatism, and lhe }ack of narker bed.s, correlation of

the potassic gneiss with any other gneiss must be very tenLative.

The nrinerâlog¡r of the gneiss inciicates a hígh temperatu¡e of

metanrorphism" The microcline has wa.rped clea,va.p.-,e and shador,4i exLinetion,

suggesting that, it has reverted from orthoclase" Albíte has migrated

from within thre nii-crocline to its borders" ClÍnopyl.oxene and brown horn-

blende are corlrnono

Facies boundaries are poorl¡r defined for qua.rtzofeldspathic

rocks in this T,P. ra.nge, and metamorphic grad.es are underst,ood nost

easily by comparing different, rocks in t,he åreâo The potassie gneiss is

metamorphosed more strongl¡r than the conmon weIJ- segregated gneiss, but

less than the h¡'persthene granulite" Tt proL.ably belong-. to the silli¡nan-

ite al¡andine a,mphibolite or hornblende granulite subfacies ss t'or'inarì lrrr

l';rfe et al. (f95S)"

Compa,rison of -the ComposiLíons of_ the Gneisses an4 Schists

The ¡ninera.log;ical conpositions of the different t¡'pes of gneiss



nay be compared by olotting their main n-ineral constitu-ents on trian€plar

diagrams, such as Figure ó. The first triangle here refers to the whole

rock, ùhe second to its feldspar, and the third to its rnafi-c mineral-s"

The total connpositions of tv¡o of the younger rocks stand apart

from the others" They are the mafic-rich hornblende-garnet rock, and the

feldspar-poor mj-ca-þanite schist, The other rocks fall in a group, and

there is generally more variation within a single rock type than between

the different types" The albite-epidote schist is the most variable in

composition as if includes coarse unsorted grit and fine-grained schìsü"

The potassic gneiss is the most feld-spathic of the gneisses because of the

meta.somatic microeline it, contains"

I,Iost of the gnei sses contain pJ-agiocl_ase in the range Á.n2g 'co

An3Z" The unsegregated l'úormanville Area gneisses are slightly more calcic

than average, and- t'he hornbl"n¿s'garnet, roek is more sodic" The epid-ote-

chlorite schist contaÍns both clastic oligoclase and metamorphic albite.

Compositíons plotted here are the mid-points of tLe composition range of

zoned crystals" True averages would contain several per cent more

anorthíte"

Rocks conbaining the most microcline are the unsegregated- gneiss

of the i'üormanirj-Lle Ärea, and the l-oro¡er gnei-ss and potassic gnei-ss of the

Gras lake-Felix l¿ke Area. The nrlcrocline is fresh and evenly distrj-buted

in the i'[orrnanville Área gneiss, and i-s ai¡parently a primary constituenL.

fn the Gras lake-FeU-x I¿ke Area the ¡nicrocline is associated rrith al-tera.-

tion or m.etasonatism.

It is in mafìc mineral content that the gneisses vary most,

Ivlost types contaj-n biotite, with snaller amounts of either garnet or horn-
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blende. The poorly segregated gneiss o-f the Nornanville Är'ea, the upper

graphitie gneiss and the mica-þanite schist contain biotite, some garnet,

and no hornblende" 0n1y biotite ancÌ ehl-or.ite are stable in the albite-

epidote schist" In the Gras Lake-Fel-ix l¿ke Area the loluer poorly segre-

gated gneiss contains biotite, and either garnet or. hornblende, vihil_e the

u.pper gneiss contains roughly equal parts biotj-te and hornblende with a

Lesser amount of garnet" The well segregated. gneiss contains little
garnet, and either all biotite, or equal parts of biotite and hornblende,

The potassic gneÍss contains nrainly biotite and hornblende, with some

garnet in its hornblende-rich varieties. The hornblende-garnet rock con-

tai¡¡5 about equal amounts of hornblende and garnet, and srnaller amounts of

biotite" some clinopJrroxene occurs in this and the potassic gneiss,

The mineral-s of the various tyoes of gneisses differ i-n composi-

tion as wel-J- as in type and amount" cell- edges of garnet, and some opti-
cal properties of plagíoclase and of the mafi c rnineral-s were determined

and are discussed in detaÍl in a l-ater chapter. The following discussion

should be read with referenee to Figur.es 11, 12, J3 (pp" 105, 1og, 110),

respectivel¡r.

Bíotite and hornblende with the l-oruest refractive Índices

(Figure 11, p. l-05) occur. in the L.ower gneisses" They shoi,r greater var-

iation in the well segregated than ín the poorly segregated. gneiss" The

nj-nerals of the upper gneíss have intermedíate índices, and those of the

potassic gneiss intermediate or high indices. The hornblende-garnet ¡ock

contains hornbl-end-e with low, and biot,ite with intermediat,e, indices" As

used here rrlo1nlrl , trj-ntermeclÍateit anri lrhightt mean n2 of hornbl-ende beLorø

1"ó90, between L'690 and l"?05, and above r"To5; and ny of biotite beror*
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l"6l+0, between 1"640 and l.ó60, and above L.óó0.

The increase i-n refractive ind.ex is accompanied by a colour

change from olive brown, through red. brown, to dark reddi_sh brororn in
biotite, and a si.niLar darkening of the hornblende. The mj-neral-s with
higher refractive index and darker eolour contain ¡nore iron and 1ess

nagnesi-un than the others. Àeplacement of silica by titaniun and aLundnum

will also raise the refractive ind.ex.

Refractj-ve i-ndices of garnets from the loin er gneisses and potas_

sic gneiss fall in the range l.Tlj to !"?96 (figure ]:2, p" lO9). In the

hornblende-garnet rock they are as row as r"775, and. i-n the upper gneiss

as high as L'803. cell edges range from 11"J¡ f in the upper gneiss, to
ô

L]-"6l+ A i¡ the potassic gneiss and hornblende-garnet rock, The refraetive
index is affected by n:arqy variables, but depends chiefry on the rehig
content of the garnet. According to sturt (L962), the function cell ed.ge/

refractive index is a measure of the caLcium content in garnetu Values

of this function (nigure U, p. 110) range from 6,40 to 6"5t+, indicating
Cao contents between 4:Ã and, lZfr" The least calcic garnets cone from the

upper gneiss and weIL segregated gneiss, the most ealcic from the horn-

blende-garnet rock" al-l the garnets are almandine, and the most caLcic

contai¡s about 2U¡á grossularite, and s¡¡alIer amounts of the other sarnet
molecules"
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IROIù FO,I}il,TTOi\i SERIES

Introduetion

The t'errn -[ron Forretion Series refers to a series of chenical

sedimentary rocks includirig narbl,e and. quartzíte, as wel-l as, iron forma-

tion' These rocks lie conformably on the poorly segregated gneiss and- are

conformably overlain by the upper gneisses. Two main facies types of i:.on

fornatíon exist, sil-Ícate-carbonate faci-es anci oxide facies. In general

the narble and quartzite underl-ie the iron formation, the marble associated-

with the sil-icate-carbonate, and the quar.tzite w"ith the oxide facies"
Sedurentary facies changes in this area !¡ere first clescribed by

Gastil and Knowles (r9óo)" They pointed out l-ateral gradation bet¡¡een

members of the fron Formation series in the area between i{ount }IrÍght, and

vilabush r¿ke sjmilar to those described by James (rg|,Ð in the rake superior
regì-on.

þ'acies maps for the iron formatj-on and associated metasediments,

compiled by the au-thor from Quebee geological reports on the i.lount urrright*

iyiount Reed region, are showïr in l'igures z and g" The type of secii-ment

deposited cieperrds on the material reasþjng the ntace of deposition, and on

the agitaÙion or o:ci-qation potential of the rr¡ater in that, particular place,

The sedj¡rentary rocks uncÌerlying the iron formation were depos-

ited in three main facj-es zones (rigur'e f)" trTear the northwestern edge of
deposition, ie" near the shore, the j-ron formation j.s und-erlain by pelitic
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schists, then quart,ziLe föllowed by nerble underlie the iron forn'ration in

zones successively farther to the southeastu The gradation from schist to

¡narble takes place in about 15 milesn Paralle] changes occur in the

accompar\ying gneiss which appears to have fornied. from argillaceous sed.i-

ment j-n the Normanville areâ¡ and quartzofeldspathic greywacke or sub-

greywacke farther south"

The iron forn'ration shows a sj¡r:ilar facies pattern (f:-gure 8, p.

õlr ) " The oxj-de facies was deposited i-n a zone cl-ose to shore, and the

silicate-carbonate facies under qrrieter, more red.ueing conditions to the

southeast" Snrite or graphite occur in iron forn¡ation in the extreme

southeastern part of the âreê, There are sone irregularities in the main

pattern, probably caused by local deeps or shoals in the Proterozoíc sea.

The mineralog;r of the iron forniation also depends on its meta-

niorphic 8rade. The main effect of metamorph5-sm on the oxide facies is to
increase grajå size, but in the silicate-carbonate facies it produces

changes in ¡rineralogy. Å, tongue of sil-icate-carbonate iron forsation

exLends across the GrenviLle Front irr the Norn'¿nvi-I1e Area, and has been

metamorphosed from 1ow greenscirist facies in the north, to mid.dle al¡nandi-ne

amphibolite facies in the south.

Suartzite

The quartzite i-s a medium grained, Ìight grey to miltry i¡¡hite

rock, shov.ting rel-ic bedding as faj-nt colour bands or a strong joint set.

Sone types are ¡uicaceous and scir:lstose, or coarsely crystalline resembling

vein quartz. The guartzite j-s thiekest near l,tount furight and thins rap-

idly to the north, and rnore gradually to the south, Gross (1955) estirrates
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the l,iount ìlJright quartzite at between 300 and 400 feet in thickness; in

the Gras Ï¿ke-Felix I¿ke Àrea thicknesses range from 10 to 50 feet. It

has an abrupt, apparently conforrnable contact with the narble, and is

gradational with the i-ron formation.

Conpositions of thin sections are given in TabLes 17 and 25 )rL

the Appendi:c" Typical sections contain between ÇJfr and,1007J quartz with

minor amounts of henatite, cr:rnmingtonite, carbonate, n-ica, tourmali-ne,

zircon, and rutile" Graphite and pyrite occur in the quartzite in the

southeastern part of the areas The foliatj-on sirows as rude bands of coarse

(2-3 nm. ) grains r'¡ith sutured borders and und.ulatory e:cbi¡rction, interlay-

ered. w'ith finer (0,5 *o. ) grains r^rith a mosaic texture" The accessory

minerals occur between the quartz grains or incl-ud.ed in them, and elongate

or foliate rrinerals lie parallel to the foliation" Any originally clastic

qu.art-z grai-ns have been destroyed by metamorphism.

ii disagreement exists as to rrlhether the quartzi-te represents a

recrystallized pure quartz sand (Gross, L955), or a recrystallized chert

(i'lurphy, J:g6J). Grossrs interpretation of a clastic origin ís based on

the occurrence of rounded zircon grains in the quartzite, i'iurphy thinks

its carbon content and its similarj-ty to quartz layers in the iron forma-

tion indicate development from chertu

In the unmetamorphosed part of the I¿brador Trough, the Sokoman

Iron Formation is underlain by both chert (ftening Fornration) and quartz

sandstone (Wishart Formation). The same situation likeIy exists lvhere the

rocks are metamorphosed, in which case the quartzite would origJ-nal-ly have

contained both cherty ano sandy components. However, in the opinion of

the author, the gradation beti{een quartzite and iron forruation, and the
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apparent developuent of the quartzite some distance off shore, suggest

that it is mostly a recrystallized chert.

i'iarble

lviarbl-e underlies the sil-i-cate-carbonate iron fornation in the

southern part of the area" Ït first appears in the southeast corner of the

Normanville i\tea, and thi-ckens southwardu Good exlposì.lres may be seen in

the valleys of the Pekans and Gentilho¡rnne rivers, and between Hope Lake and

the Litt1e I'ianicougan River.

fn outcrop the narbLe is a coarse grained, equigranular, thickly

bedded rock, white on fresh surfaces, and rveatherj-ng black or in iron-rich

varieties, cocoa-bror¡trno Quartz-rich beds are inÈerlayered w-ith carbonate
/ ^- . ----- \(P1ate VI[), and reaction between the two has produced tremolite and

diopside' 0n exposed sr.¡rfaces the quartz and calcsilicates stand in

relief above the more soluble carbonate" I,Iost of the carbonate is d.olo-

mite" Several per cent calcite nay occur as fine intergranular b1ebs, or

as coati-rigs on the silicates" The main silicates are quartz, tremolite,

diopside ard phlogopiteu Green diopside and actinolite forn in iron-rich

marbles. Mosù outcrops contain between IO% and,30% slljeates, They occur

as discrete grains or in laJ'ers several inches thiek along bedding planes

or Later fractures" Árnphiboles and pyroxenes coumronly grow with their

long axes aligned parallel to the regional líneation.

Dolontte, the only essential mineral, occurs as equidimensional

grains, 2 t'o 3 n'mtu in size" Calcite is fj-ne grai-ned; either interstitiaÌ
Èo the dolomite, or surrounding and replacing the calcsilicates. This

secondary calcite rnay have formed when growing silicates exbracted more
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magnesiriln than cal-cium from the dolom:lte, TremolÍte occurs as euhedral

grains in the carbonate, or as a replacement of the diopside" The diopside

is coLourless and has an exbinction angle of 40o to h5o, and 2V of about

650, Tremolite is also colourless, and. has an extinction angle of lfo to

20! and 2V of about 8Oo" Some of the tremolite is tv¡inned. Quartz occurs

as large grains with sutured borders and undulose exbinction, and as small

polygons interstitial to the carbonaten The fine-grained quartz is second-

ary, and nay have forned when the pfroxene r¡ras converted to tremolite"

One section contai¡s intergrorrn talc and antigorite apparently replacing

olivine,

PIATE VTIT

¡

Outcrop of black-weathering marble in the Gras Lake Area" Beds of rela-
tively pure dolomite are interlayered vrith thinner quartz and calcsilicate
bands.

The marble is appaently a metamorphosed dolomite, originally

deposited in relatively quíet water some distanee from the Proterozoic
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shoreu liiearer shore guartzite was deposited. The facies change from

quartzite to narble can be seen in a few hundred feet in a thin bed be-

tween iïoiré and Kissing lakes in the lriornanville A¡sa, At Don¡s pond and

lr.tidrùay lake, the guartzite overlies the marble.

Metanorphic reaction betu¡een interbedded chert and dolomÍte pro-

duced trenolite and diopsÍde or rarely olivine" Retrograde netamorphisn

caused the replacement of some diopside by tremolite, and the destruction

of the olivi-:re. The assenrblage quartz-carbonaÈe-c.iopside ind,icates alman-

dine amphibolite grade metamorphism. The olivine-bearj-rrg sample comes

from a fauLt zone beside Èhe ivioisie River, and. indicates higher metamor-

phism in that part of the area"

fron Formation

Iron formation overlies the quartzite and marble, and is gener-

all¡r found in synclj:tes surround.ed by older gnei-ss" It is thickest near

t"iount tt{right, pinching out over the Archean rocks to the north, and thin-
ning to the south" Thici<¡resses reach 5OO feet at iqJabush Lake (C.astiL and

Knorrles, 1960) s 3oo feet at I'{ount wríght, and range fro¡n l0 to 150 feet
in the Gras l¿ke Area"

The economicalþ valuable oxide facies of the j.ron formation was

deposited near shore, anci passes into silicate-carbonate facies to the

southeast (figure 8)" Gastil and Knowles (1960) describe an i_:r"on carbon_

ate facies occurring still farther off shore" No true carbonate faci-es

lras reeognized in the present area, but in the southwestern part of the

Gras l¿ke-Felix I¿ke Area there is an olivine-pyroxene-carbonate band. that
nay be its metanorphic equivalenr"
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The sedimentary faeies map (eigure 8) is si^nplified to shor* only

the main oxide and silieate-sarborrate groups " The oxide faci-es nray be

either hematite- or magnetite-rich, and ühe silicate-carbonate facies

includes the olivine-pJrroxene-carbonate band." The sulfide facies was not

reeognized, but in the southern parÈ of the area n-inor amounts of graphite

and pyrite occur in the silicate-carbonate facies. The transition of a

single layer of irou formation from hematite oxide through magnetite oxide

to sificate-carbonate facies can be seen in the Bloom leke syncline,

fn the centraÌ part of the i'úormanvitle Area two iron forrlation
layers are separated. by gneiss, Near Bould.er rake the lower layer is
silicate-earbonaÈe, and the upper layer quart,z hematite iron formation"

Elsewhere, where ¡nore than one facies occurs, the oxid.e facies overLies

the siH-cate-carbonate facies and. these n:ay be overlain i-n turn by the

olivine-pyroxene-carbonate facies "

9xå¿C {acigs_

The orrtde facíes is t,he nost economically important variety of
iron formatíon' IÈ resists erosionr and its tendeney to forn hil-}s results
i¡r the elps.Lre of most of the large d.eposÍts" The best deposits occur in
the hills near Hesse, Iviogrid.ge, Bloom, Bourder, Daigle, and Fire lakes,
The iron formation is thicker, and. forms larger d.eposits, i.:: the Norman_

viJ.le Area, than in the Gras l¿ke-Fe1ix I¿ke ¡lrea.

The i.:eon riay occur either as bl-ue grey specular hematite or
n'ngnetiÈe, depending on the oxidatj-on state of the original sediment" The

quartz-nagnetite iron forr¡aÈion is rarer than the quartz-henatite, and is
gradational between the quartz-hernüite and the silicate-carbonate iron
forniation,
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iriost outcrops are composed of mi-xed. quartz and iron oxid.e inter-
Ìayered with grey glassy quartz" Thin layers or streaks of green acti-rro-

lite forn besi-de the henaùite bands, and eun'ningtonj_te or h¡persthene

accompany the nagnetite" The iron formation eontains betrveen Iffi arrl hS",á

iron oxides, and generally averages abo:ut 307"" Quartz or hernatite nray

rcigrate and become enriched in pods or Lenses, South of l,fogridge Iake

ó-inch vugs in the iron forrnation are Lined with coarsely crystalline
striated hematite and quartz' On Hesse Hill a Jarge lens of nil6y quartz

is surrounded by an L8-:.nch rim of residual heraatite (pbte lX)" I si.,niþy:,

PI,ATE IX

Segregat,i-on pod of quartz surrounded by coarse
hernatite, Hesse ilil1, i'Jormanville Àrea"

but larger, zone of iron enrichment formed besid.e a

the íron fornation south of Haffmile ]ake.

grained residual

grani.te siLl intruding

show layers of rn:ixedThin sections of the oxide iron foruation



quartz and eoarse grained (0"2-Z nm") henatite or nragnetite, alternating

with thicker quartz layers. The quartz has slightly undulose extinction

and a mosaic texture. Grains in the pure quartz layers raay be slightly

elongated parallel to the foliation, and are coarser than grains in the

rnixed layers. Henatite forms coarse tabular grains paralle1 to the folia-

tion or finer grains included in the qriartz, I'Lagnetite occurs as equant,

anhedral grains conmonly ri¡nmed and vej¡red by late hematite" Minor amounts

of muscovite, dolornite, actinol-ite, tourmal-ine and zircon occur in the

heiratite-rich iron formation, ad cummingtonite and hypersthene occur i¡l

nragnetite-rich samples, Yod.er (f956-57) shows that iron silicates are

unstable in rocks contain-ing hemati-te, as the tv¡o react to form nagnetite,

quartz, and rr¡ater. If la¡'st.¿ rocks contaj-n both silicates and hematite,

it is because olqfgen did not núgrate between the layers,

Compositions of thin and polished sections of oxide iron forma-

tion are l-isted in Tables 18 and 25 in Nþs Appendix. Average samples

contain 60/" to 82/o quart,zo 5% Lo 25% hematite, I% Lo 22fr rw"gnebite, plus

5% to l-0% actinolite, cunmingùonite, or hypersthene j:n some samples, and.

traces of mica¡ tourmaline, and zirconu These are volume percentages.

iteight percentages of iron oxides are higher and of quartz are lower in

proportion to fhe speci-fic graviti-es of the minerals" Individual rocks

are rich in either hematite or magnetite, and the íron silicates are

found in the magnetite-rich rocks.

