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ABSTRACT

A total of 114 samples was col-lected from the Bírd Lake and Cat

Lake greenstone belts. Thin sectíons were made from 100 samples ín

order to determíne míneral assemblages and textures. chemical

analyses were done on 25 samples to determíne Èheir bulk composítion

and íËs rel-atíonship Èo Ëhe mineralogy.

Five facies of metamorphísm have been interpreted Ëo be presenË

ín this area:

1. Albite-epídote hornfel_s facíes

2. Hornblende-hornfels facíes

3. Greenschíst facíes

4. AlmandÍne-amphibolíte facies (a. with epídote)

5. Almandíne-amphíbolit,e facíes (b. without epidoËe)

Tacíes one and Ëvlo are products of a fírst períod of thermal meta-

morphísm. A second period of meÈamorphism, dyarno-thermal type,

produced facies three, four and fíve as well as a regional folíatíon

Ëhat ís parall-el to the orígínal beddíng. A rhiïd period of

metamorphism, dynamic type., produced a poorly developed secondary

foliation and shears along whích chl-oríte formed.

A gradíent of íntensiËy of deformatíon exists ín thís area.

RecrystalLization vüas greatest ín the easË and quartà-mica schisËs

were developed" In the r¿est the foliation ís noË well developed and

the rocks have retaíned many of Ëheir original sedimentary feaËures.
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CHAPTER I

INTRODUCTION

The scope of thís r¡ork ís to study the metamorphÍsm of the

Bird Lake and Cat Lake greenstone belts ín the area shown in Fígure 1.

Also, ít ís the aim of the auÈhor to relate Lhe metamorphism to the

period of granitic intrusion and regíonal tectonism"

Due Ëo the 1-arge area under study the amount of fíeld mappíng

was límited. A total of 73 samples was col-lecËed from the Bird Lake

greenstone belt (see Sample Locatíon Map, ín pocket). Samplíng was

done along Ëhe stríke of this belt and along traverses across the

strike in order to determíne meËamorphíc varÍaÈions in both dírectíons.

Samplíng ín the Cat Lake extensíon of the Bírd Lake greenstone

belt, was resËrícted to four l-ocalities, T,ì/here 39 samples \¡¡ere

coll-ected (see Sample Locat,íon Map, ín pocket) .

PREVIOUS 'TORK

Geological ínvesËigat,ions of the Cat Lake=I^iínnípeg River area

have been made from l-912 when E. S. Moore of the Geological Survey

of Canada fÍrst made a reconnaissânce survey of the water routes.

In 1920, H. C. Cooke mapped a smal-l area in Èhe vicínity of Bírd

Lake. Between L922 and L929 t,Jne area around Bírd Rlver Tras surveyed

by J. F. IalrÍght and many of the pegrnatíËe deposiËs in this area \¡Iere

díscovered. In l-948-1949, G. D. Sprínger of the ManÍtoba Mínes

1.
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Branch mapped the area between Maskr^la Lake and the T{innipeg Ríver.

The area between latitudes S0o Z5 | and 50o 3O' and longítudes

95o l-Ot and g5o 45'\,ras mapped by J. F. DavÍes of the Manítoba

Mines Branch (f951, L954, and 1955)

K. Dwíbedí of the Uníversity of Manítoba sampled along the

road between Bird Lake and ülerner Lake. He found sillímanite

occurríng 1n the rocks ín Ëhe vícíníty of Ï,lerner Lake. His work

provided a basís for Ëhis present sËudy.
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CHÄPTER II

REGTONAL GEOLOGY

The regíonal geology of thís area ís shown Ín Figure 2. All

consolídated rocks in Ëhís area are Precanbrían (Archean) fn age

(Davíes, L952>. The oldesË rocks are a volcanic-sedirhentary sequence

comprísíng the Ríce Lake Group. These rocksìoutcroP ín an east-west

trending bel-t along the Bird River and Bird Lake. A narro¡^rer belt

splíts off and extends norËhwesËerly from Tulabi Lake Èo Cat Lake.