Si_Jigale:c arb onat e_f a c ie s

Roeks of the sil-icate-carbonate facies are composed of quartz,

j-ron-rich amphiboles and p¡rroxenes, magnetite, and some carbonate. Thick-

nesses range from 40 to 400 feet, the thickest being near the Pekans River
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in ihe Gras Iake Area. l.liost of the available iron is combined in silicat,es,

a"nd the faci-es d-oes not generall;r contain enough magnetite to be of eeonomie

importance' Itost va.r'ieties of the rock form hills wÍth good outcroÌr. Out-

erops of sÍl-ieate-carbonate jron forma.tion are shown in plate x"

ivlineralogv and textwe of the sj-1ícate-carbonat,e facies depend

nainl¡r on its grade of metamorphisro, The rocks are sj¡iil-ar throughout the

Gras I¿ke-FeU:c lake Area and- in the southern part of the Normanvj-lle Area,

but become finer grained and. more schistose as the Gt enville Front is
approaehed' ivor:th of the Front, they are on]y slightly metamorphosed and

consisL of quartz, sideriùe, and magnetite.

In the southern part of the area, r:ocks of the silicate-carbonate

facies are composed essentially of quartz, brown and. green pJ¡roxene (rryper-

sthene and dÍopside-hedenbergite), cu:nnr-ingtonite, carbonate and magnetíte

plu-s minor amounts of garnet and graphite, The quartz an¿ iron silicates
form al"ternating layers or irr"egular massesu lragnetite occurs in both the

quartz, and iron siU-cate portions" fn some places ferrod.o'lomite forms

rusfy-lteathering bands or lenses. Carbonate layers generally lack quartz.

Oompositions are exLremely variable, and. a thin section ma¡r n6l

be representat,ive of the outerop from which it earoe" Field notes give the

following cornposition range; ralá fu 3crl. orilhopyroxenej tÁ to t+V, crino-
pJ¡Toxene, 257" to fU/" quartz, IOI Lo 3Tti cummi_ngtonite, 5/" to !O/," nagnetite,

aiá to roþ earbona'[e, and as much as Jfà garnet and graphite" These are

common compositions, but any mineral nray be lacking in an individual sample"

Tabl-e 25 ín the Hppend.ix gÍves estimated mineral composi-tions of twenty

four thin sections of silica,te-carbonate iron formation" The range of

composition is large, and few sections have a composition cl-ose to the
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ïnterLayered quartz and
iron fornati-on south of

Pr-"q,Tii ;i

si-l-icate*carborete band_s in silicate-car.bonate
Kissing take, Norr¡anville Ärea.

D Àfter.nating baxls of
foc"maf,ion near Gras

pJiroxene
Lake,

ancl qrnrtz in si-ì icate:earbonate i:.on
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The most conroon variety of the rock contains layers of coarse

grained (1.5 nm') quartz w'ith m-inor pyroxene and magnetÍte, alternating

¡¡ith fine-grained (0.5 *t") quartz and about 35% to 5O/" pyyoxene with or

i,s-ithout, magnetite (PJate XI-s). The quart,z layers are mad.e up of a mosaÍc

of equidfurensíona1 grains with sutured borders, and generally even exbinc-

tion. The orthopJrroxene is brol^rnj-sh pink, optically negative, and not

strongly pleochroic; it ranges in composition from ferrohypersthene to

eulite, and commonly forms large (2-i+ mm.) poikilitic grains" The elino-
pJ¡roxene has a strong basaL parting; it is green, optically positive, and

has an exbinction angle (Z^r) of h2o Lo 55o, iviost, of the cLinopyroxene Ís

ferrosalite buü some ís saLíte, Cr;¡nrningtonite replaces theþpersthene,

but may

less to

also occur as discrete grains in the sifieate layers; it is colour*

light' brown, comronly twimed, and has an exLincùion angle-of l2o

The carbonate is generally altered to fimonite,

lvietamorphism near Greenr,rater and Bloom lakes was less intense

Lo 23o.

than in the southern parts of the areao Here the iron fornation is a

quartz-cu:nningtonite schist in which honey color¡red. needles of trtnnned

cunmingtonite are dispersed through a fine mosaj-c of quartz (rlate xr-A),

The quartz-curnrningtonite schisÈ is speckled with magnetite

octahedra and large llmonite bl-otches" The l-imonite is probably an altera-

tion product of siderite" The rock deforms by tight, chevron fold.ing with

the cumnringtonite needles orientecÌ perpendicular to the foLd ê.xêsE Compo-

sitions of four sections of cummingtorrtte schist are given in Table 18 in
the Appendix, The composj-tions vary within the 1irn-ì_ts t+O% to 6@ quartz,

el" ø lçO'þ nagaetite, l-:A7 to 3QØ er¡nnrington-ite, and actinolíte in caLcic
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PL¿{TI XI

e - Needles of currrningtoni-te in quartz-cuinrn-ingtonÍte-magne',"ite schist near
Greenwater l¿kee Nornå,nrr1lle Area" P.l-ane polarizeci lighì;, nagnifica-
tion 300x.

E - -llayers of quarlz and hypersthene in si-licate-carbonate iron fornati on
of the Gras Lake Area. Plane polarized tight nragnì.fication.180x"

f-j,'/4
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Farther north near Boulder aird Jackson l-akes the metamorphism

becomes very weak and the iron fornation retains most of its sedimentary

features. Here it is a fine-grained, #eys massive to thin berÌcìed rosk

composed essentially of quartz, magnetite, and si-derite, rn¡ith lesser amounts

of stj-lpnomelane, fine cum,ingtonite, and. garnet" The quartz forms a mosaic

of cIear, unstrained grains, 0'1 to 0.3 ¡¡m. in diar¿eter and. shows bedding b5r

slight changes in grain size" l"iagnetite and sj-derite both occur as distinct
grains or as cfusters of graj-ns elongated parallel to the bedding" The

siderite is partly altered. to limon:j-te. Tt is dj-stinguished from doloiaite

by its al-terationu darker eolour and hÍgher refractive ind.es (nE * r"635,
no = f,87).

Conpositions of thin sections fro¡r the Jackson I¿ke and Boulder

iake deposits are given in Table 18 in the Appendix. At Jackson Ï¿ke the

iron formation is composed of quartz, magnetite, and. sid.erÍte, and ruinor

cumnringtonite and sti-lpnomelane" In weathered samples some of the siderite
is altered to Limoni-te. An average rock of this group contains 567t ro 6?%

quartz, 13% Lo 2J'/ rnagneüite, l-oØ sideríte, and. 3ft to !fr limonite"

Near Boulder l¿ke the siderite has disappeared, there is 1ess

a¡tartzrand cu¡rningtonite is a najor constituent, Iarge porphyroblasts of
pink garnet have formed in some samples" The garnet replaces cun¡nringtonite

and incorporates magnetite layers w'j-thout disturbing them. a rim of

stilpnomelane occurs between the crs¡rningtoni-te and. garnet" The garnet of

one sample has n = 1.Bl-8., and ao = fl-.62 i. Curnmingt,onite in the same

sample had refracti-ve indices n, and n, of L"676 and 1"696, These proper_

ties j¡rdicate a uu+2/(Fe+2 + ìoig) ratio of o,T2 i-n the cr:mmingt,onite, and
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suggest that the garnet is andraditic almandine" The stilpnomelane forms

small- flakes r+ith parallel exbinction" They are length slow, pleochroic

from ye}low (X) to green (Z), and optically negative i,rith a very snall 2V.

The average composition of the thin secti-ons sbudied is 15'Ã to

JJ/o quarLz, 9% to 5UÁ ctxwníngtonite, 6% to 36"Ã, nagnetite, a'Å ø 6% sLlap-

nomelane and Q/" to 6% limonite. Large garnets occur in some samples, To

the south the schist passes into the quartz-cunrningtonite schist described.

earl-ier "

Q{vlne-Ð¡¿o:cege:cgrÞogat e_f a cleg

The upper meniber of jron formation in the Gras Lake Area lacks

quartz and is eharacterized by large grains of pyroxene and olj-vine set in

a groundnøss of carbonate, chlorite and amphibole" This type of iron for-
n'atj-on is welL exposed at the top of låmêlée and Hobdad hills, and near the

southwestern corner of the Gras lake Area. Outcrops are coarse grained.,

dark green to black, and rusty-weathering" Some varieties are tough and

resist weathering, wherea6, others weather easil¡r, leaving the p¡rroxenes

projecting from the softer carloonate and chl-orite, South of the L:ittle

luanicougan River the rock j-s cut by thin stringers near r,çhich the pyroxene

is aLtered to hornblende and garnet" In shears the rock is altered to

soft chlorite schist.

Table 2J gives the m:ineral composition of three thin sections of

the rock, and one comparable section from an olivine carbonate pod in the

conmon silicate-carbonate iron forn'atj-on. The rock is distinguished by

the presence of olivi-ne or its alteration products, and the absence of

quartz" The average composition of unal-tered thín sections falls in the

range; lTii to l+3% orthopJrroxene, IU/. to )+l+7, dol.orrrlteo ?% lo 15% olivineu
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lVá Lo W% nagnetite, as much as 57. cunimington:ite, and traces to a felu per

cent of biotite, garnet, and spinel" The mafic mi:rerals inay alter to horn-

bJ-ende, chlorite or serpentine"

Orthopyroxene and. cummingtonite eontain Less iron than in the

conmon sili-cate-carbonate iron formation. The orùhop)¡roxene is bronzite,

and is commonly ful-L of schiLler magnetite. Olivine forms rouird grains

whieh may be col-ourl-ess or reddish brown; it is optically negative, with

a 2V of approxirnately fOo. The brov¡r coLour seems to be a stain or altera-
tion, and does not affect the optieal properties of the rnineral. Olivine
(rortonalite) frorn a carbonate pod in the coÌrnon sj-licate-carbonate iron for-
mation has a Fe/(Fe + i'Ig) ratio of O,?5. Chl-oråte, dolomite, and in one

section hornblend.e forro the groundnass surrounding clots of olivine an¿

orthop¡rroxene. Garnet anci green spinel are accessories.

r¿mêIée and Hobdad hilrs are capped by a striking variety of

this rock nrade up of 3-inch rosettes of grey orthop¡rroxene set i-n a ground-

rnass of green chforite and buff carbonate (flate XII)" Some of the chl_o_

rite flakes have been bent by the grow-ing orÈhopyroxene, with which they

are apparently in equilibrium' Shears in the rock are filled ¡¡ith fibrous

brovnr cumingtonite and brittle green miean This rock has been thoroughly

ciescribed by itrank (1959) who named it hobdadite"
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Hobdadite, a variety of silieate-carbonate iron fornation, i-n whieh nodules
of bronzite grow þ a matrix of ehlorÍte and jron-rich carbonate" This
outcrop is on the top of l¿nêl-ée Hill-"

Qrlgln-agd-mgtgngrphåsg gf-th e-igop f ogrngblon

i,iuch has been written about the origin of Preca¡nbrian iron for-

mations. ft is be¡rond the scope of this thesis to add anybhing to the

discussj-on so it wiIL be kept as brief as possible. Those interested in

theories of deposition of i-ron fornption are referred to the works of

Evoy (1955), Hough (1958), and Bérard (1959) where they are reviewed in

¡nore detail-.

Most authors agree that iron formations are chemical sedi-rnents

cieposited in bodj-es of standi-ng water, There is less agreement on whether

the iron comes from weathering of an ofd l-andnass or from contemporaneous

vul-canism, or on r¡hether it is deposited i:r fresh or salt lvater 
"

Iron sedimentation was put on a quantita.tive basis when"Kn¡mbein

#,T]
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and Garrels (f952) outlined. the fields of stability of iron oxides, car-

bonates, and sulfides in terms of the oxidation potential and pH of the

water in which they are depositedu James (L95h) d.escribed. the gradation

froia oxide facies to carbonate, si-licate, and. sulfide facies in rake

Superior iron fornations. This is the best kno¡m geological example of

the control of facies by o:çrgen supply,

fn the iviount -u{right Area the sedimentary te:úures snd most of

the origj-naL minerals of the iron formation were destroyed. by metamorphism.

In places of strong deformat,ion even the sequence of deposj-tion is uncer-

tain. Although sedimentary detail has been lost, sed.imentary facies can

sÈiLl be recognized and have been shown in Figure L The rnin facies zones

run paralLel to the Archean-koterozoic contact; o:cid.e facies occurs closest

to the contact, and sil-icate-carbbnate facies farther to the southeast. A

sulfide facies was not recognized but pyrite and graphite occur in the

southeastern parts of the silicate-carbonate facies. locaL differences of
environment resulüed in the deposition of a tongue of the oxide facies as

far south as Fire Ïake, and the depositÍon of a tongue of the silicate-
carbonate facies as far north as Jackson Iake"

CondiÈions of sedimentation changed rapidly near the proterozoj.c

shore" Near i.ts northwestern }i¡rit, the iron forrnation is thin and dis-
continuous, and near Boulder l¿ke it oecurs as trso bands separated by

gneiss. The tr¡ro bands thicken and. run together in the centre of the Bloon

Iake syncline. The iron for¡nation reaches its uaxi.mum d.evelopnent in the

southern part of the Normanville Area, and thins again gradually south-

eastward"

The iron was most probably derived. from weathering of the Ârehean
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continental rocks in the northwest, transported. in solution, and deposited

as banded chert and hernatite, or as quartz, siderite and rnagnetite, depend-

5Ig on the Local- oxj-dation potential. The Íron amphibol-es and p¡;"roxenes

formed by metamorphic reaction between quartz and iron carbonate, or by

dehydration of hydrous iron sj-licates such as greenalite (Deer et a1,,
1962, T. 2e p" 245)z

7FeC03+8Si02+ HZO

Siderite + Quartz + Water + Carbon
Dio:cide

Fe7:igo22(oH), + 7 coz

Grunerite

7 Fe3Sir05(0H)4 + 10 SiO, ---+ 3 Fe7SigozzirelÈ)z + LL Hzg

Greenalit,e + euartz Grunerite + -t{ater

iuith higher grad.e metamorphi-sm h¡persthene formed. instead of grunerite
(cwüaingtonite), and if siderite was present in excess of quartz, olivine
was produced"

Detailed studies of the iron formation have been nade at Bl-oom

ralce (I'iueller, 196A, r96L) and at Fire ]¿ke ar¡d Mount Reed. (Krank, 1g61).

Their rnain concern is the mineralogr of the i¡on formati-on, in particular
the composi-tions of coe:cisting silicates. The present thesis is based on

larger scare mapping, and is more suited to shovr regiona.l changes in the
iron formation and other rock units"

The iron fornration changes in both sedi!.rentary and metamorphic

facies within the area. Iu[j-nerals of the oxide facies are stable through

aÌl grades of metamorphism, becoming coarser grained as the grade increases"

These cìranges are important economically as the coarser the ore the easier

it is to concentrateu
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i{-inerals of the silicate-carbonate facies have smaller stability
fields, and a nunber of isograds are marked by changing assembrages"

Toder (1956-I95f) and James (L955) have studied the ¡ni-neraL assemblages

developed in iron formatj-on i-n response to metamorphism, They approached

the problem differently; Yoder studied the chemical systens Feg-SigZ-HZO

and Fe0-4I203-S1O2-HZAo rqhile James described natural assemblages observed

in the fi-eld" Àecording to Toder unmetamorphosed rocks j-n the system Feg-

Si02-H20 are composed essentially of greenalite and. quartz. Increasing

metamorphism prociuees new m:ineraLs in the seguence greenalite - minnesotaite

- grunerite - falrafite (or hypersthene if the rock contajns an excess of

quartz). ff alumina is present the sequence is ehamoisite -sti-lpnomelane

- chLoritoid - biotite - almandine, and if ùhere is an excess of aluinina,

additional isograds are nerked by stauroÌite, þanite, and cordierite.

fn the present area the iron silicates seem to have formed by reaction of

siderite and quartz, so Yoderrs carbonate-free assemblages do not strj-ct1y

apply" Jaroes¡ natural assemblages are cLoser to the ones found here,

Tabl-e 5, condensed from James (1955, p. h75), shows rn:ineral assemblages

developed by i.ncreasi-ng metamorphism of non clastic iron formation com-

posed originally of quartz and iron carbonate andr/or i.ron silicaùes, In

the Normanville Area Lov¡ grade assemblages change to high grade ones in
a distance of about 12 miles,
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TABLE 5

MII\E¿ìJI"T ÁSSE!1EI"4.GES IN ]@TAÞIORPI{OSE] TRON_BCRMATION

Iow Grade (L) Internediate (2)

StÍlpnomeJane i'iagnetite
fiînnesotaite
llagnetite

C'runerite
Quartz

Carbonate
Garnet (clastic only?)

Hieh Grade (3)

Grunerite
Quartz
I{agnetite
Pyroxene

Carbonate
Quartz

(f) Cnforåüe and biotite zonêø
(Z) çarnet and stawolite uoneo
(3) Sil1iuan:ite zone (inferred.)"

The ¡¿inerals present in a succession of iron forrnation deposits

crossing the Grenville Front j¡r the Normanville Area are shov¡n in Figure

9" They are similar to those of James, but differ in some oetails; min-

nesoÈaite was not, recognized here; clinopyroxene appears before orthopy-

roxene, and both are stabLe in the þanite zone; olivj_ne is present in
carbonate pods within the þanite zor!êø

The ::lineralogr of the gneisses associated .r¡¡:ith the iron for¡nation

is also shourn in Figure 9, and metamorphic facies and subfaciee boundaries

are placed in rel-atÍon to the rnineralogy of the gneisses and. iron formation.

Chlorite changes to biotite between Jaekson and Boulder lakes, and. þanite
was first observed near Kissing Iake" Sillitnanite and staurolite were

not found in the area, so the facíes boundaríes narked by these rnj-nerals

cannot be shown" The common gneiss is quartzofeldspathic in eomposition,

and does not contain the sensitive aluminum siLicates"

The imFortance of the bulk conposi-tion of a rock in deternrining

the stabili-ty fields of its constituent niinerals has been suspected for
some ti-¡ne" Sietsarri- (1954), (quoted from Reynolds and Fredricksonu L962),



F
ig

ur
e 

q

I R o N F 0 R M A T I 0 N

S
t 

L 
tc

 A
T

E
 

cA
R

 B
oN

A
T

E
 F

nl
cl

E
s 

rlc
nn

so
N

A
T

E
 F

A
ct

Ë
s

I

fi fr
i

-Ì
r:

lr
: 

--
--

 
-r

- 
il-

 d
ol

om
ite

r.
l

. 
: 

' 
i 

!l

G N E I 5 S

ol
bi

te ep
id

of
ch

lo
rit

e 
-

' 
ol

iq
oc

lo
se

i- ii Þ
l

L
| 

. 
t.r

'
fìl

ôï
lT

P

, 
oo

rn
et

 ;

i 
-+

I

i 
i 

?-
 

lk
go

ni
te

C
hl

or
ile

zo
ne

G
re

en
sc

hi
st

 F
oc

ie
s

B
 io

tif
 e

zo
ne

G
or

ne
t 

zo
ne

I 
t.

_i
i 

ol
rv

rn
e

A
lm

on
di

ne
 A

m
ph

ib
ol

tfe
 F

oc
ie

s
K

yo
ni

le
 

¿
on

e

' I ! !

o

00 o



B1

questions Ùhe valiciity of 'r,he ¡nineral facies concept when applied. to rocks

of different composition:

;r--- one räay' actuafly irionder whether the present classification of
the metamorphic facies ir¡j-th their criùj-cal rn-inera-l assenrblages is
not unconctitiona'll-y valid-; and r,;hether the brilk composition might
be a more jmportant factor in controlling n_ineral associations of
the metamorphic rocks than is assulted.tî

The early developnrLent of orthopyroxene in iron for.mation is an

excell-ent example of ùhe telescoping of isograds by rock composition,

(,trthopyroxenee clinopyroxene, ancl ol-iviner are stable in iron fornation

interbedded i,rith cornmon qu.artz-feld-spar-biotit,e-(garnet-kyanite) gneissesø

fn pelitic rocks pyl'oxenes do not occur at lower than the pyroxene granu-

l-ite faeies; j-n iron formation they are stabLe in intermedi-ate alnandine

anphiboÌite facies.
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CITAPTTA, VI

}-,ROTM,OZOIC TGNEOUS BOCKS

Introduction

The Proterozoic rocks of the area are intruded. by two nain groups

of igneous rocks, granitic rocks, and a basic suite composed mainry of

gabbro but including ultrabasic, internediate, and acidic differentiates"

The grani-tie rocks are found j-n areas of moderately high metamorphism and

generally occilr as corrforrnable bodj-es in the Lower gneiss " The gabbro

forms siIls in competent rocks of the fron Forrration Series and in ühe

gneiss easÈ of the i,i,oi-sie River, iviuch of the gabbro has been altered to
enphibolite or to a feldspar-garnet-pyroxene gneiss, The intrusion of

both the granÍtic and gabbroic rocks Í-s thought to have accompa,nied the

Grenvil}e Orogeny,

Roeks of the Basic Suite

Gabbro

thick gabbro sills jntrude the Proterozoic rocks of the areae

and stand as hiJ-ls above the less durable gneiss. The gabbro has been

named ffShabogamots after the lake near which it is ertensively exposed,

Fahrig (rg6o)"

The gabbro shows narked variation in t,exture and rnineral compo-

sj-tion. It -vras originally ophitic, and. in the Normanville Area the ophj-tic

texLure is stifl easy to recogn-ize. Alteration, probably accompanyi-ng the
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Grenvil-]e metamorphism, has produeed corona,s of fine-grained secondary

minerais surrounding the primary mafic ni-nerals, and i¡r ¡aost of the south-

ern area has destroyed the original ophitÍc texbure"

ïn the itTorrnanville Area euhedral laths of lal:radorite penetrate

augite, hypersthene, and oLivine" The augite is clouded with nagnetite

dust and the h¡persthene contains schiller nagnetite, The primary ¡rafic

minerals are rj-mmed ¡¡ith successive coronas of fine alteration products"

Colourless fibers of orthopyxoxene radÍate outward from corroded olivi-ne

cores. These are surrounded by green uralite, and in some samples by an

outer ri¡n of garnet. ivíagnetite, albite, and quartz are interstitial- to

the early crystallizing grains.

A typical cornposition for this type of gabbro is; 5VÅ to 65%

plagioclase (Anrr_75), Z% to LØ olivine, 5% to lfi augite, 5% to 7% oqque

oxide, 5% hypersthene, 3ïá to 5d/, bíot,íte, and a few per cent antigorite,

iddingsite, and apatite. The coronas add about 5"Á of both secondary

orthopy-:eoxene and uralite, and traces of garnet.

Few gabbro bodies in the Gras l,ake-Felix lake Area have retained

their ophitic te>Sure" Tnose that have, contain L/4 j:ncn laths of light

green altered plagioclase surrounded by black mafic n-inerals. Rims of

fine-grained red garnet have grown between the mafic nrinerals and the

feldsparu Coronas from the ltùormanville and Felix I¿ke areas are compared

in Plate X]II.

The coronas are rnore strongly developed in the southern areao

The inner layer of fibrous orthopyroxene is the sane, but in the southern

area the second layer contaj-ns green clinopyroxene as weli as uralite, and

the outer garnet layer is always present" yùhere the recrystaLlization j-s
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À - Photomicrograph
and plagioclase
uz'ali te " Pl-ane

PLt?r. XIIï

of corona in gabbro from the ltiormanvil-Le
react to .form a doubLe halo of bronzite
polarized light, magn:i-ficat,ion 300x"

Area. Olivine
surrounded by

Photolit-icrograph of corona in gabbro from the Feljx lake Area" Ohvine-
plagi.oclase reacti-on produces a triple halo of fibrous bronzile, sur-
rounded by clinopyroxene which grades out'¡rard into garnet" Plagioclase
is recrystallized, and clinopJrroxene is fuÌl of rnagnetite dust. Plane
polarized li€ht, magrtification 1J0x"

B-
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advanceci, the garnet ri¡ns of adjacent coronas may merge to form networks

or paths through a rnatrjx of py-roxene and feldspar" Further recrystalliza-

tion is accompanied by the development of a crud.e gneissosíty parallel to

the fol-iation of the surrounding gneiss,

The recrystallized gabbro in the southern area j-s composed of

anhedraL plagioclase and euhedral garnet inclosing streaks of clinopy-rox-

ene, biotite, hornblende, and magnetiÈe, Some samples contain large green

porphyrobl-asts of aegírine-augite, Table 27 in the Appendix gives the

composition of thirteen thin sections of gabbro from the Gras l¿ke-Fel-j:c

I¿ke Area. Samples in whj-ch an ophitic texbure can still be recggnized

are marked lrith an asterisk. Average rocks from this group contaj-n 3V" Lo

5CfÁ plaeLoclase, 5% No LW" clínopyroxene, Tfr to Ilfi garnet,o j7, to lTÅ

hornblend.e, 2/o to LO'Å biotite, AÁ U 1Ø orthopJrroxene, as rmch as */o

oLivine or icldingsite, o"/á to lv% ur',ene1-ite, and snarl amounts of apatite,

spinel, and pyrrhoti-te. The composition range i-s Jarge as the percentages

include primary and secondary forms of plagioclase, amphibole and pyroxene,

and are averaged from rocks in different stages of alteration.

Biotit,e in the gabbro is red brourn, and has an i¡ltermediate

refracti.ve index, nyr between 1"645 and 1"6f0" Primary hornblende is
pleochroic from yellow brov¡: to dark brown, and secondary varieties are

grê€no Green hornbLende replaces augite, and biotite replaces orthopy-

roxeneo The primary clinop¡rroxene is augite with an exbinction angle of

about fOo, and is full of dusty magnetite j-ncfusj-ons* fn the altered

gabbros near Felix Le,ke bottle-green aegiriae-augite with an exbincti-on

angle of about 650 is rlore eoffinono Some samples contain both clinop¡rrox-

êrress The garnet oecurs as smaLf euhedral grains with a refractive index
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betrueen L"777 and 1.783, and. a ceLl- edge between l-I.55ó and IL"5T5 ?\.

Ïncompletely altered gabbros contai-n two generati-ons of plagio-

cLase" The pri-nary laths are strongry altered" They contain neny tiny
tabLets of cli¡rozoisite, and any tvrin-ning has been destroyed" The fine

arteration products probably give the plagioelase its green colourn

CLusters of small polyhedra of secondary plagiocLase occur between the

larger grai¡s. These are tr,,rinned, and less calcic (An2g-¿g) than the

primary plagioclase,

Corona_dgvglgpgegt

Corona development in l'ùorwegian hypersthene gabbros is discussed

by Reyrrolds and Fredrickson (Ig62). They find that, olivine in contact with

plagioclase is invariably surrounded by an i.nner layer of fibrous bronzite,

and. an outer layer of simplicitj-c blue green horn-olende and spinel" lr¿¡s-

netite has onÌy the outer hornblende spinel coronao A third layer of

garnet is present in rare highly altered samples"

Coronas are thought to have d.eveloped when aequeous s1lica-

bearing soLutions caused the olivine-bronzj-te transforrnaüion, which in
turn liberated sufficient iron and magnesium to form hornblende and spinel

from the feldspar. Spinel formed where the plagioclase contained more

a}:mina than could be incorporated in the hornblende" Silica and spinel

are incompatible, and if silica is not removed. quickly enough by ttre

oLivj-ne-bronzite reacÈion, the extra alurnina forms garnet rather than

spinel" Reynolds and Fredriekson conclude ühat since coronites have not

reaehed equilibrium, their r¡iineral assemblages depend on the amount and

rate of addition of water and silica as much as on the temperature and

pressure at which the reaction took place, and the usual concept of
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Coronites of the Ìtlornranville Área are si¡ril-ar to the i\iorwegian

oneso OlÍvine is surrounded- by an ir¡ner rim of orthopyroxenej an¿ an

ouLer rj-rn of green hornbl-ende, bu"t rarely spinel. The reaction rins do

not eontain clinopy'roxene nor much garnet, üomplete recr¡rstallizat,ion of

the gabbro yierds amphiborite. rn the Fel-ix r¿.ke Àrea, the gabbro was

more thoroughÌy recrystallized under a higher grade of metanorphism"

Secondary clinopyroxene and- garnet are collrnon, and complete recrystalliza-
tion yields a pyroxene-garnet-feldspar gneiss. One can conclud.e that in
tne present area, the mj-neralogy of both coronitic ancÌ completel;r recrys-

tallized gabbro i-s strongly inl'lu.enced by the cÌegree of metamorphj-sm at

r,¡hich the recrystalliza'r,ion took p]_ace.

iuietqeabb¿o ArÌìphibelit e

fn the ltlormanvil-le ¿irea and the western part of the Gras .t_ake-

Felix lake Area thin amphibol-ite bodies are interlayered with the meta-

sedimentary series. The larger bodies of amphiboli-te in the i{ount lvright

s¡mcline have gabbroic centres. The change from gabbro to amphibol-Íte rnias

stucÍied in deta.í] by Gz'oss (L955) " In general it j.nvolves the addition of

r^rater, r'ecrystallizati-on of ihe origina.l mj-ner.al-s to oligoclase, hornblende,

a,nd- 6arrret, and d-evelopment of foliation par:alÌe1 to that of the sr:rrou_nd.-

ing rocks"

The ariphibol-ite is a m.edium grained, dar"k green rock, composed

essentially of p1a6;ioclase and hornbl_ende, wif,þ sinal_ler amounts of biotite,
garnet,, ilmenj-te, and in Þ1aces quartz" À r^¡eak fol-iation resu-Its frora the

align:nent of hornbl-end-e and. bi..oti-te¡ and small lenses of mafic ar:d. fel-sic
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constituents.

I'fineral compositions of amphibolite in the hiormanvill-e and Gras

La.ke areas are given in Tables 19 and. 27 ín the Äppendix" Average samples

contain 26% Lo t+61à plaeíoclase (an26_3p), 22% ro hz% hornbl_ende, ffi to Jh%

bioti-te, 3'Á to 10% opaque oxide, L% to 6fi garnel, and up to J/. quarhz,

Apatite and sphene are conmon accessories" Compositions are more variable

in the Gras lake Area than in ihe Normanville Area, possibly because the

siLls are thirurer and more altered in the south"

The pJ-agioclase is generally fresh, poorly twiru:ed., and zoned

from relatively caLej-c borders to a sodic core6 HornbLende is pleochroic

from yellol¡I green to darl< green, and has an exL,inction angle of about 28o.

i'iost of the hornblencie occurs as subhed.ral grains in nafic clusters, but

in the NornanvíIle Area sone larger ragged poikilitic grains of prirnary

hornblende remain" Biotite is brown or red brourn and aligned para]-lel to

the foLiation" Sphene occurs with the nafi-c mi-nerals, and is generally

accom¡nnied by ilmenj-te"

The amphibol-ite anci the metasedilentary hornblend.e-garget rocks

have somewhat simìlar compositions" The following table conpares the

average a¡nounts of ivnFortant mi.nerals in the two rock types.

TÀBI,E 6

I'jII\IERÄL Coi"tosfTIoi'ù 0F Ii0RNBrdi\tDE-C*lìNET ROCK .4.]üD AiVPHßOLIÎE

. PlaA" Qtz- Bio. Hnb" Garn, Cpx.

l"iean l:6,6 4"8 3 "3 3T "g I9"O I4.0) Hornblende-Cnarnet
iulean Dev, I3.9 5"5 4.C 19.0 6.9 9.6) Rock

I{ean 36"3 t+"8 11"0 32.3 3,9 0 )
ivfean Dev" l:O"2 2.t+ 3,5 9,8 2"8 0 ) Anphibolite
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In general t'he arnphibolite contains more plagioelase an¿ more

biotite than the hornblende-garnet rock" The hornblende-garnet rock con-

tains much more garnet, some cli.nopJrroxene, and has a more calcic variety
of plagiocl-ase than the amphi-boLite.

Intermedi.ate Rocþ

Parts of the basic sills in the FeLix I¿ke Area consist of
syenodi-orite' These rocks are composed essentíally of oligoclase feldsFar¡
biotit'e, hornblende, clinopyroxene, and. garnet" The ¡nafic m1nerals may be

concentrated in streaks, or distri-buted evenJ_y through the rock" The

intermediate rocks differ from the nearÌr;r gabbro in having some antiperth-
ite, more plagioclase and. biotiùe, and less amphibole, plroxene and garnet

than the gabbro' The plagioclase is more sodic than that of the gabbro.

Compositj-on estimates of six thin sections are given i-n Tabl_e

27 in the Appendix' TypicaÌ syenod.iorite contains 5?,Ã io 73% plagiocrase
/. \ tàlLny5-2;)' 6% lo rOflá biotire, 1ñ to rlf. hornbrend.e, 3% ro rL% clinop¡rroxene,

3To to T,6 garneL, as mueh as h% opaque oxide anci quartz, some orthopyroxene,

and traces of apatite, and zircon. The ptagioclase is antiperthitic and

in two of the sections is replaced by scapolite.

Ultrabasic Rocks

síI1-s of medi-um grained rrrack peridotite .Árere

gneisses along a zone running close to the l4oisÍe River

hal-f of the Felix l¿ke Area. They are composed of dark

with as much as 3O7, oIívíne, and minor amounts of green

weather to a coarse pJryoxene sand." The peridotite near

injected into the

in the southern

green p¡rroxene,

amphibole. Out,crops

Pegma l¿ke underlies
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a gabbro sill, from which it probably differentiated"

Thin seetions shov¡ that the pJmoxene is light green augite with

an extinction angle (znc) of approxi-nrately 50o. It is intergrown with and

partly replaced. by }Lghter tremolite l^rith Z^e of about 2Oo" OLivine is

partly altered to iddingsite, and a m:ixture of anti-gorite and magnetite.

Sulfides assocj-ated with the Pegma lake peridotite, have been

staked and driLled, and are descvi-bed in the chapter on economic geology"

Pyrrhotite and carbonate aLso occur in an ultrabasic sil} close to the

southern border of the areaø

acidi-c Orthogneiss

The gabbroic sil-ls in the Felix jþke Area grade upward into

acidic orthogneiss. This j-s a medium grained rock containing lenses of

grey quartz and ruafic minerals set j-n a rnatri:c of sugary broir¡n feldspar,

Gneissosity nay show i-n the al-ternati-on of mixed felsic and mafic with

pure felsi-c layers, or in preferred orientation of mafic speckles or

quartz lenses.

The dark coLours and wa:ry lustre of the quartz and feldspar give

the rock the appearance of a granulite" The orthogneiss is much younger

than the Archean granulite and occurs in a different part of the area" In
thj-n sectj-on the orthogneiss is more even te>öured and less al-tered than

the granulite" Both rocks probably forrned at high temperatures so inher-

ited megascopica.lly similar characteristÍcs,

Table 26 gives composition esti¡nates of seven thj-n sections of

the acidic orthogneiss" A typical rock of this type contains zffi Lo l+UÃ

plagioclase (Àn1g:¡5), 3tt' to 56fi perthit,ic microcline, ùÁ to 3'Ã quartz,
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2i" to LM hornblende, Ufr to 3% bío1cíte, JÍo to 5% aegirine-augi-te, l% to t+"Á

garnet, 07á t'o 31á hwersthene, about $ opaque oxide, an¿ t,races of apatite"
zircon, and sphene"

Î+icrocline forms I.J ron" anhedra from which the plagioclase has

exsolved to fine lameLlae and to grain boundaries, One-quarter to one-

hal-f of the perthite is albite. Plagioclase aLso occurs as 0.2 to 0.5 mm"

clear equant grains interstiti-a1 to the microcline" ft is more aLbitic
than plagioclase found in any of the other rock types" Both bioti-te and

hornblende have very strong pleochroismn Biotite is pleochroic from

yellow to black, and hornblende from brownish green to very d.ark brown,

Hypersthene Ís rreakl¡' pleochroic from pink to green@ The c1i¡ropyroxene is
iight green to bottle green aegirine-augite with an exbinction angle of
53s t'o'62o " Some of tÌre cl-inopyroxene contai:rs intergrolon exsolution
lamel-lae of orthop¡aoxeneø Snall, dark red. garnets lie near the centres

of plagioclase cJ-usters; they were never seen i¡ contact with rn-ierocline,

Iarge euhed'ra1 zircons are associated. with the opaque oxide" Some of the
hypersthene is al-tered to a yellow-brororn, uniaxiaL negative nd-neraL

(hernatite?). The microtexbure of a typical orthogneiss is shown in plate

XIV"
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Fine perthitic intergrowbh and albitic bord.ers of potassÍu¡l fel¿-- spar in the acidi-c orthogneiss" Stained section" pLane polarizedlight, rnagnification 300 x"

The acidie ortiiogneiss resernbles the other members of the basÍc

suite in containi-ng extremely pleochroic biotite and hornbrende, and

relatively large amounts of opaque oxid.e and zircon, The refractive
indj-ces of its biotite (ny = L.6g - f.ZO), hornblende (n1 * l"?0 _ !"T2,
nZ = 1"7L - I"73), and garnet (n = 1.81) are the hi-ghest recorded in the
area "

The scarcity of biotite, and the mi-crocline-plagioclase i:rter-
growbh i-ndicate that the rock formed in â dr¡, envjnoment at temperatures

high enough to dissoLve rnuch of the plagioclase in the mieroclínee

(t'nttte and Bowen t :1958)' ft is a high tenerature ivater-deficient

differentiate of the Shabogamo Gabbro"
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Granitic Rocks

Quartz i'lonzonite

Bodies of white to pale pi-nk, generally gneissic quartz monzonite

occur in the souÙheastern corner of the }üormanville Area, and in ùhe west-
ern two-thirds of the Gras lake-Felix l-ake Area, They are most abundant

in the lower gneisses, but also intrucie the fron Forrnatj-on Series and

upper gneisses" iujost of the bodies are conformable lenses or si]jls with
wj-dths of from tens to several hundreds of feet" Fol-iation is paralJ-e1 to
that of the enclosing rocku Fehr of the bodies are honogeneous; instead
they contain rernnants of gneiss, and may grade through nigmatite into
gneiss.

Tabres r-9 and 26 ín the ÀppendÍx, give compositions of thin
sections of quartz monzonite from the ùlornanvil-Ie and Gras I¿ke-Fel_ix I¿ke
areas" Compositi-ons are vari-able and seem to depend in part on the com-

position of the surrounding gneiss. Both gneiss and quartz monzonite

eontain more quartz and muscovite, and less hornblende and garnet in the
Nor¡äanville Area than in the Gras l¿ke Ärea 

"

Average compositions fal_I in the range; 22% to JO$ pLagíocLase

(Atf¡-jO) , IÜB to 3%. microclj.ne, ZU/o to 364/" quartz, Zfi to 5% bíoli;ite, ffi
Lo 6% muscovite, Ø to zfi garnel, and traces of epidote, apatite, z.'rcono

and sphene' Hornblende occurs where hornblende gneiss has been injected
and partly digested.

The plagioclase is sericitized in places, but the nÉcrocline Ís
freshu iuicrocr-ine exsolves from and repraces plagiocrase" The pragio_
clase nay a]-so be replaced by large fl"akes of muscovite. A rj¡r of albite



94

forms between the microcLine and plagiocl-ase, Biotiùe is generall¡r light
brovrn and inay be chloritízed" Grains of hornbl-ende are anhedral, and

embayed by feldspar. They have the pleochroic formula ¡ = yellow green,

Y = green brown, Z = slightl¡r blueish green, ancÌ exbinction angles ranging

from l-7o t o 32o "

The quarfz monzonit,e differs from the lower gneisses in having

Less mafic minerals, and more potassium felds¡rar. However, the ninerals

in it are sjmil-ar to those of the nearby gneiss. It uas probably formed

by partial- rerneLting of the gneisses, followed by injection of the fluid
portion. The fluid also mjxed, and reacted ¡rith the host rock forming

rnigrrratites and h;.-brid gneisses. 'l^there iron formation is injected, Iarge

red garnets are developed" Ioca1 concentration of iron and reduction of

he¡natite to magnetite takes place at the granite eontact, A ver.y iron-

rich outcrop south of Halflnúle Lake probabty formed in this way,

Granite East of the lvioisie H,iver

East of the ivioisie River the eoromon gneiss is metasomatized and

intruded by gabbro and its cierivatives" Granite in t,h:is part of the area

rs pinkish grey, leucocratic, and characterized by red-stained. spots

surrounding centres of aLlanite, i"¡þathered surfaces are white or red.

These granites include gneÍssic types, buÈ are mostly fine-grained and

massi-ve" They contajn about the same arnounLs of quartz, plagioclase, and

microch:re anci less biotite than the quartz monzorrite. i'ragnetiÈe and.

zírcon are coürTton accessories u

Both í'erdspars are fresh and weLr twirured. plagioclase is
albitic" Biotite and- hornblende have very strong absorption and high
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refractive indi-ces. Zircon occurs as large euhedral grains.

þlineral content of síx thin sections of the granite i-s shown in
Table 26 ín the Appendix. Average rocks in this group falj- 1n the compo-

sition range; 25% to lç7ft pLagioclase (Ln5-zo)r 27% Lo 33% nícrocl"j-:ner zcri!

to 33% quartz, Tli or z'Ã bioríLe, r% opaque oxide, and. traces of apatite,

sphene, zircon, and aLlanite" Some sampLes contain garnet, hornblende or

rmrscovite" The granite i-s rel-ated, to the gabbroic suite in that it con-

tai-ns highly pleochroic biotite and hornblencie, and relatj-vely rarge

amounts of the accessory rni-nerars alIani-te, zircon, and magnetite"

A zone of red-stained potash-metasoniatized paragneiss lies just
east of t'he }ioisie Ri-ver betr+een the outlet of FeLix I¿ke and the southern

border of the area o Tl'r-ls gneiss contains a s¡nal-I proportion of massive

grani-te, and was probably formed by fluíds rising along a zone of weakness

near the iuioisie River"
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i'Ji'¡Ea,ÀL0GY

ïntrod.uction

The counon rock forming iri-ineral-s occur in different proportions

in the various rock types, and d.iffer in composj-tíon from rock type to

rock type. The mineral proportions of the different rock types have been

discussed" This cttapter is concerned w:ith the relationship of mineral

composition to rock t¡rpe.

i'fiireraLs having ionic substitution and occurring in most of the

collnnon rock types were cÌ'losen for study" ïriork was eonfined mainly to
routine cÌeterralnati-on of refractive indices and unÍt ceLl size" These

properties change with changing composition, and ean be used to compare

the coniposi-tion of minerars i¡r the different rock types. They are pro-

perties which can be deter¡rined. rapidly, so ma,ny samples can be eompared

in a relatively short time"

The chapter contains two mai-n sections, a general stud¡' of the

niineralogy of the common rock types, and. a more detailed study of coex_ist-

ing cumnington-ite, orthopyroxene, and clinopyroxene of the iron for¡ration

and of calcite coexisting with doloni-lte j-n the marbLe. Än attempt is
nade to use the coexisting pJroxenes, and coexistÍng carbonates as

geothermometers to measure teinperatures of metamorphism of the areao

Procedure

The rock to be studied ru¡as crushed. and sieved, and the -50 +100
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mesh fraction was separateci i-nto magneti-c and. non tnagnetic parts r"¡ith a

Franz Isodynarrr-ic Separator" Refractive índices were then deteriuined for
garnet, and for cleavage flakes of biotite, amphibole, p¡rroxene, and some

plagioclase. The refractive index of biotite flakes i" *y. Curves relat-
ing refractj-ve indices of cleavage fragments of plagioclase to composition

(Tsuboi, l-923) can be found in most opti-caI mineralogy texbs, and sinilar

curves for anrph-lboles and. p¡ffoxenes are given by Farker (rger). plagio-

clase was determj-ned j:r thirì section by the Bittmann method (Erunons, L9L3,

p' 11J)" Twelve py-roxenes frorn the iron formation were analyzed for Fe"

i'lg, and Ca.

cel-l- sizes of garnet and cal-cite were d.etermined by x-ray

ciiffraction. The crushed marble was staineci with Al-izarine Reo S to

ciistinguish cal-cite from doLonite (prie¿man , rg59), The rninerais were

hand picked from the -50 +f00 mesh fraetion under a binocul-ar microscope,

powd.ered, rol-led in collodian, and exposed to !-elrf:: radiation in a l_l_4 mm.

diaineter Philips por,rder carnerao The garnet cetl edges g:iven are averages

caLculated from ühe ¡rdrr spacings of the (10"4"0), (10"4,e), and (g"g"O)

lines. The third. order reflection of the (t"0.-1,4) line, ie, the (3"o"3"r2)

line, is used as a measure of the size of the catcite cerl"

Ivli¡erals gf the Co¡r¡rion Rocks

Plagiocfase - Genel,ql-.$ga:Þures

The composition of plagiocl-ase in a rock is controlle¿ by the

composition of the roek forniing m,aterial and by i-ts teinperature of cr¡,stal--

lization. The anorthite conient of plagioclase should increase lr¡ith
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increasing temperature of erystaliization provided. the rosk contains

sufficient cal-cium to form more anort,hite remoleculert o In metamorphic

rocks the extra cal-eium is ¡nost likely to be present as epidote, and the

plagioclase composition is likel¡'to be controlled by reactions such as:

äigh Tenperature

4CaÀ12Si20g +

Anorthite +

l{41Si306 + I{2O

Orthoclase + r¡iater

4üa412Si206 + HZO

Anorthite + wãter

2CaA13Si3012'0H

Zoisiüe

A12Si05 + Si02

Kyani'be + Quartz

or

Low Temperature

2Cae13Si3012.0H + f:413Si301g"0H + 25102

Zoisite + Miuscovite +Quartz

T

The reaction beùrseen epi-dote and anorthite depends partly on the

avail-abiLity of water and partry on the ¡'e+3/Al ratio of the rock" As

epidote contains water, and as it is able to repJ-ace much of its aluminum

with ferric iron, a higher water or FenS/ir1 content wilJ. tend to stabilize

epidote (Ranaberg, f952), Calcium - poor rocks will contain sodic plagio-

clase even though highly rnetamorphosed.,

X-ray and thermochemical studies show that plagioclase does not

form a continuous solid solution series but is cornposed. of submicroscopic

rni:cùures of plagioclase rnolecules with eompositÍons of An1_5r i+nrç_25t and.

Ln6j-7o (itracek and i\'euvonen, IJJZ; irtober, L96z). Äccord.ing to Rutland

(19ó1) the changes in the plagioclase structure occì¡r at en5 and An3O.

Del',Iaard (tgSg) does not recogirize the structural- change near An3g" plagi-

oeLase between lln5 and r1,n2ç is l-ess stable than either of the pure phases.

It is ìtrnconmon i.n metamorphic rocks, and. can be used to nrark a metamorphic

isograd (Nobel, l-962)"
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$a.g1oglsse in_this stud¿

Flagioclase coapositions from rocks of the Gras l¿ke-Felíx I¿ke

and i'iormanville areas are shornrn jyi pi gure 10. lttos| determinati-ons rvere

mad.e by the Rittmann method but some were macle by the Tsuboi rnethod.

Compositions deternined by the two methods are generally sinriLar and are

not separated, Ì{here resuLts differ both estimates are shown and distin-

guished by the symbols used in the tables in the tLppendix"

i'fosl of the metamorphic rocks contain plagíoclase between Ì+n25

and Àn35. Only the albite-epidote grit and the porphyroblastíc schist of

the ùiormanville Area, ano the potassic metasomatized gneÍss of the FeLj:c

lake ¿rea contain much plagioclase more sodic than An2g" Both the grit

and porphyroblastic scl:ist contain appreciable epid-ote" They both occur

elose to the Grenvill-e Front and are ]ess metamorphosed than the other

types of gneiss, The potassic gneiss contains m.ostly cal-cic oligoclase,

and a littl-e sodic oligoclase. Only traces of epidote occur in this

gneiss" ft is highly metasomatizedu and probably received sodium as well

as potassium during metaroorphism"

Rocks contaÍning plagioclase more calcic lhan An35 are both

calcic and highly metarrorphosed. They are the basic granuli-te of the

ldor¡ranville Àrea, and the pJrroxene-hornblende-garnet rock east of the

i,itoisie River in the Felix I¿ke Area" Any calcic plagioclase that nay

have occurred in the Gras l¿.ke-Feli:r Lake granulite r¡as destroyed by the

Grenville meiamorphism" East of the ii.toísie River the metamorphism r^,ras

strrcng enough to form calcic and-esine in rocks of suitable composition"

The plagioclase of the igneous rocks has a greater composition

range than does that of the metasedfunents. The ¡:rost cal-cic plagiocl-ase
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Î I
I

F
E

L,o
I

X
owe r uPPer

Un se re oted 6ne¡sses

+o

3t

2t

R
A
S
I

F
E

L

I

X

'I

I,

rophitic lW.MoisielE Moisielpoto.ssic GneissSehist I Hnb.-Gn. Rk. l' - -

fl
--l

tt . Tll rlT-r ll -ll'r'I Il Il- rr
I:TTs- I Ri

iI

I

i

:

I
Determrned by
boi method
trnenn method t+

0.- M on Ac¡d D¡f f ere n+io+es I Corono. Gobbro

Jqneous Rocks

F¡ gure I O

PLAGIOCLASE

S e g. llower- Un s e g'luppet
Gneisses

Gr¡t tPorphg.
h ists

bíofite I hornblende
Seqreqoted Gneisses

coMPostTloNS OF COMMON ROCK TYPEs



101

(Un$-Zì occurs in the ophitic gabbro of the l\ornanvil-le Area. In the

Gras l¿ke-Fel-ix l¿ke Area the gabbro is recrystallizeci and eontains second-

ary plagioelase as sodic as An2g" Arnphibolite and quartz monzonite contain

the sane plagioclau" (LnZ5-35) "s the surrounding gneiss" The most sodic

plagioclase occurs in the Archean intrusive rocks and in the acidic dif-
ferentiates from the gabbro. Both these rock tSrpes occur in the highly

metamorÞhosed pa.rts of the area and belong to high temperature rock sui-tes"

The composition of their plagioclase is controlled by rock composition

rather than tenperature of er¡rstallization"

Biotite - General Features

The general formula for biotite is:

K2 ( F'e 
+2, 

Mg ) 5-4 ( r u "3,Ät r Ti ) o_ r(si 6_ ^i+tr})o zo -zz( 
oH, F ) 4_2

The n',ain substitutions are between ferrous iron and magnesi-um, and aluminum

and silicon. other common substitutions are Ti for F"*3, and Na, ca, Ba,

for K, (Deer, Howie and Zussman, !962, vol. J). The refractive ind.ex of

biotite increases urj-tir increase in it,s Fefi{g ratio, to a Lesser exbent

w'ith replacement of si by Fe+3 and ltl, and of 0H by F. Because several

substitutions are possible there is no d.irect relationship between optical

properties anci chemical compositi-on.

The colour of biotite depends mainly on its i¡on and titanium

content. Titanium-rich biotites are reddish brourn and those rieh in
ferrous iron are grê€no }iagnesium tends to dilute the colour caused by

the iron or titaniumu Às with the optical properties there is no strict
relationship between colour and composition (HaU, 194f ) "

The composition of bíotite is controlled by rock composition
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(Heinricfr, l-91+6; I{retz, f95Ð, and by metamorphic grade" Heinrieh shov¡ed

that bj-otites from granites and pegmatites are rich in FeO and ivin6, those

fron syenitic rocks ín Fe203 and Ti02r and those from basic rocks and

marbl-es in }igO. Gneisses and schists contain bj-otites of intermed.iate

eomposit,ions 
"

Ïn quartzofeldspathi-c gneisses the composition of biotite changes

rs"ith increasing metamorphism" Biotite in low grade rocks is generally

richer in tl4n and Fe and l-ower in Ti and Mig than bi-otite in high grade

rocks (Barth, fg36; i'fiyashiro , lg56S Engel and Þrgel, l9óO). Some dis-
crepancies occur because of differences in coe:cisting ninerals. Garnet,

for example, incorporates iron leaving the biotite enriched i-n magnesium

(Deer et al-" o L962, vol.. ), p" 75)" The change in eomposition results in
a colour change from green-brown through red-brown to deep red-b1ack with

increasing metamorphism.

Hornb]gnde - Qgneral- Features

The name hornbrende refers to a group of calcium afuminum amphi-

boles eomposed of the end members:

Tr er¡olit e-À cti nollt e,

T s chermakíte-F errots chermakíte

Edenite-Ferroedenite,

Ha s t Ín gs i-t e-F erro ha sting s it e
(or Pargasit,e)

Conmon hornbl-ende generally contains important percentages of aII end

members, and F or cl nÞy pro)cy for oH, I'fn or Ti for Fu*2, and Fe+3 for al
etc" (i,{inchell, Lg|I, p. 43I).

ca, (IrB rFe ) 5si eo zz( 
on )z

üa2 (us, F e )3À12Si6A J.zo zz@H) z

i{aca2 (ivrg, n e ), sirero 22(f,u ) 2

i,üa ca, ( l{8., F e )44 lSi6A I 20 22(CH) 2

Because of the exbensive substitution t,hat is possible in the
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hornblende structure, correlation between optical properties and chernical-

composition can only be approxinate" Substitution of Fe+2 for trrg, and. to

a lessev e>ctent Á.1 for Si-, and. Fe+3 for AI cause an increase in refractive

i-ndex" Extinctj-on angles are variable, but are l-ower in femohastingsite

than in other varÍeties" Pargasite is optically positive. Hornblendes

rich i:r ferric iron show intense adsorption and pleochroism"

tiaLlimond (L9l+3) demonstrated the rel-ationship between the com-

position of hornbLende and its parent rock type" äornblendes fron inter-
mediate igneous rocks contain all four end members rrrith slightly more

tschermalcite and trenrol-ite than hastingsite and edenite, Hornblend.es in

sehÍsts and amphibolite exbend from tremolitic and tschermakitic to

hastingsitie composition" In unal-tered metamorphosed li-¡nestone the horn-

blende i-s tremolite. In acid and alkaline i¡¡trusives it is generally

restricted to hastingsite or ferrohastingsite" In general, higher tenrper-

atures of crystall-ization favour the replacement of Si by 41, and the more

sodic hornblendes occur in sodÍc rocks"

HornbLendes from terrai-ns of progressive metamorphism conrmonly

show an increase in the AVSi ratio with increasi-ng metamorphism (Harry,

1950). Engel, Engel and Havens (1961) investi-gated hornbrende from

anphibolite of the alnanoine amphibolite and hornblende granulite facies.

They note an increase in Ti02r NarO and KrOr and a d.ecrease in ivfnO, and

Fe202,/Fe0 in hornblende passing from the lower to the higher facies.

The colour of hornblende reflects the compositional differences

between hornblendes of the differenÈ metamorphic grades. Light green

actinolite forms in the epidote arnphibolite facies" This passes into

green or olive hornblende in the al-mandine amphibolite facies, and into
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broi,¿n hornbl-ende in the granulite facies"

Eictlte 3n{ lognþlgnge_ig this_stugr

Figure 11 is a plot of the refractive indices of biotite and

hornblende occuruing togebher in the cornmon rocks of the âr€êo The ind.ex

ny of biotite is plotted agai-nst the greater of the tr.¡o apparent indices

fro¡n cleavage flakes of hornblende (Parker, Ig6L). Both apparent indices

of these hornblendes and of hornbLendes that do not coexisÈ w'ith biotite

are shovnT later (trigure 15 b, p" I15).

/t direct rel-ati-onship between the j-ndices of bi-otíte and horn-

bLende is apparent, and is to be expected as the indj-ees of both ninerals

lncrease w-ith increase in the ratios (Fe + Ti + ltir)/ivig, /ll,/Si, anO

^/.-^Fe2O3/!-eO" Biotite and hornblende with the Lowest indices are found in
the lower gneisses; those with intermediate indices occur j-n the upper

gneiss and the potassic paragneiss; and those with the highest indices Ín

the orthogneiss derived from gabbro, This increase in refractive index is
accompanied by a colour change j-n bioÈite from olive, through red bror,m,

to dark reddish brack, and a si.¡nilar darkening of the hornblende.

The unaltered paragneiss contai-ns co¡nnon hornblende and biotite

wítn Ve+z/ (¡'"*2 + i{e) ratios between 0"35 and 0"55 (parkero 196I; trtinche}l,

l95lt p. 371+)u fn the acidj-c orthognej-ss the amphibole and mica are iron-

rich ferrohastingsite and anni-tic bioti-te" The potassic gneiss i-s a

paragnei-ss metasonatized by fluids from the crystallizing gabbro, Its

nafic minerals are intermediate between those of the acídic orthoeïeiss

and the courÍÌon paragneiss.

ln the anphibolite, hornblende-garnet rock, corona gabbro an¿

altered granulite the refractíve index of hornblende is lorn¡er relative to



F
ig

ur
e 

ll
V

A
R

IA
ÏIO

N
A

N
D

O
F

 R
E

F
R

A
C

T
IV

E

B
IO

T
IT

E
 V

/IÏ
H

l.7
l N c (l) -C

' c 0, -o L o T
," t.6

q

IN
D

E
X

 O
F

 H
O

R
N

B
LE

N
D

E

R
O

C
K

 T
Y

P
E

 
..'

,'+ /.' /.' / 
.' 

.'l
/ 

: 
.'/

t 
; 

X
.'/

t 
: 

* 
,'/

/ 
1 

.,'
 

/
/ 

'-.
..'

 /
r'/

t/
/ /

x,
'

X
 

¿
'

/X

/ 
..'

.
I 

:S
.I t

0 ü 
no

 b
¡o

til
e

A
ci

di
c 

or
lh

og
ne

is
s

S
qe

ni
fe

 e
ss

oc
io

te
d

'w
¡t

h 
go

bb
ro

C
or

on
 q

 g
ob

br
o

A
*p

h¡
bo

l¡t
e

H
or

nb
,le

nd
. 

- 
go

rn
et

ro
 c

 k

K
-r

¡c
h 

pa
no

gn
ei

ss

U
pp

"r
 u

ns
eg

. 
gn

ei
ss

Lo
w

ec
 u

ns
eg

.g
¡e

is
s

W
el

l s
e9

.g
ne

is
s

A
lte

re
d 

gr
qn

ul
¡t

e

B
io

tit
e

o ¿
3

nY

d þ X tr

H \.¡
T



'" 
t,

106

biotite than it is in the gneisses" Biotite in all Èhese rocks is red

brown, apparently rich in titanj-un. Garnel is a najor constituent of all
of these rocksu Titaniunr and aluminum ilìay replace silica more easily Ín

bj-otite than in hornbl-ende, thus causing a relative incr.ease in the

refraetive index of biotite in those rocks in which they are abundant.

Ga rn ejL__:_G,ene_ra I Þ- e a tgrgs

The general formula for the garnet group :-s A3B2(stol3 j-n whích

a may be ca, itG, Fu*2 or I4n, and B nray be Al, Fs+3, or cr" The prineipal

end members of the group are:

nej2arrsiro.,

rEÀ12si3012

Spessartite i\Al2Si3Op

CarllrSir0r2

ca, (Fe*3,Ti)2si3ou

Á.I-mandine

Þrmn'na

Grossularite

Andradite

Uvarovi-te Ca3CrrSírAU

Uvarovite is rnueh less corsnon than the other five end members" hünchell

(rg¡r) divides the garnets into two series, (F**2, Mg, Iv[r) Al-garnets

(þralspite), and Ca-garnets (Ugrandite). ConÈinuous substitution exists

within each series, but not between the tv¡o series"

Garnets are isotropic, The nain parameters by which they may be

distinguished are eeII edge, refractive index, and specific gravi-ty" As

there are more end members than measurable parameters it is impossible to

deüerni-ine the true compositron of garnet rrrithout chem-ical analysÍs.

The best estj¡øte of their composition can be ¡¡ade by using

diagrams developed by trdínehell (1958) " With Winchells diagrans a combina-
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tion of cell edge, refractive inciex and specÍ-fic graviüy can be used to

limit the possible composition of the garnet to two alternatives. Cheni-cal

analysis for one element will tell whieh of the alternatives is correct.

Sriramadas (L957) constructed a series of eight triangular dia-

grams, each showing the refractive index and ceII edge of rnixbures of three

garnet end members. He considered specific gravity unreliable because of

the fine inclusi-ons cotffnon in most garnets.

In general, iron-rich garnets have higher refracüive indices,

and calcir:¡o-rich garnets have larger cell edges than nragnesium-aluminum

garnets '
The composition of garnet is largely governed. by the composition

of the rock in r,'rhich it formed. Wright (1938) and Troger (f962) correlate

garnet eomposition ancl rock type. Tboger divided the garnet farLÍly into

28 groups' Pyrope-rich garnet is confined to ultrabasic rocks; spessartite

to pegmatite; grossulariüe to marbLe, calcsiricate, and_ pyroxenite; and

andracii-te to scarn and aLkalie rocks" Most common rocks contain almand.ine.

The al-mandine of most pelitic gneisses, and of intermediate and basi-c rocks

contains ptrrope as its main subsidiary molecu1e, Subsidiary grossul-arj_te

occurs in the alrnandine of cal"cic gneisses and amphibolite, and subsidiary

spessartite in granites anci cla;zey sandstones, Rocks crystal-lized under

high orrygen potential contain andraditic garnet.

The effect of metamorphic grade on garnet composi-ti-on has been

st'udied by lvr-iyashiro (1953), Engel and. Engel (1960) and sturt (Lg6z)"

The main change accompanying increasing metamorphism is the substitution

of (FeO + rúrg0) for (cao + t4no). This results in a higher refractive

index, and snall-er cell edge in the higher grade garnets" sturt uses
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ceIl edge/refractive index, i:e. ao/n: as a measure of calcium content and

so an indication of metannorphic grade"

Êarnet_i4 thls_slugy

The garnets in the present area differ somewhat in composition

between the different rock types. Figure 12 is a p1ot, of refractive index

anci cel} edge of garnets from the cornmon rock types, and. Figure 13 is a

plot of the cell edge divided by refractive ind.ex. GarneLs from the same

rock type generally faI} within a snrall composition field.
Ä11 the garnets are almandine-rich, and the higher their refrac-

ti-ve index the richer they are j-n iron" An alnost pure almandine from the

iron forrnation near Boul-der Ï-ake has a refractive index of 1"818, and. a

ce]-l edge of about 11.56 8. The potassi-c paragneiss and hornblend.e-garnet

rock contain uiore grossularitic alnandine than the other rock t¡rpes. The

garneb fronn the unaltered granulite is about two-thirds almandj-ne and. one-

th:rd pxrope¡ a composition characteristic of the granulite facies.

According to Sturt (f962) the ratio of cell edge to refractive

index j-ncreases with calcium content in garnets, and can be used to measure

metamorphic grade in rocks of sjmilar composition. In pelitic schists

garnets r,rith high (FeO + Irgo)/(cao o lfno), and henee with l_oior ao/n, form

at, higher grades of metamorphism than (Carlvin)-rich garnets vrith high 
"Jn"

The arln values of garnets from l-ocal rock types are plotted in Figure 11.

The caLcrum contents of the local garnets apparently d.epend nore on rock

type than on metamorphic grade, I'iost of the high a*/n values come from

rocks rj-ch in calcium bearing minerals such as hornblende" The lowest

value (6.36) i-s given by garnet froni the iron formation"

Although the ratio cannot be used as a simple indicator of meta-
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¡rorphic grade, it can show differences in

composition, as for example the fresh and

unsegregated and well segregated gneisses"

in the more highly metanrorphosed rock has

the less metarcorphosed rock.

Pyroxenes - General- Fej¡..Egres

grade betlveen rocks of the sa¡re

altered granulite, and- the ]oiÂrer

fn both these examples garnet

-¡lower ao/n values than garnet in

The general- formul-a of the pJrroxene group is:

(w )r_p({,y)L+;¿zo6

where lnl - (Cariva), X = (i,ÍgrFe+2rlrirerNi-rLi)

y = (Al-r¡'s+3rCrrTi), and Z = (Siré.l).

The pyroxene group i-s di-vided into orthorhonbi-c and monoclinic series. In

orthorho¡nbic pyroxellss îîper is close to one, and Y is small-. In monocljnic

ptoxenes tiptt varies from zera to one, and either X or Y nay predo¡ainate

although X is generally the more commono The most irnForta.nt of the rock

forrring pyroxenes are g

0rthorhombic

Enstatite-F errosilite (ltg,re)rsiro,

itfonoclinic

D iops id e-Heci enb er git e Ca (tvigrFe )Si20g

Augite ca (ÞrgrFerAt) (sirAt)20ó

Aegirine i';atr'e+3Siro6

There is complete gradation between Diopside-Hedenbergite and. Äugite, an¿

between Augite and Aegirine.

The niain variables in the p]nroxene group are Fe+Z, lvlg, and Ca,

and the approximate composition of most comnon pyroxenes can be represented
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as members of the CaI,lgSi206 - üaFeSi2O5 - l'{grSir06 - I'e2Sir05 system

(Figure L4), Alkaric p)-roxenes cannot be shou¡n" Compositions in the

dotteci areas are unlaaown, and compositions in the central part of the dia-

gram are confined to rocks cooled quickly from high temperature" In sIov.ily

cooLeci plutonic or metannorphic rocks, subcaLcic augite and pigeonite disso-

ciate into orthopi'roxene and augite or diopside-hedenbergite, fn some rocks

the two phases exsolve to different parts of the sa.me crystaf (Poldervaart

and Hess, l95L)" Substitution of iron for magnesium j-ncreases the refrac-

tive inciex of p¡-roxene, and calcium increases'its 2Y, (Hess, t9l+9; lviuir,

L95L), Parker (fçef) has drawn curves retatÍng compositi-on of the main

p¡rroxene families to the refractive j-ndices and exbinction angles of their

cleavage flakes,

Diogsíde 1 
- 

Hedenbergite

{ / sorire Ferrosq,l;te \ 
.| 

\

Ferro ougite

/

\.

Subcolcíc.
A ugif e

\
Subcolcic \

Ferrooug¡t.g...-'\

,.. \ uo,cont

\
o nit.ePi 9e

/È'Åt+o+it" Bronzif e . Hgpersthene Ferrohgpersthene Eutite "'Èþirosilit\

Figure lS

M9 Si 03

Co5i03

FeSiO,

NOMENCLATURE OF PYROXENES IN THE SYSTEM
CoM9Si.0n-Co Fe Si"Ou- Mgr SirOr-Fe2 Sí2 06,

(tlst¡otter Poldervaord +Hess
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Augite can generally be distinguished from diopside by its smaller

bírefring€rlc€e greater dispersion and. poorer (OOf) parting. Sodic augite

has stronger adsorpti-on and higher 2V and exLinction angles than conmon

augite" aegirine-augite has a darker colour, larger e>*inction angle and

higher birefringence than col¡mon augite.

ly1o5egee !n thig gtgÊy

Refractive inrÌi-ces of cl-eavage flakes of anphiboles and p)ní"oxenes

from most of the l-oca1 rock types are plotted in Figure 15b, Attached to

the figure is a transparent overlay showing Parkerrs curves (Figure 15a)

by which the refractive indices can be rel-ated to nrineral compositions"

The variation of composition of the arophÍboIes has already been discussed.,

Orthopyroxenes occur in the Archean granulite and Froterozoic

gabbro and acidic orthogneissn The p¡"roxenes from the orthogneiss have

higher refractive indj-ces than the others, Their respective indices

indicate a pe+2/ (p"nZ + i{g) ratio of 0"65 to 0"80 in the orthop}¡roxene of

the acidic orthogneiss, and 0.3 to 0"1 in the other orthop¡rroxenes, The

orthopyroxene from the fresh granulite is slightly richer in iron than

that of the altered granulite"

Clinopyroxenes occur in granulite, hornblende-garnet rock, corona

gabbro and acidic orthogneiss" The cLinop]¡roxene of the granulÍte i-s pale

green, non pleochroic augite or diopside w-ith a z^c of 5oo lo 55o and 2v

57o to 58o' rn the hornbrende-garnet rock it is light green, with Z^c of

35o Lo JOo and 2V of 58o to 600" Glinopyroxene frorn Èhe gabbro is greenish

brov¡n augite wjth z^c of 5oo and 2v of 620. AlL these p¡roxenes have

l-e+2/1re+2 o Mg) ratios of e"35 to 0"45u The clinopyroxene in the acidic

orthogneiss is bottle green aegirine-augite, with strong basal parting, an
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Figure l5 b
VARIATION OF REFRACTIVE I ND ICE S OF AT"4PHIBOLE S

AND PYROXENES!/ITH ROCK TYPE
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exbjrrction angle, 'z^c, of $5o, and. a 2Y oi 630 lo 65o" The mafic ¡rri¡rerals

fron the acidic orthogneiss have higher indices than correspondíng nrineraLs

from aLl the other rock types except the iron for¡¡¿tion"

i,tinerals of the Iron Formation and Marble

.yJ¡roxenes

Refractive indices were deternined for p¡rroxenes from {r.} samples

of Íron forniation, and 12 oi the pyroxenes were analyzed for Fe, Ìulg, and

ûa" Their compositions are shovm in Figure Ió,

The cl-inopJiu'oxenes are inainly femosalite but some are salite"

Their renz/çte*z ".'rs) ratj-os vary from O"t+Z lo O"73" The orthopJ¡roxenes

are ferrohypersthene and. eulite, witrr ne+2/(¡'"*2 + i'íg) ratios berr,ueen

O,57 and O"82" the wollastoniüe moLecule makes up about t+% of the ortho-

pJrroxenes, ad 4ù¡ø to 45"Ã of the clinopJrroxenes, and decreases in clino-

pyroxene with increase in ùhe Fe/"ig ratio. Three orthopyroxenes from the
'olivine-pJ¡roxene-carbonate iron formation have much lower ve*z/(Fu*2 + rvig)

ratios, than pyroxenes from the conülon iron formation"

The cU-nopyroxene is generally richer in nagnesium than the

orÈhop¡rroxene where orthopyroxene and clinop¡moxene coexist. This relati-on-

ship is apparent in Fi-gure 16, lfirerler (1960-ó1), Kretz (rçera), Krank

(1961) and others have studied this reLationship, and Ghose (1962) tras

ex¡:lained it.
According to Ghose, the crystallographic sites % i" amphibole

and it{11 in pyroxene accept Fe*2 *o"e easily than iuþ" ïn calcium-rich

minerals such as actinol-ite and diopside, these sites are fil-led by calciun,
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but in cu.unningtonite and orthopyroxene they contain Fe+2 or lfg" As Fe+2

is preferred to 1,8, it is enriched in cummingtonite and orthop¡rroxene,

relative to the calci-um-bearinE minerals.

Cumingtonite

Cummingtonite and rarely actj-nor-ite occur in some samples of the

iron formation. Iron and nragnesii:m contents of these rainerals and. of the

pJrroxenes are shoiçn in Table ?, p. LQ.2a" fhe ye+2/ (p"u2 + Mg) ratio of

cumm:ingtonite varies from O.5l- to o,83, and most comaonÌy falts between

0"60 and e"75" rn actinolite the r.*2/(r"*2 + ¡,rg) ratio varies from o.l2

t,o 0.65¡ with most samples falling between 0.40 and 0"65" The cumming-

tonite generally has a higher ve/I,tg ratio than coexisting elinoÞ¡rroxene,

This is in agreeinent with the work of lkank (fçef ), and. has been explained

by Ghose (L962) aboveo

The distribution of iron and magnesium between cummingtonite an¿

orthopyroxene is more complex. I,h¡el]"er (f961, p. 280) shows that although

orthopyroxene and cunrmingtonite have sim-j-lar affinities for iron and.

nagnesium, rnagnesium tends to be enriched in iron-cunm:ingtorrite, and iron

enriched in nragnesium-cu¡rnningtoni-te relative to the coe:tisting orthopy¡ox-

çtlg e

IrtueJ-lerrs conclusions are based on thermodynanrics and. a single

pair of the coexisting rn-lneral-s (sarnple lto,H-9 of Krank). I,,iuell-er thought

that the poinù l¡here cumnringtonite and. orthopy-roxene shouLd have the same

ne/Iuig ratio would be where their u"+2/(Fe+t n tE) ratios equar 0.50.

Eight pairs of coexi-sting cummingtonite and orthopJ¡roxene were

studied here. The l-e/l{g distributions betl¿een curu'oingtonite and ortho-



pyroxene J-n these sampleõ, and ín Krankr s sercple H-!, are shown Ín Figure

17. Iron is concentrated. 1n orthoÞJn oxene relative to curmington-ite in
iron-rich assembJages and in cu¡¡ningtoníte relative to orthopyroxene in
nagnesiurn-rich assenblages. This is as Llueller predicted. Here, ho.$¡ever,

the poin¿ of equal Fe/ivlg contento in the two minerals occurs where

î"*2/ çte*z + IQ) equal-s O.ó0 to 0.ój rather than 0.50 as shown by Ìtueì-ler.

6 Clorke

q Kronk

Figure 17

Fe: M9 DISTRIBUTI0N BET\,VEEN COEXISTTNG
ORTI{OPYROXENE AND CUMMINGTONITE
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Py¡.oxene Geothelmometry

The composítions of coexisting pyroxenes have received lruch study

since Hessr-, (1941) paper on the subject. IIuch of the recent .¡rork conce?ns

the use of pyroxene pa.irs as geothermometers, ltilson (1960), BroHn (1961),

Bartholemé (196L),I¿'retz (1961 a and b) and Binns (1962)

rrìilson and Brolnì d'aw tie lines joining coexisting pJrroxenes on

the casío3 - &igsi% - Fesio3 dÍagram. wirson sho¡os thaù the intersecùion

of the tíe Lines with the casio, - Irgsi% ioin is different in sono.e pyrox-

enes from igneous and netaÊorphic roeks, and suggests that it may be

teraperature eontrolled. Brohn does not agree that t,here is any fundanental

difference between the tie rines of igneous and metamorphic p¡n oxenes.

Bartholené and lkeiz also disagree v¡ith the uõe of tíe Linee as temperature

i¡dfcatore. Tie line intersections are affected by relativeþ $¡all changes

Ín caLciun content of ühe clinop¡roxene, and. by the Fltr& ratio of the rock.

Because tiTey depenii qn several factors other than temperature, it nor^¡ seems

that there is no justifícation in the use of tie line intersections as

geothermoneters.

Bêrtholepé and Kretz calculate the equilibrium constant for the

\ reaction:

Ca^!'eSi2O5 '+ I.{gSíO3 i= Caprgsizoó + FeSiO3

hedenbergite + enstatite ;= diopside + ferrosílLte

Bartholené catôil¿tes K where K - ff (ca-roor) . fr (Ca-ricir).

Kretz calculates Ko where b = å . *
ÞIpand Xo = &E .,ñ.æ ( orthop¡rroxene )
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xc= ( c linopyroxene )

trfhere llg + Fe+2 = 1, þ simptifies to $ (ops) . -F (cpx) so rre uc
and h a¡e inverse functions.

Bartholené shows that K for anaþsèd pyroxene pairs equals 1.g

in netanorpluic pJrroxenes and 1.4 in igneous pJrr¡otrenes. KTetzrs I{¡ values

are 0.51 - 0.60 in metamorphie, and 0.69 - 0.?6 irì igneous pyroxenes.

Bartholemé t s and Kretzrs methods are similar, so what is said of, one appJ_f.es

to the other. The naterial in this thesis is handled by I{retzr s nethod

because it is supposed to indicate higher temperatures of equilibriurn by

higher K¡ values.

The pyroxene geothermometer is based on the hypothesLs that
rninerals coexisting at high temperatures have r-ess ordered. structures than

they wourd have et lower temperatures. At very high temp€ratures iron and

nagnesiun should be accepted equarJ.y by both pJ¡roxenes i both pJrroxenes

¡úould have sl¡rilar Mg/Fe ratios, and \ would be cl_ose to 1.0. r¡Iith

decreasing teuperature sorle freetionation of iron and. nagnesium betv¡een

the tlro pJ¡t oxenes ¡¡ould oocur; the orthopJrroxêne ¡¡ould tend to become

richer in iron (Ghose, 1962), and KD noul_d decrease.

Bartholemé (196f) thought the pyroxene the¡mometer was sound but
not very sensitive. Kretz (Ì9ólrb) states tha! although I{¡ is nainþ
controlLed by ternperature, it ray also be affeeted by the concentration of
other major cations, such as calcium. rs¡erler (19ór) is more sceptical:

flThe guestion of temperature and. pressure, although an interesting
one, nust be deferred untir- ¡rore infornation becðmes ava able.
However, it seens alnost certain that any tenperêture or pres$lre
effects.._..are eomplet,eþ obscured by arnlybical 

"r"o"" or 
"o*_positional effects.n
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The KO values used by ift:etz were calculated fron published

anaþses of p¡n oxeneq from igneous rocks ånd. metanorphic rocks of the
pyroxêne granulite facies. rf temperature is the main controJ- of K¡,
pJrroxenes fron a.aphibolite facies iron for¡nation shour-d have 10wer þ
values than either of Kretzrs groups.

K¡ values were caLculated for Krankr s pyroxenes fron the Mount

Reed Íron forvnation, and for p':roxenes fro¡s iron fornation of the present

area. In the present area, both che¡rical_þ and optÍcaIþ determineA Mg,/Fe

ratios r¡ere used Èo cal-culate þ. The results are shown in Table Z.

i{ith one exceptíon, optical and cher¡:ical deterndnations of
re+2/ lrs+2 + r,rg) correspond to within j nol per cent, and. two-thirds of
them correspond to within J moJ.,per cent. Âccur¡qrlative ercors ot 3% ín
coexisting pj.roxenes result in a K¡ error of ar.niost tr¿ice the range betreen
Kretzrs igneous and netanorphic groups. So optical methods do not give

the accuracy necessary for I(¡ deterruination.

The Is values of p¡'roxenes of the Mount i,'Iright-MounÈ Reed iron
f,ormation are plotted in Figure lB, along with the K¡ ranges of igneous

and meta-morphic ¡ocks according to Kretz. r,{any of the chenrically deter-
n:i-ned Kp val_ues are higher than lfuetzrs meta.norphic range, and three are
higher than hís igneous IlÐ values.

If K¡ was temperature-controlJ.ed, all these values should fall
withín or under Kretzrs meùanorphic range. rt ¡n¡st be concluded ùhat,,

in these rocks at least, I(¡ depends on something other than temperature,
and the py?oxene thermometer breaks dohrn.

Neither is there a clear relatÍonship between KD ênd eålciun

content. K! is ploÈted against the calciun solubility gap between pa,irs
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of coexisting pyroxenes in I'igure 1t. The fígure includes py-xoxenes f¡on

I{rankts Mount ileed iron for¡natíon, and from the present area. A dj¡ect

relatÍonship between Ca-solubility gap and KD becoees apparent, if only

pJ¡roxenes from.the present area are considered.. HovJever, the author õees

no reason to consider his p¡'roxenes separatel-y fron l{rank I s as both groupg

come fron siniLar rocks in neighbouring areas.

Clo¡:ke

Kronk

33
0.5

Fí9ure l9
RELATIONSHIP BET\^/EEN CALCIUM SOLUBILITY GAPS

AND KD VALUqS OF CoEXTSTING PYROXE NES

Even if the relationship suggested by the Clarke pyroxenes is
trrre, ít canrÌ.ot be explained by the ordering of iron and ragnesiurn in the

sites generaLl-y occupied by calcium, as the trend is in the opposite sense

to that pnedicted by Ghose (L962). The solubíl-ity gap is knoun to decrease

r.Íith increasing tenperature (SÍnns, 1962). Tn the present relationship,

iì
t;l;i
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thís suggests that Ìrigh temperature pJ¡-roxenes have low KD values, the

reverse of what woul"d be expecùed. The relationship between solubility
gap and KO sholvn by Clarkets p)¡roxenes is apparently fortuitous, and dis-
appears Ì¡hen Kbank I s pJrroxenes are considered. No simple explanatign of

the detailed behavior of FeÁ{g in coexisting pJ¡r.o¡renes is lmown to the

author.

Carbonates

Carbonate conposiùions we¡e deter¡¡-ined by staining, refractive

index and X-ra¡r diffraction rLethods. Pol-ished sLices of up,rble were

stained, and found to consist alnost entire\r of dolonûite. Calcite content

of the nErb1e varies froni a trace to about 4, the calcite occuæing as

fine blebs int,erstitial to the dol-o¡site, or in association ¡¡:iùh catcsil_i-

cate or phlogopite. The caLcite in the latter associ¿tion ís oecondary

and apparently formed when ühe grow.ing silícates renoved more nagnesíum

th¿n calciu¡n fro¡n the dolomite.

The type of carbonate that occurs in iron forîration depends on

¿he grade of metaaoîphism. Siderite (ng = t.635, 5 = 1.9?) Ls stable

near Jackson r¿ke, where the iron foruation is only slighüry netaoorphos ed.

The carbonate in the nore highly netamorphosed i¡on fo¡.nûation is ferro-
dol-oüite o¡ dolomite (n" = 1.10-1.J5, 5 = L.6S-r.75).

Ca1ciùe coexisting rçith dolomite raay be used to measure tenpera-

tures of crystaLlizêtion. The carbonate geothernornete¡ is based on experf-

ment, and was used as eârly as l_958 try the EngeJ.s in their study of the

Adironda ck motano"phisn.

the a¡nount of nagnesiun accepted in the catcite structure is pro-
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portionå.r to its tenperaÈure of crystallization, Gordsnith and Heard (1961).

substitution of rnagnesium for calcir¡m contracts the calcite cell hence can

be deterni¡ed by X-ray diffractíon, Goldsmith and Graf (195g).

Table I sho¡¡s the d spacings, and the corresponding vig0o, contents

of the eaLcites studied. One of the sanpres contai.ns lo# Wcos indicêting

equilibrium at about !00oC. The others contain between 6 ana 3fi V,1CO3

which is less tiran the nini:m¡n amounè sho¡n on Gol"dsnith anci Hea¡drs d.i¿-

grÉ¡m. These must have reached equilibrium at l-ess then 5oooc. These are

nrini-urtr temperatures at which the exchange of nagnesium ceased. Tenpera-

tures at the peak of metanrorphÍsn may have been higher.

TABIü 8

IÂTTfCE SPACTNGS, }ÍÀGNESII '1 C0NTEìITS AND EQUILTSR]I,M

T&lPm.ATtiRES OF CALCTTES FROM THE ÍTARBLE

Sanple No.

ç,-4-r3-59

c-1-6-60

c-19-113-ó0

c-19-115-60

g-2o-J23-60

f-29-LL3-60

c-2-7-6r

c-7-24-6r

Ç-8-27-6r

ç-L6-7t+-6J-

1.008

1.008

1.008

1.013

1.007

1.0095

1.009

1.009

1.011

t.ort

{ 500

< 500

< 500

< 500

< 500

< 500

< 500

< 500

< 500

( 5oo

.o
d(1.0.3.12) ¡. ¡4ofø I'fgCO? Dedueed Tenperatures

in soluti-on of equilibriun. Co

3i6

3i¿

ø

4i1

216

3i¿

)%

Lþ

Lft
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ïhe sarÂples rrere pLotted on a. location nEp, but shov¡ed no regional

trer¡d Ín their nagnesium content. EquiJ.ibríur ternperatures ín this area

aÍe thus apparentþ too low (berow joooc) !o be cornpared by this nethod.
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CHAPTEN VIÏI

STRUCruRAL GEoIÐGY

I+t¡octuctio¡

The l,abrador Trough trends S.S.E. frcrÌ Ungava Bay to near l'{ou¡¡t

liright vhere it r'ras caught up jJ¡ the G¡envill e onogeny. lfithin the

GrenvïLl-e P¡ovl¡rce the Ì,abrsdor ?Tough rock6 are compile:r1y foLded to nal<e

up the Nor:nanvi.lle fold balt (Leech et aL", 1963).

The area studied lies at the i:rtersection of the labrador Trough

and the Grenville F¡ont. ït contaíns l¿brador Trrugh sedirnents and Archean

basement rocks on both sides of the Gr€rì!:ill-e Front. Southeast of the Front

the Proter"ozoic rocks show tuo rnain struetural trends, ând the Archean nccks

have these trends superinpo sed on pre-e¡¡l sting Archea¡¡ structu¡es. Northrest

of the Front the Arrhea¡r stfllctures are relaüívely undisturbed, år¡d tbe

Prot'eyozoíc st¡uctÌlreÉ follow a singie directlon.

ln a region affected by sevelal defomations, the stn:ctural geoJ.ory

beeomes eJcbrenely conple*. Here, however, relatívely thin and continuous beds

of in¡n foiraation, ûarb1e and q¡arbzite serre as narker horÍzons outlining

the corçIe¡r foJ.d patterns. The conbi¡iation of conploc folding and good narker

ho¡izons nake tl¡is an ideal area for the study of structural geologr.

Sinrctural Features

FoLding and Frinor Features

1t¡e nain stts¡cturål features of the Nornanuille, Gras lake-Felix

l¿ke ar¡d intervening GarhejL-Le GentiLhomre (Uurptry, 196l) areas are shown

in Figure 20. Tr"o naj-n fold directLons are apparent. In the no¡thern
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part of the area the raost promÌnent folds trend northeast, and are inter_

sected by slightþ less prorri:renå northwesterþ folds. The northr¡est_

trending fol-ds donjrate in the a¡ea between latitude 52oln]:''N and the

southern belt of Àrchean granulÍte. South of the granuLite the folds

sv,ring northeast again.

The inüerplay of the two fold systens developed two nain fold
types; simple folds, where one system is nruch better developed than the

other, and cross fo1ds, where the two systerns approach òhe sa¡ne degree of

developr.ent. S'i rnfle folds girre rise ùo the relatively straight, continu-

ous bênds of the Tron Formation series that occur nearr the pekans, carheiL

and Le GentiLhornme rivers, near the southern border, and between Ðonrs

Pond ¿nd seahorse låke. These bands trend eithe¡ north to northr¡est or

east-northeast.

I¡¡'here the two foId systerns are developed to the sane deg?ee they

form a series of don.es and basíns. The geonetry of this type of strucùure

is revie¡¡ed by Carey (f96e) an¿ OrDrisco1l (L962). The st¡uctural geology

of most of the Nor¡nanvirle Area, the northwestern pa!.t of the Gras rske Area_

and the adjoining parls of the peppler Ïake Area (fniltips, Ig59) fs
char¿cterized by this type of folding. t¡Jithin this cross*folded zone,

isorated basins of the rron For¡¡ation series are arranged in a grid-like
pattern between domes of Ìower gneiss (figure 2j, p. L52). In the

Nor¡nanville ¡\rea the grid axes are oriented northeast-southwest and

northwest-southeêst, and have a four nile spacing. The grid axes in the

Gras r,ake-PeppJ-er lake Area trend north-south and ea st-rlrest, rvith a five
nile spaeing. Reeognitíon of the strucËura1 pattern governing the regurar

occu$ence of iron-bea¡Íng structures is of direcü econornie irnportance,
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ar¡d i6 corered in more detail in the chapter on econonic geologr.

The zone of cross-foldíng corresponds in position to the near

shore sedirentary facies zone containing the oxide ilon forÌ'ìêtion. The

correspondence ¡Éy be a coincidence, or perhaps the ttrpe of folding depends

on the tliiclcoess or conpetence of the sedirnentary pile, or its position

relatÍve to the developing geosyncline.

The l-ocal stress pattern is varÍable and is best understood by

its relation to the stratigraphy. Areas underlain by Archean granulite

and weLL segregated Proterozoic gneiss are shown in Fjgure 20. The poorþ

segregated gneisses arld fron Fol3nation Series rocks are folded down be-

tween these rna.sses of deep seated rock, end are generally overturned

to¡¡ards then. T¡us the lower gneiss and granu3.Íte apparentþ occur in

areas of donical- uplift towards ï¡trich the overþing rocks were fo¡ced.

The structuÍal patÈerns are more unifor¡4 near the Grenvllle

Front and east of the Moisie River. The folds along the Grenville Front

are either upnight or overturned towards the main Àrchean ¡¡aso. The folds

in the eastern part of the Fe1ix I¿ke Area are uniforrn\r overtu¡ned

to¡'rards a zone of faulting followed by the Moisie River. Both the Gren-

vil-le Front and the Moisie River Fault Zone ûrark najor changes in lithologr.

The relative ages of the tr¡o fold s¡'sfertrs a¡e uncertain, but it

is thought thaù both the Hudsonian and Grenvil-1e orogenies are represented

(Stockwe11, p. 126, in Leech et a1., 1963). The nain portion of the

I¿brador Trough is elongated in a north to no¡thwesterþ direction, and

was folded roughly parallel to its length by the Hudsonì-an Orogeny. The

Grenville llovj¡¡ce and Grenville structures trend generally northeastward

( Gil]-, 1949). It trright t'herefore be assumed that the northwest-trending
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and northeast-trending folds of the present area were developed by the

Hudsonian and GrenviLle orogenies, respeetively. In such a case the

no¡thwesterly folding would predate the northeasterly folding by sone 600

mÍllion years.

This assurnption cannot be made because:

1) The hoterozoic sed.imenta¡Tr belt, of ¡¡hich the I¿brador Trough is
a pa'rt, swings southrùest¡iard fron lnabush rake tor*ard s pästassini lake

(figuÌe 1, p. 2). Hudsonian fol-ds forned parallel to this portion of the

beLt wouLd trend southwest not northwest.

2) The Proterozoic sed.i¡nents near Jaekson lêke, in the Nornanville

ilrea, lie outside the area of strong Grenville netanorphism but are tightly
folded about northeast-trending axes.

3 ) The northlr¡estey.L,,v-trending folds beeome better developed as they

pa.ss deeper into t'he GrenvílLe province. They reach naxi¡nun deverop*ent

in a zone bet¡ueen g and r¡! miles southeast of the Grenville Front. fn
tlris zone the northeast-trending foldo are relaÈiveþ un:irnportant.

4) Field rerations and sterêonet di.agrams of structu¡aL er.ements of
the area indicate that, where rer¿tive ages can be d.educed., the northwest-

trending folds are you¡ger th¿n the northeast-trendíng folds.

The same forces that for¡ned the large scale structures, formed

sn¿ll folds of si'nilar orientation. The geomeËry of these sma].l folds can

be ¡neasured directly and used as a crue to the shape of the J.arger fords.
The r¡ature of the snall_ fold.s .¡vas partþ controlled by rock type and

netamorphic grade - The cununingtonite schist in the Nornanv le Area, for
e:{ample, is cormonly deformed by chevron foldíng, h¡hereas, signoÍda1 folds
deforn the nearby gneisses. roiost of the sual-l folds in the granulite are
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isocli-nal. E:rarnples of these fold types are shown in plate XV. Cross

folds nay be visible in a single outcrop. Cross folded outcrops of specu_

larlte iron fornration, and wel] segregated gnefss are sho¡rn in prate xIT.

In both cases the penciì" points along the axial plane of the secondary

folds .

Ir/eiss (1959) showeci that where two di¡ecti-ons of folds are

superposed, folds of the second generation tend to be smaller and less

persisten¿ in trend than the fi-rst. In the Nornanville Àrea the north-

easterly trend is süronger, anci has a greater period than the northwester-

1y. The sanÊe relationship is seen in smalL cróss.folds (fUte nif_n ).
lioreover, the great nâjoríty of late chevron folds and associated. shear

plenes trend northwest. ft therefore appears, that the northeasterly folds
predate the northwesterþ folds in the Nornanvi]le jtrea.

ïn the Gras l¿ke and Fel_ix l¿ke areas the southeast-trending

fol-ds are best deveJ.oped, and recognizable shear folds are rare. In this
parf of the area concfusions regarding relative ages of deformation must

come fronû other evidence.

faþrlc diagraqs

I;ineatíon, foliation and æ(iaL pJ-anes of snalL folds of the

three ütap areas hr€re plotted on the lower þer¡i spþE¡s of a Schnidt net.

The sampling of attitudes r'¡as controÌLed. by traverse spacing and exposure;

aL] attitudes þing nore thên a o.ile from a sirniLar attitude in the same

rock group are included in the diagrams. Because of the irregular sanpling,

the diagrans ere not true statistical sr¡r¡¡aries but rather s¡mopses of

field data. It is hoped, nolrever, that the tnap areas are Jarge enough

that l-ocal dif,ferenoes wil-L bal-ance out and èhe diagrans will reflect the
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A - Chewon foLds in the cu,r,ûLingtonite schist
Nornønville Á.rea.

near Greenraater lake,

B - licno-ida1 folding of the wer-r segregated gneiss near the pekans River,Gras l¿ke S,rea.

C - Isoclir¡aL- folding in the Archean granulfte, north of Bould.er lake,Nornanville å.rea.
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PiATil XVl

- Snal-l cross folds srrown by quartø layer in specularite i¡on fornration
near Boulder lake, Nonrenvil_Ie Area. I{aín fold trerd.s norüreast,
pencil points north¡rest, parallel the axes of the secondary foldíng.

- cross foLds in well segregated gneiss, G¡as r¿ke Àr.ea. Foliation trends
souÈhwest, paralleJ- the rìain föLd direction. penciL points northeast,
paraIlel. the secondary fold axis.
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true structurål pattern.

Before considering the natu¡al patterns, it is e.dvisabl-e to

review the types of patterns developed by rotation of planes and lines

under known conditions. Ideal stereonet lÐtterns are shown in Figure 21.

These diagrans are hypothetical exanples constructed by the author and

based on the work of Dahlstron (f954), 'vr/eiss and Mclntyre (1957), bleíss

(1959) and Ra!ûsay (1960).

Two types of cross folds are considered; fLexure and shear folds.

In flexure folding ühe nain fol-iâtion planes are cornpetent, and any slip

acts parallel to then. Sheer folds are formed by slip on planes aü sonne

angJ.e to the prinary fol-iation.

The structuraL el-ements of sj-npl-e fol"ds are shown ln the first

column of Figure 2I. Lineation parallel to the axls of simple folds falls
at a point nexÍnuü (¿iag. f) and the poles to foliation lie along the great

circle perpendicular to the fold arís (diags. ó, 11). Foliations in the

li¡nbs of the fold form two maxima, vrhil-e the axial- regions coriplete the

girdle. The axíaI plane falls on the great circle containlng the fold

axís (or llneation) and the nid-point of the crestal scatter.

Where existing.fo1ds are refolded, the pattern developed depends

on the nature of the second folding, and on the sngfe of intersection of

ühe two axes. If the second folds are shear fo1ds, the earLy lineation

LI appears to rotete â1ong the great circle containing the lineation a,nd

the direction of tectonic transport tlarr (nåmsay, 1960, p. 80). In diagram

2 of Fígure 21 the lineation has nigrated 45Õ fron Ta to positiotr" h-t.
AnguLa¡ riigration ls greatest where the angÌe between the li-neatíon and

the direction of transport is large, .and becomes snallê" as the two
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directions converge. hlith a great deal of slip T,rr beconìes parallel_ to
rrarr and ¡otation ceases.

Where the second folding is by fJ-exrre the earl_y l_ineatíons are

rotated in a eone about the axis of the seeond foJ.ding (n2), so farl on a

snaIl circle i.r:i¿h 82 at íts centre (aiags. h and. 5, Figure 21) (Ramsay,

1960, p. ll). If the angl-e between the tuo foLd axes is large, the cone

is open; r¡rhere the axes are perpendicular the cone beco¡nes a plane and \
falls along a great circle (díag. f). The second lineation, þr rrould be

scattered because it forrns on already forded beds, lìIeÍss and Mcrnty"e

(L957, p.586).

Although cross folded lineations have beên studied by several

authors, foliations have received little notice. They behave ¡nuch the

sé¡me as l-lneations but for¡a more complicated patterns because they do not

follor,r a single direction in the foLd.

ïf the second deformation is by shear_folding (diag. ?) the

foliations undergo appa.rent rotation tolrards a positíon in whÍch they rrirt
contaín the direction of tectonic transport, ¡ra*. The poles of foliatl_on
(prqrrr") forn-ing the pole circle of the originel fo]d., are rotated to
new positÍons, pr...sr and p¡l...sr¡. Their paths of rotation forlow great

circles, the axes of r,¡hich are the intersections of the srip direction
(x-xt ) and eaeh of the foliation planes.

The rotation is great where the angle between the foliation end

direction of transport is large, and decreases asynetriealþ to zero ¿s

the two directions becone paraì-ler. The paths of rotation converge at the

pole to the slip sulfaee, and a strong pole concentration forms near this
point if the seeond deforrnation is strong enough. ff the seeond deforn¡a-
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tion is not n¡rch stronger than the first, íts effect Ís to split the

original poJ.e girdle into two parts. The pole girdle is split symetrically

where the second fold systen. forns at right angles to the first, but

asynetricallJr (Oiag. 7i r¿here Ít d.oes not.
.lrlhere the second folds form by flexrre (diag". 8r9rl0) poles to

folíation are rotated on s¡nall circle paths about the second fold Ðd-s.

If the second foLds have well developed Lùnbs they splít the pri.rary

girdle into t¡{o halves, about a syrmetzy plane rrhich n@rks the l_ocation

of the original girdle. Thus, the rnair¡ diffe¡ence between patterns formed

by second generation flo<ure or shear folds is that the flexre folds

spLit the orÍgÍnaI girdle synetrica$r, whereas, the shear folds generally

do not. .tf the axes of the fÍrst and second folds a¡e perpendfcular (díag.

8) some poles in the primary girdle are likely to lie parallel to the

secor¡d fold axis. These poles are not dÍspersed by the second folding so

form a nraxi:¡nrm at its ùcis. The crestal scatter of the second. folding nay

form a weak girdle along the snall circle foLlot¡ed by the second rotation
(dfag. 9;. This type of girdle is enrphasized where the first folding has

stronger limb concentration; than the second foldi:rg.

Stereoplots of foliatíon and Lineation in the /rrchean and pro-

t,erozoic rocks of the Nortrìanville, fü'as lake, and Fe1jx l¿ke areas are

shown in Figure 22.

The fol-iations include ¡¿ineral layering, platy nineral orj-enta-

tion, and the nain pa.rting plane in mononrineralic marble and quarüzite.

These surfaces are parallel to rock unit contacts, and. âre believed to

follow originar bedding planes. Iiany of the roeks in the Normanvilre Area

are cut by a cleavage, which in some rocks has served. as a surface of sl"ip
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to produce shear foIds. Thís cl_eavage is not included as foliation, but

is plotted as the axial planes of snatl folds where appropriate.

Lineations take the forrn of nineraL orientatÍon, fluting crenula_

tions, drag fol-d axes and the i¡rtersections of cleavage with bedding folia-
tions. The nost cormon tJ¡pes are drag folds and crenul¿tions. À1I Èhese

lineations lie parallel to the regional fol_d axes. AlI t¡1pes occu¡. in the

Norn'snville Area, brú in the Gras l¿ke-Felix lake Area, ¡¡here the netarûolphic

grade ís higher, flutíng, eleavage and crenulations, ¡rere not encountered..

Poles to foliation of the Arcirean granulite in the Ìdorrnanville,

Gras lêke and Felix Ï¡,ke areas are shor¡nr in Figure 22, diagrans 1, I and

10. North of the Grenrrille Front (diag. 1) the granulite is isocl-inally

folded about axes trending N SOoE; axial planes of these folds are

verticsl-. This pattern nay be only local; Duffel and Roach (I9j9) recori

nainþ gentJ-e dips in the larger area to the west.

The granulite in the Felix Lake Ârea (aiag. lO) strikes generally

southeast, and dips northeast or southwest. The naín pole maxina are

about southeêst-trending folds but are scattered. by subsidiary no¡theaster-

þ folding. The axee of both fold sy-stems are ho¡Lzontal. The pote

gírdles forlow snall circles about the subsidiary (probably later) north-

east fofd axes, in a pattern very sinilar to diagram g, Figure 2I. The

poles to foliation of the Gras Iake granull-te, ploüted in diagran J of
Figure 22, suggest a similar pattern to those of the Felix Iake Area. The

pole girdLes of both diagrans ! and l0 are scattered., and neither pattern

is very well developed.

Foles to foliatíon of the p¡oterozoic rocks in the lrror¡nanville

Ärea (díagrans 2 and J) lie along two inconplete girdles (rr,and erl), the
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pol-es of which (b' and b') plunge northeast and southwest, respectiveþ.

Points bI and b2 lie on a great circfe :ith its pole at Bnw. The poles

bl, b2 are the axial dj-rections of the northeast-trending folds, and Bnw

i.s the axial dírection of the northwest-trend jrrg folds. they correspond

to a:ria1 directions napped in the field, and to the lineation concentrations

shovm in diagrarn 4. The structural pattern of this area probabþ developed

¡¡hen an earþ fold systena with horizontal northeast-trendilg axes (Ste) ras

refolded, about axes plunging 3Oo to the northwest (Bnw).

Ransey (1960) shor''s that where a fold systen is refolded by a

younger sysfan, the old line¿tions are bent to follow elther great, or

sr¡411 circle paths around the younger fold axis. l'lhether great or sna1J.

círcles are followed depends on r+hether the second folding is by shear or

fLexrre. The different possibilities are illustrated in Figure 21, dia-

grams 2 to J.

In the Nor¡nanville Area horízontaL northeast-trending líneations

have undergone appa.rent rotaüion about axes plunging JOo nortlmest, and

Lie in the g¡'eat circle perpendicuLar to the northwester.þ axes. This

pattern nay have formed by either shear or flexure folding. It seems

lÍkeþ that the norLhwest folding contains a large component of shear -

because the poles to foLiation are not synretrical about Bm, and nany of

the snall north'¡rrest-trending folds in the field are ehear folds. SnalL

s ca.Le cross folds (Plate XVI-A, p. fJJ) also indicate that the norÈh¡¡est

folding is younger than the northeast and took place by shear.

Foles to foliation of Proterozoic rocks of the Gras lÂke and

FeLix l¿ke areas are shown in díagrans I and 8, and 12 and 13. The nain

trend fn these areas is southeast and subsidiary trends are weâk. The
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rower Gneiss in the Gras l¿ke Ârea occurs nain\r in broad nortbwest-trendi¡g

a¡tich¡res in the northwestern part of the area. The f¡on ForEå,tion series

and upper gneisses generaJ-ly occur in tight syncJ:ines. In the Felix I¿ke

Area the nrajority of the etructures are overtrrrned to the southn¡est, and.

plunge southeast.

Gross folds are not obvious in diagrans 7,8, !2 and 13, but nay

cause some spread i_n the pole girdles. The Felix lake diagrans contain

long irregular naxi:lø suggesting two axes plunging to the southeast, and

e8.st-southeasù, respecùiveþ. Cross folding would not be appa.rent in an

a¡ea ¡¡here ti¡o fol-d trer¡ds are alnost, paralle1.

Lineations in the Gras l¿ke Area are plotted in diagram 9 and

those in the Felix r¿ke Àrea are plotted in diagran 1l¡. rn the Felix lake

À¡ea most of the lLneations are concentrated in a small eírcLe about a

southeast-trending axÍs. This type of pattern could be developed þ the

rotatLon of south- or east-southeast-trending lineations about younger axes

plunging to the southeast (diagran !, Ftgure 21). The same pattern occurs

in the Gras Iake Àrea, but ís conpricated by more northeast, and nortlnresù-

trending Lineations.

The foliation of the gneiss, occurring wlthin a nrile of the

Archean granulÍ.te, løs pJ_otted in separate diagrans, 6 and 1I. These

diagraus were plotted to invesùigate ¡¡hether ¿he gneiss near the granulLte

contained argr unmistakably Ä¡sþs¿¡ structures. The diagrams contain

girdles about southeast-p1ungi,g axes, much líke the ones in known pro-

terozoic rocks, but split nore strongly about the northeest axes. There

is nothing to identify this structure as Archean, so the di.agrarns do not

tell anybhing of the origin of the 1o¡¡er gneisses.
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The stereodiagrarno record the attitudes of structural elements in

the area. They can aLso be used to deter¡nine the average dírections and

reLêtive ages of the Ìocal defo"må,tions. Interpretåtion of the diegrams

suggests the following sequence of events:

l-) Archêan Deforestion; In the NornanviLle Area isoclinal folds ¡.rith

vertical axial planes were d.eveloped about axes trending N 6OoE. In the

Gras Lake and Feli:< Iå,ke areas the folds are more open, their axes are

horizontal and trer¡d S 4OoE.

2) Proterozoic Deforrnations; Noruanville Area.

The Proterozoic ¡ocks i-n the lrlornenville A¡ea were fol_ded about

horizontal axes trending N 3508. This deforEation rBns paral-Iel- to the

Grenvil-Ie Fronù and the western bordef, of the I¿brador Trough.

. A second cieform¿tion ¡efolded thê rocks abouù axes plunging JOo to

N 55fu. The c¡oss folds so forued show on both the geologÍcal røp and the

stereodiagra,ms of the area. The second fol"ds are probably shear folds.

Neither of the Proterozoic deformations affected the Àrchean grand-ite in

the northern part of the a¡ea.

3) Iloterozoic Defornationsj Gras l¿ke and Felix Lake areas.

The Archean granuJ.ite of the southern areas ï¡as refolded about

horj.zontal å,:res trending N 4508. Northeast trendl-ng folds also occur in
the southern parts of both areas, and contribute to the dome and basin

structures in the western pa,rt of the Gras I¿ke Àrea. They show in the

lineation diagran of the Gras I¿ke Area. ilpart fron these occurrences,

northeasterly trends are rare in the southe¡n areas.

Rocks in the southern areas contain two, sJ_ightþ dífferent south-
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easterl-y trends. The earlier trend plunges 2oo to s fooE, and occurs ¡É,inr.y

in the Felix l¿ke area. These ford.s ¡¡ere reforded about ¿xes trending

S 3OoE, during ¿he strongest, and final deforniatÍon of the regj-on.

The same ]rìå.in nol:theast- and southeast_trending deforin.aüions

probably acted on both the Nornanvirle and. Gras r¿ke-Fe1Íx r¿ke areas.

The northeasterþ deforrnation r.ras predonilent i-n the no¡th and the south-

easterly deformation was predorninent in the south.

The early east-southeasterJ.y folding of the FeU:< Iake Area may

have been caus ed by a r-ocar change in the stresses that caused the nainry
northeasterly defor¡:'aüion. ?his is considered. unÌÍkeþ because northeast-

erly folds have deformed the Ferix ]áke granullte. Three p¡ote¡ozoic

defornations probably affected this area; the first, deveroping the north-
easterry trends, is onry preserved. in the granulite, and in the southern

and ¡'¡esüern parts of the area. The southeasterry trends are werl d.everope.

in the Proterozoic rocks, but do not show in the granulit,e, which apparent_

ly acted as a resistant block during the Later defornations.

Faults

Field evidence of fauJ-ting incr-udes breccias in competent quartz-

ite and iron fornaüion, r4ylonite in the gneiss west of Hope lake, displace_

nent of fon¡ationô and the more co¡nmon sl-ickensides and shear zones.

The ¡nost obvious and probabl_y the nost Ìmportant fauLts of the
areê are steepþ dippi¡s thrusts, striking pararlel to the south-southeast

trending folds. These faults show as lÍnear features on air photo' and

were observed on the ground. They are couunon\r d.eveloped near the compe_

tent rocks of the rron For¡nation series, and where movenent is great enough
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brfug the lower rocks into contaet with them. The maÍn rnovement, indicated

by sliekensides and drag fold.s, near these fault,s is east sÍde up and to

the south, relati.ve to the ¡r¡est side. The faul-ts striking south f¡om Donrs

Pond and north from rac Bergeron, and those along the pekans and Moisie

rivers beLong to this group. The north-northr¡est trending faults ne¿r

rac }'loiré, and the cross faufts in the Mount wright syncJ-lne have the saoe

movement and belong to the same group.

The main rivers of the a¡ea apparentþ follow south-southeasterly

fault' zones. several shear zones are exposed along both Ëhe pekans and

Moisie rivers in the Gras l¿ke and Felix I¿ke areas. Ät two l-ocê,tions iJI

the Gras I¿ke Àrea the Pekans River separates rron Foniation series rocks

and upper gneiss on the ¡¡est side of the river fron apparentþ ror*er gneiss

and granurite which l-Les to the east. The Moisie River coi¡cides ¡dith an

abrupt change in rock type. poorly segregated gneisses 
"nã rron Forüation

Series rocks occur on its r,sestern side, ¡rhereas, mignatized gneiss and

basic int¡'usions occur on the east. A belt of drag folding and feLdspath-

ization occurs east of the rÍver, and ultrabasic siLls have been injected

in a zone alon€ the river. I'Iove¡nenü directions on s¡raLL faults and drag

folds near the rive¡ are ambiguous, however, the ¡nai.n movement here ís
interpreted as east side up.

Several snal1 southwest trending faults cut the gneisses south

of the Archean-Proùerozoíc contact in the No'"¡Ênville Area, and in ùhe

Gras I¿ke Area where the regional sùructures sldng southv¡est; Most of
these are small thrusts with sl-ickensides showing movement of the south

side over the north. These movenents ¡m¡st be snÉ,11 as the rocks to the

south are younger than those to the north.
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Arche¿n-Frotçrozoic Contact and the GrenviLle Front

The contgct beüween the Archean and Froterozoic rocks crosses

the i\¡ornanvil_Ie lirea in a northeasterly direction (Figure 1, p. 2; Figure

2, p. 8). DuffeL and a,oach (t!J!) shorú the contact continuing south¡¡est-

ward j-n the same directj.on ùhat it crosseõ the area, and GiIl et at. (1932)

show it passing about 5 mir-es north of hebush l¿ke to the northea.t. r,jest

of BouLder I¿ke the Àrchean roeks strike southeast untÍ1 they are cuù off
by fhe koterozoic gneiss. ¿t this'location the gneiss strikes northeast
parallel to the contaqt, and dips away from it. About a ¡nile and a half
southeast of the contact the Èþoterozoic gneíss is cut by northeasterþ
shears. .Ðrag fords near the contact shohr that the Froterozoic rocks moved

up and tol,rards the north.

Very weakly meta.üorphosed iron forrnation and albite_epidote
schÍst and grit overrie the granurlte facies rocks in the northern part of
the Noruenvi.l'le À¡ea. Neår Jaekson rake fragrLents of the granulite are
comnon in the basal grit. Thus, although the contact Ítself rras not
observed, it is ühought to be essentially an unconformity, perhaps ¡nodified

by defomaùion of the proterozoíc rocks against the Archean basement.

The gracie of Grenvil-le metamorphiem inc¡eases gradually fron
northl,est to southeast. fron fomation corùposed of quartz and sideritê
near Jackson Iake changes to c'nuningtonite schíst near Greenn¡ater Lake,

and to banded quartz and hypersthene near Kissíng lake; alblte_epidote_

ehlo¡iðe schist grades into oligocrase-biotite gneiss in Èhe sane a¡ea.
The Grenville Front in the Nonnanville Area 

"pp""r" to be e netarnorphic

gradient, raLäer than a fault zo¡j.e as ít is aÈ lristassini (quirk et ar.
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J-p60; Neilson, LJ63; o¡ near lake Tanagami Jofrnston, 1954).

Ä gravity survey by Innes (195?) revealed a strong gravity
anona\¡ lying south of the Grenvil_le Front betl,reen Mount, i{right and l¿ke

AlbaneL. Innes suggested that the anonaþ was cauged by a body of light
granitic rock injected into the 

'oots of the GrenviLle mountaÍns. The

nûagnitude of the anonaly is too great to be explained b5¡ rock densities
ê¿ the surface. Its cause is probabþ e deep-seated geological change

related to the Grenville Front.

¡l sirn:ilar long, negative gravity anornaly underlies the western

edge of the Superior btock (Wilson and Brisbin, 1!60), suggesting a genetl"c

association of gravity Lows and the boundaríes of structural fuovl_nces.
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CHAPTm' TX

ECONOI.{IC GEOIOGY

Iron DeÞo6its

In the early IIJO! s increased denÌand for iron ore, and the use

of beneficiating techniques nade the mining of remote and foraerþ sub-

grade iron deposits profitable. Several very large Iow grade iron deposits

occur in the metanorphosed exLension of ¿he I¿brador Trough. lIinÍng actÍv-

ity in this region has so fa¡ resul-ted ín the lac Jeannine, Carol- I¿ke and

Ì.iabush lake projects, and i_n outl_ining many other deposíts. Shiprnents of

ore concentrates fron I¿c Jeannine and fron Carol Iake began in 1961 and

19ó3r respectivefy. The deposits wiühin the area covered. by thÍs thesis

are as large as these others but are farther from transport facilities,
and will probabfy not be deyeloped wrtil the nore accessabl_e deposits are

exhêusted.

The iron deposits of the region r,¡e¡e first staked by the Uníted

Doninion þiining Conpany. The conpar¡r øçlored ¡n¡ch of the a¡ea between

L947 and 1949, but decÍded that it lras not practical to dwel"op lts pro-

perty and allovéd the clai¡s to lapse ( LeBordais, 195?). fn 1952 the

United States Steel Conpa,ny began the nassive exploration progrartr that

acquired the ground now being developed by Lts subsidiary the euebec

Cartier l{ining Company. The exploration rush continued. through I9j?, by

rhich ti¡e most of the pronising iron occur¡ences were diBcovered. Recent

activity has consisted of detailed geological and geophysical_ nepping,

di¿nond drilling and nriJ-l tests ai.¡ned at evaluating lmown deposíts.
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The guartz oxide type has the best econo¡nic possibilitÍes of the

several types of iron for¡nation. Its iron con¿ent generalþ ave-rages 2Jft

tro 35'í over thicknesses of fron IC to 3OO feet. In some places mining

¡¡idths are increased by structural thickenìlg or repetitÍ-on of Íron-bearing

beds. the quartz specularite iron fornatíon is cormonly coarse grained and

fríable, permitting easy crushing for concentration. The quartz rnagnetite

type does not ocsur in as large deposits as the quarùz specularite. ft is

nore nassive, finer graÍned and rBy not czrush, as easíIy. Both types of the

oxide facies contain litt1e phosphoruo, sulfur or titaníum. A hígh grade

product can geneÌalIy be obtâined by concentrating rninus 20 to nínus l_00

nesh.üatelial by a factor of about 2.7.

The more ímportant deposits in the present area are held by Quebec

Cartier Mining Conpany, Itt:orn'anville Minin,g Compargr, Bell-echasse l4ining Cor-

poratíon Ltd. and Mount hright fron Mines Cornpany Ltd. All these companies

hoLd deposíts containíng more thên 100 n:-iLlion tons of ore grading 3M j::on

and the first two hold as L\¡ch ¿s ten times thLs ar¿ount. DeposíÈs with less

than 100 m-1l]-ion proven tons are held by Holannah frines Ltd. and conso]-idated

Fenimore Iron i,ünes Ltd. (Janes, 1!!/; Janes and Elver, i.:955, Lg5Ð.

Most of the large deposits stand. as hifl"s above the suroundino

gneíss. All- these large, weJ-1 exposed bodies have nor*.been discovered,

but s¡na11er buried deposits nay still be unclained. The l.fount l{right lron

I{ines property is an exanple of an overJ_ooked deposit. It was staked

alongside Quebec Cartierts largest deposit ín 1956, üwo years after that

deposit had been mapped and drill-ed. ft was drij-Ied fn \95g and found to

contain sone 147 mil-Lion tons of ore grading abonL Jffi íron (Koulonzine

and Jaeggin, 1!61).
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ïn future search for iron deposits, areas of upper gneiss, and

those areas containing erratic boulders of iron formâtion should be re-

examined. Ore gr.ade erratics are shown i.n those parLs of Figure 2J, that

Ìvere &ìapped by the author. Prospectíng should be concentrated ín the zone

containing the oxide facíes of iron formation as the iron fornation outside

this zone is not likely to be economic at present.

In some parts of the area, cross folding has produced a regular

s¡rsten of domes and basins. Iron formation conmonly occurs in the basins

formed at the íntersections of s¡mclínal axes. The pattern of do¡nes and

basíns, that controls the location of iron forrnaiion in areas nøpped by

Phillips, l"I¡rphy and Clarke, is shown in Figure 2J. A detailed study of

the outcrop patterns developed by cross folding of this sort was mâde by

OtDriscoll (1962).

Figure 2J is necessarily interpretative. The basíns may be rnore

Linear than ci-rcular, and are not alf the same size. Sone iron deposits

do not occur at grid intersections. 0utcrop patterns depend on the leveJ-

of erosion and thÍs may be deep enough to reriove alL the iron forr¡ation

from a shallow cieposit, or so shalLow Èhat the i¡on for¡nation is exposed

on the foldrs linbs at sone distånce from the arcis. The pattern nay also

be nodified by faulting, as it is in the Donrs Pond-Seahorse lake deposit.

Despite these disturbing factors, there i.s a stiong regularity ín the

occurrence of iron foräia¿ion, that couLd hel-p in the search for ne¡¡ deposits.

Fitting a¡res to the basins presents some problems. In some

places nore than one set of axes w:ill define the points in question. The

axes !{ere drawn to correspond as closely as possíble to fotd axes napped

in the field.
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Tl¡o axis intersectíons in drift-covered. areas are marked in ùhe

figure. These places rey be underlain by iron fornation, and are certain-

þ worüh further study.

Sul-fide Deposits

Although the area is of primary interest for its iron ore, it
al-so contains suLfide deposíts associated w'ith the gabbroíc intrusions.
The two most important occurxences are near Broom Iake i¡ the Norrnanvir"le

Àrea and near Pegma I¿ke in the Felix T,ake Àrea.

Bl-ooro I¿ke Deposit

The Bloom låke deposit is held by the euebec Coba1t kploration
Conpany. ft consists of pods of nrassive white arsenop¡z.íte, in and. gener_

alþ confonnable r,rith altered quartz - cufi,.ingtonite - nagnetite iron
fo!'üation. The i¡on forration appears to be a roof pendant in a gabbro

sill. The best ¡¡rineral showings have been re¡noved by trenchÍng, but
judging fron large blocks lying nearby, the pods ranged from several

inches across to tÏro feet long and one foot r"r.ide. The sulfide is nrainly

nassi-ve white arsenopyrite, u-ith n-inor amounts of cobaltite, ¡¡rrite, and

native bísmuth reported by conpar\y georogists. several of the pieces show

cobalt bloom. The nìêin metal contents of sanples taken frora the ¡¡ineral-
ized zones are shoïrn in Table 9.
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TÂBI,E 9

litlA]. COi\}Tmür oF BIOO]4 IÀ¡(q SULFjDE SAI4PLES

Sanple Coj6 Bú. j{iø ût" Au oz/ton Ae oz/ Lon

1 6.0 0.16 O.l+3 nil- 0.000 0.000

2 6.5 A.n 0.23 nil 0.000

6 o.28 0.12 0.04 0.01 o.o2

0.01 nd. ni1 0.01

tr.
tr.

0.000

0.ol_

7 0.01 nd.

I 0.OI nd.

9 nil rri1

tr. nd. nil-

tr. nil nil
Samples 1 ånd 2 are grab sampJ.es of gulfide rnateriaL taken by the au-thor.

Sanp1e ó is vein materÍaI contaj$ing a streak of sul-fide ¡ninera1.

Sanp1e I is a chip sample over 30 inches of trench ¡el_l with no sulfide
eeen in place.

Sample I is a chip sample over 18 feet of trench.

Samp1e ! is a chip sanpl-e over 30 feet of rusty grunerite schist at the
north end of trench.

Saroples 6 to 9 were taken in fg51 by Dr. E.T. Denís of the euebec
Depa.rtment of Mines.

Coarse grained pink to buff carbonate, and. coarse grained dark

green anphibole and pyroxene accompany the sulfide mi¡erals. Close to the

deposit the j-ron forÍÞtion beeomes very coarse grained and r¡rsty Ìreather-

ing. In places it contains ellipsoLdal porphyrobJ.asts of magnetite, up

to V4 incir 5n size, in a natrj.x of coarse quartz and curalaingÈonite.

FeEna l¿ke Deposit

The Pegna Lê,ke deposit l¡as napped and driLl_ed by Bellechasse
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ìtlning Corporatíon and the results of this uork a¡e reported by Gleeson

(1956). The largest of the showings (lr"n otr the accompanying nap) is a

zone 400 feet long and æ to 50 feet wide in rchich sul"fídes are dísserrinated

through peridotite at the base of a gabbro sil1. Gleeson reports 1S to

1.51 co¡nbined copper and nickel, O.jfl cobalt, and ¿races to O.I oz/lon

silver in this depo6it.

The up.rble directly l,rest of Pegma lake contaÍns a quartz vein,

with pods of sulfide minerals (deposit rb ). Gleeson d.escribes the vein

as up to 12 feet r,rride, an<i ùhe pods as contaj"ning Iú to ZØ sphal_erite,

2% fo 5% pyrrhotíte, and minor rrarcasite, inagnetite, and chalcop¡,rite.

Minor Sulfide lleposits

SnaLler suLfÍde showings were found j.n shear zones throughout

the area. The locati.on of these dêposits is shown on ühe acconparrying

maps. Assays were nêde by the Quebec Departnent of Natural_ Resou¡ces of

gr¿b ôamples from some of the showings. In the Gras I¿ke Area and on

shorrings (ndrt and r¡er¡) in the Feljx l¿ke hrea anafyses indícaÈe onJ.y

traces of copper and nickel, and negligable gold and silver. These

deposits, though not econonic, demonst¡ate the presence of sulfide miner-

aJ-ization associated with the gabbros and Êhear zones of the a¡ea.

Non Metalic l{ineral"s

Graphite and lgranite are present in the schl_st overþ5lg the

siLicate-carbonate iron forrntion. GeneraÌþ they nake up less Llnan 5%

of the rock, but in places they are more abundånt. The mica schist dÍrect-

ly south of the Gentilhomne Lake outlet contaÍns about ZJS l<yan::,,,e ovet a
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100-foot ¡,¡"idth. l{any large blocks of a pecu}iar rock containing 2@

lryanite and !5'Á pink garnet in coarse cu.,mingtonite were found about 300

feeü east of the siLicate iron fornation hilr in the northwest corÐer of
the Gras l¿ke Area. These blocks nrus! be very close to their source,

although the outcrop was not fou¡d.

Graphite nakes up approximately 2üÁ of a gneiss layer on the

hillside two mil-es west-southuest of the junction of the Gentilhonrße and.

lvloisie rivers. tr*poeure lias too poor to estinate the thiekness of ùbis

layer, but its nraxi¡uu¡r exposed ttliekness r,r.ês about 4 feet.
The quartzite of the Norr¡anvilLe Area ís generally pure and

couJ.d provide a source of siLj_ca if it is needed localþ.
sand and g.avel, suitable for eonstruction nateriar are avair_able

fron the eskers and sorted fluvoglaciaL deposits of the area. These

deposits occur j.n old strean channels, nany of which are foJ_Iowed by

modern rivers.
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CHÀP1ER X

SiJl'ßiARY AND CONCIIISIONS

This thesis is a study of the petrology ênd structuraL geology

of the rocks near the intersection of the labrador Trough and the Grem¡ille

Front in the Mor¡nt wright region of Quebec. The rocks of the are¿ inc}¡de

a. Proterozoic metasedi-r4enùary sequence and the Archean baserrent on which

it i,ras deposited. North of the Grenville Front the Archean rocks are

reJatively fresh t¡persthene granulites and granitic intrusions, and the

Froterozoic rocks are stightly metanorphosed grit and iron fornation.

hü.thin the G¡enville ?rovince metauorphisn has raised the proterozoic

rocks and retrogressivel-y rnetainonphosed the Archean rocks to the mírld1e

alr¡andine alrLphibolit e facies.

Generalþ conforurable bodies of quartz monzonite and gabbro

ínject the lloterozoic seeüencêr Tn the southeast the gabbro is partþ
diff erent'iat'ed to peridot'ite alrd acidic orthogneiss, and gran-ite. Gnei.sses

in the vicinity of the differentiated gabbro are metasonntized with the

addition of potassium, sodÍun and the oeidation of iron.

The gneisses are classi-fied on the basis of ¡Lineral conposition,

nafic - felsic segregati.on, and. stratigraphíc position. The well segre-

gated gneiss occurs in the deeper, more metamorphosed pal"ts of the erea.

Hígher in the seríes and where metemorphism is less intense, the gneiss

is poorly segregated. Ì,üneralogically distincðive rocks include epidote

schist and grÍt and potassic gneiss below the T¡on Fornation Series, and

the rusty-weaihering graphitic schist, mica-h¡anite schist, and hornblende_
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garnet rock above the Iron FornatÍon Series. The distinctive ninera].ogr of

the first two types is caused by their unusual degree of metamorphism or

netasonatism, and that of the others by the unusual composítion of their
original gedi:nent.

The Iron Fomå.tion Serieg includes i¡ron fornation and associated

quartzite and nårb1e. The i¡on fornatíon nay occur as oxid e, quartz-

silicate-carbonate or orivine-p¡rroxene-carbonate facl-es. The type deposited

tr.as apparently controlled by Eh-pH conditions at, the site of depositlon.

The oxide facies occur:s in the northl¿estern part of the area, and grades

Ínto silicate-carbonate facies in the southeast. The oxLde facies is
generaÌly underLain by gneiss or quartzj_te, and the sificate-carbonate

facies by n¡arbl"e. These changes are thought to reflect, the depth of the

Proterozoic sea, shallow in the northwest and deeper, causíng a more red.uc-

ing environment, in the southeast.

The eomposition of the gneiss aLso changes across the region.

rn the ïrloruenville Area both the upper and lower gneisses have conpositions

reseobl-ing an averagê shale. rn the southeÌn area, the composition of the

lower gneiss is sj:rlilar to greywacke, and the upper gneiss to shale. The

Archean granulite has the composition of a greywacke.

The conpositions of the co¡mon ¡n_inerals differ somer,¡hat betÌ,reen

rock t¿nes. Most of the rocks conúaín plagioclase ín the range between

An , and Anrr. More albitic plagioclêse occurs in the sllghtly meta¡no¡_

phosed albite-epidote grÍt, and the porphJ¡roblastic schist of the Nornen-

vÍl1e Area, and in the acidíc orthogneiss and Archean intrusions. More

calcic plagiocLase occurs in the highly metamorphosed calcíc rocks and

basic Íntrusions.
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Refrective índíces of the r'Âfic minerars are relatively low in
the lower gneiss, higher in the upper gneiss, potassic gneiss, altered
gabbro, and hornblende-garnet rock, and very high in thè acidic differen-
tiates fron gabbro reflecting increase in the ratj.os Fe/,fg, and

(Fe*3 1 Ar)/si. The ratio of cell edgeþefractive índex is a measure of
the calcl-.m content of garnet. values of this ratio are high in garnets

from rocks rich in hornblende, and lov¡ in garnets from the upper gneiss,

acidic orthogneiss, unal-ùered granulite and well segregated gneíss.

rn the silicate-carbor¡ate iron for¡nation the Grenville metamor-

phic gradient' can be t¡aced fro¡a the greenschist t,o the niddle al¡nandine

auphibolite facies. fn its least metaüor.phosed form the iron fornatíon is
conpoaed of quartz, siderite and rnagneùite. New ninerals appear in the

order stilpnonelane, eurnnringtonite, garnet, actinolite, clinopyroxene,

orthopyroxene and, if quartz is absent, olÍvine. The pyroxenes appear et
about the þanite zone of metaraorphism, a ¡m¡ch lower grade than they do l_n

pelitic or quartzofeldspathic rocks.

IJæoxenes coexist,ing in the iro¡ fornation show several per cent
enrichment of Fe+z/(Fe+2 + Þþ) in the orthopyroxene rerative to the clino-
ÞJrroxene. The Fe/Mg fractionation between coexisting pyroxenes in the
i-ron fornetion cannot be used as a geothermorneter, and. does not show anw

simple relationship to the cal-cir¡n content of the p¡rj.oxenes.

Solid sofution of llg0O3 in caLcites from the nerble does not
exceed 5% in any of the sanpr-es sùudied. The anount of l"rgco3 that can be

held in solution in carcite depends on its tenperature of crystarlization,
ênd in the present area final equilibriurn was apparently reaehed at less
thên 5oOoC.
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The Proterozoic rocks are deforued about tr*o nain structural

directions; northeast to east-northeast, and. southeast to sou r-southeast.

The two ford di.rections are equally developed in a belt ì.ying close to the

northwestern shore of the trough, anri containing the oxide facies of iron
forraation. ln the resulting fold systen, basins of íron formation ocsur

at synclinal intersections arranged on a roughly s)ãrnetrícal grid. Farther

into the trough the structures trend either east-northeast or southeast,

uith the ooutheasterþ trends predotr-inating.

¡l series of thrust, faults strikes paralJ_el to the ¡raÍn south_

easterly f,oLd t¡erd. liovement is east side up and tor,rards the south, and

corrnon\r brings the lower gnei.ss up against, roeks of the rron Foû,ation

series. shear zones, drag fords and dispJ-acement of forüations are cornmon

along t'he Pel€ns a,nd Ûoisie ¡ivers, and the rÍvers probably forlow zones

weakened by faulting.

The Àrchean-Proterozoic contact in the Nor¡.anvil_Ie Area l_ies

cl-ose to the Grenville Front. Àrchean granuì.ite strikes southe¿str.iard

untiL it contacts the rroterozoic gneiss strikíng northeast paralLel to
ùhe contact and dipping away fron it. The contact Ítser.f is not e4)Õsed,

but is pÌobabry an ulconformity nodified by folding and thrusting of the

Froùe¡ozoic rocks torrard the Archean basement. ketamorphism increases

southeastward, and the Grenville Front is aceompanied by a strong negative

gravity anonaly between l¿ke lästassini and Mount í¡Jright.

The area incÌudes some of the largest deposits of eoncentrating

grade iron ore in the region. The eco¿onicarly varuabre oxÍde faoÍes of

the iron forrnation is restricted to a southwest-trending zone containíng

the nea¡-shore deposits of the p¡oterozoíc seê. Typical deposits contain
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only 25ß lo 35'Ã iron, but this is in the form of coarsely crystalline
henatite which is easily eoncentrâ.ted into a high grade product containing

iittie sul,fur, titsn.ium or phosporus.

S¡rn,l1 sulfide deposits containing ÍLinor quantities of eooper,

nickel anri cobelt are associated. with the gabbro sills at Broom and pegna

lakes. Some beds of the upper schists contain as much as 2fl graphite or

þanite. Eskers contain:ing sand and gravel suitable fo¡ construction

mat'eriaL follow Õl-d stream channels in most of the nain valleys.
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Table l-0

AVLRAGE COHFOSITION OF Ci{'JEISêES AND SCH]STS

PLas K-spar Qtz Bio Musc Hnb 9!5 glf pB! Gar Othere

(6) Intermedíate Granulite (NorrranviLle)

45 6 2L lo 6sec 6 h Mean
11 6 3 3 2 5 L üe¿n Dev.

( 5 ) Basic Granulit,e (Norrenville )
35 9 I 6 25 5 opq6 Mean6 3 l+ 6 6 4 opc 2 Mean Dev.

(8) Archean Intrusions (Nornanvil-1e)

34 27 20 6 4 ser 3 MeanI7 2L 9 l+ 3 Ser 2 Mean Dev.
(6) Attered Arehean Gnels s (NornanviLle )

h3 Jh I 3 10 Opq 2 Mean
9 I 2 3 4 opq 2 Mean Den.

(18) Undivided Granulite (cras-Fel"ix)
À8 12 16 t5 2 3 I 6 Aptr lIean
9 L2 ? 10 3 t+ 2 5 MeanDev.

(3)lilelL Seereeated Gneiss ( Noln¡erw:lLle)

39 2 3t W J- 7 6 Carb 2r0pq tr Mean6 2 1ó 4 1 6 2 caru z,oi{ tr Mean Dev. 
,(15) Well Seereeated Biotite Gneiss (Gras-FeUr<)

)+9 6 23 L2 1 1ch1 5 Mean8 7 5 7 1 2 Cht 6 Mean Dev.
(9) ttle . Seereeated Hornblende Gneíss (cras-Felin)

52 19 10 10 I Ap trrsph rr Mean8 I 4 h I Mean Dev.
(81 Poorfy Segresated Gneiss - Be].ow I.F.S. (NornanvllLe l

34 72 2? 15 I 3 Âp trrZr tr ¡{een12 11 7 6 j 2 l.{ean Ðev.
(3ì PoorLy Sesegated Gneiss - Aboì¡e I.F.S. (Nornançille'l

35 9 26 A5 7 I Carb {,Ap 1 MeånL3 4 5 O 3 1 Carb 3 Mean Dev.
(11) Pooriy Segreeated Gneiss - Below I.F.S. ( Gras -FelÍx'l

53 I 2L 18 2 tr Ap,þ,Zrrtr Mean
5 2 5 5 2 Mean Dev.
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Table 10 (øatt¿)

PIas K-Epa,r & Bio Ì&rse Hnb @ E $! Gar OhÌ¡ers

(?l Poorlv Seereeated er¡eLss - Above I.F.$. (Grag-Felix)

I$ 23 16 7 tr 4 ap tr uean
11 12 7 4 2 Mean Dev.

(À) btaote a ghLerite gchist a erit (Ì,¡o¡manl¡i11e )

36 29 L5 L2 Meea
L9 1ó 5 I [eaa Ðevn

(51 Po¡ohvloblastic Schist ( l¡ollnånçLt].e )

3L 5 2ß lg 10 4 åp l- Hes¡¡
10 4 lt 7 l+ 2 Ap 1 li[ean Dev.

(2) Hornhlenale Ge¡het Schtst (Iüomå¡rvïne)

L5 20 I l$ 2 I åp'&r{yrCarb !ûeao
t0 , g t8 2 I l[ean Dev.

(?) Bonrble.nde hrroxer¡€ Ga¡Beü nock - W. of lìÍôi.sie (Gra.s-Felix)

t7 i 3 3s r& * ffï*;ffå", Mee¡¡

1r+ 6 4 19 Lo 7 ops 1 üean Dev.

(rl) Hon¡bleade Pvroxene Geruet Aock - E. of ¡blsie (f'elix)

36 5 L5 2J 1É þropqrfoh Mean
6 2 tj. 21 4 üean Dev.

(1) û¡ar4'z MÍca nva¡dte Sclrist (i{onoanvllle )

3a 20 15 20 . * HrrilË,t¿ Meall

(À) fueÉz uice Ïivaãite schist (ha,s-Fellx)

52 L7 9 t+ H,*'*" 
t' $ea¡¡

4 6 11 2 {y {rera I Mean Devo

(8) hrst'v tleatherirrs Graphitic Scttist (GraE-Fe.Ll:)

146 5 23 18 !r tr 6 Gta 2'Zr Ueaa
7 5 7 4 3 Gra 1 lrfean Ðev.

(I2) üetasoüåtLued Gnelss E. of uoisie (Fe].ix)

t+5 ?3 L8 4 7 tr ." *,".*8, !{ean

6 9 7 3 6 Mea¡Ðerv.
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Teble t1

ÂvEaÅçE couFoôIrrc$ oF IRO$ rOÊì.{ÀEIOt{ SBISS

'8ëz Hen }þg Cum åct OÞ¡É @ Carb l,ia Stilp Oü!¡ers

I3ON FOMAÎION

(8) Oride racþg (Noruånrltle)

ZL 16 
'' 

2 tr Ueen
11 IO 11 2 Sean Dev.

(3 ) ùciae Facies (c'ras-Fe1ix)

65 I8 5 ür tr ür Mt¡ec ueân
1 14, 7 üean Dev.

Gi åaiebtJ.v ueta@orþhosed (.tacksoa Iske) ($o ê)

622oxro6xEean
6 7 O 3 Mean Ðev.

(q) S:.lsht¿v Heta¡or:phosed (Boulder Le&e-Aoachl ($or:4anviL1e\

35 2] 30 3 l+ ûa¡ l{ea¡r
2ø 15 20 3 I üeaa Dev.

(5) Silicate carbon¿te Faciee (Nomå^â\riL1e)

l+5 20 29 x x Uean
20 Lb 23 Mean Dev"

(22) $ilieate earbonatc Facies (Grêg-FetLa.)

34 ó I 33 1I J Grarcar trÍean
26 7 I 22 12 6 lfean Ðev.

(3) Olivi¡e gr¡orene S¡bfâctes (C.ras-FeLl¡)

10 x 23 L7 OIiv SrGar'S Mean
2 1É 14 OIiv 5 t{ean Dev.

auÅarz:[TE

(3 ) $o ¡sa¡rvilte l¡ea
hscrl(yrZr l{eaa

üean Dev.

$ååi|ffi¿*' rean
Biorþrþi Xear¡ Ðev,

92x
IL

(4) eras-re.ux ^êrea
gbxãxxx
3



Tabte 11 (øn¿t¿)

&, Hen &S tl¡BÊ AcÈ OÞx @ 0arb LÍ.4 8tilp tthers

MABETJE

(1) tromançiJle A¡ea

jo 3jO, Lj Mean

(8) Gras-Felix A¡ea

7 5Ql þQ) $ PuLg,Tarc,Eerp üean
9 5 L7 29 üean DEv.

(1)tr*ot¿t"

(2)otopsue



labile 12

ÀVERå&:E COHFûSITIOS OF IG}¡ÐIJs æCTg

Plas ß-spar @ Bio l,h¡sc IInb SE SË þ! Cer Qpg Others

(q) Qaarbz uo¡zonite (NotmsnviLle )

34253L35tr
9Lt+512

(5) Qsêrtu uoazonite (GrarFelix)
x I åprZrrôph Mean

168

Meaa Ðcv.

Hea¡¡
üean Dev.

æ
L8

$
10

5
t

6u5ut3
/+8564

10hÐr.46o31L335
3

372823åx514 10328

365r1 321026 10

ß) Gabbm (s¡omÁnvtllo)

s h 2 4 ¡&fl$å¿" Ìreaa
7 3 L 4 2 ' ' ltean Dev.

(Uì ) Ciabb¡¡o (Gras-Feux)

G) Uetaaabbre l!@hibolite (¡Ioneanvi]-le)

(À) Uotêaabb¡o ¡@híbolite (GÞs-FeIix)

65
I

36 30 27 l+

lJ.37t+

30 tú+ 10 1
L0L3 10r

Mean Dev.

. $tlÊ$ lÍeen
2 Uean Ðev.

Mean
ùfean Ðev.

x 4 ?*,fut' uean
3 3 Mean Devo

(6) Int enseùiaüe nockE (GraE-FeUx)

x 8 7 x 7 6 2 þrZrr&ap ![ean
431

(ó) Granitc ler.lve¿ frcu Gabum (eras-FeU.¡r)

(?) åcidic orthomeiss to@ Gsbb¡o (cras-Fdllx)

2 *Íi' üear¡
I Mean Ðev"

6 z 3(r) 3 r þ1, Mean

I+ 2 z z 7't it 
üea¡¡ Dw.

(*)R""u*t in some seryres.
(r)¡eerr:be À¡site.
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