Rocks comprisíng the Rice Lake Group are andesite, basalt,

greywacke, arkose, quarËzite and conglomerate. These rocks have

undergone varíous degrees of metamorphism as descríbed ín Chapter III.

Intrusive ínto the Rice Lake Group ís the Bird Ríver Sil-l. Thís

is a layered, sill-like body of hornblende-gabbro, perídotite and

minor pyroxenite. The apparent width of the sí11- varies from 500 feeË

to 3500 feet and Ëhe peridotlte forms the l-ower one-quarter to one-

half of the sill (Springer, 1950).

Davíes (L952), be1-ieves Èhat the idea of a síngl-e sill- ís

erroneous. Thís ís substantíated by Lhe fact that he has been able

Ëo trace out several- sill-líke bodies in the !üest-cenËral part of

the area

The area between the greensËone belts aË Bird Lake and Cat Lake

ís underlaín by granitic rocks. Granític rocks also occur Ëo the

norÈh and south of Ëhese two greenstone bel-ts. The granítíc rocks

4.
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ínclude graniter Brey bíotíte granite, quat[z diorite, oligoclase

graníËe, microcl-íne graníte and pegmatíte. All graniËÍc types are

probably successíve phases of the same períod of igneous actívity.

Davies (1952), bel-íeves Ëhat Ëhere lras no greaË ínterval of time

between different íntrusions.

Detaíl-ed descriptíons for the rock types are gíven in Appendix I.

Both piJ-loÌs lavas and strucÈural features ín the sedímentary

rocks have been used to deËermine the strucËure of this area. The

major strucÈural feature ís a synform-antíform pair of fol-ds. Thís

major fold sÈrucËure has a souËh-easteTly plunge. In the I,7esËern parL

of the area, the rocks norËh of Ëhe Bírd River constituËe th'e southern

líurb of the antiform. The northern límb of thÍs fol-d is located ín

the belt of rocks extendíng from Tul-abi Lake to Cat Lake. The

synform is restrícËed to the southeïn greenstone belt. In the east

thís synform ls ouËlined by a conglomerate horizon but ín the west the

location of this fold is noË precisely known. Both of these folds

extend in a northwesterly-souËheasterly directíon across the sËudy area,

Smaller scale synform-antíform pairs of ísoclinal folds occur

ín the eastern area. Intraformational folds and smal-l scale drag folds

are pr.esent ln .Ëhe. central area.

An east:west trending faulË in the souËh-central part of the area

rnarks the contacË between the granite and sedimentary rocks and the

contacË between the Bírd Rí-ver SíLl- and the sedimentary rocks. Thís

faulÈ post-dates Ëhe graniÈe. Evidence supporting this ínterpretatlon

ís that a cataclasËíc texture cân be seen ín the granite r¿here it

abuts against the fault

6.



Later, north-south trending faults cuÈ Ëhe easÈ-wesË

beddíng and the regíonal foliaÈíon of the greenstone belts.

faul-ts have displaced diabase dykes in Ëhe granÍtíc rocks.

these faults occur in Ëhe granite a caËaclastíc texture is

fault,

These

l^lhere

present.

7"



,C-HAPTER IIT

METAMORPHIC PETROLOGY

Sequence of Metamorphic Events:

In Ëhe Bírd Lake and Cat Lake greenstone. belts there are changes

in textures-, míneral assembl-ages and graín síze from r,rest to east.

There are very fíne-grained meËagreywackes in the üIestern and central

areas, which conÈínue ínto fine to medíum-graíned, quarÈz-míca schists

and gneisses ín the easËern area. In the r,,restern and central areas

oríginal bedding is sttll preserved. Further easturard Ëhere ís a

general íncrease ín schisËosíty, and graín size, and bedding Ís

almost totally absent. Local-ly, aË or near the ManiLoba-Ontarío

boundary a gneissosity is presenË.

In Ëhese metasedimentary and metavol-caníe rocks, Ëhe mlneral

assemblages can be ínterpreted to have developed ínto fíve facíes of

metamorphism, viz:

1. Albíte-epídote hornfels facíes

2. Hornblende-hornfels facíes

3. GreenschisË facíes

4. Almandíne-amphtbolíte facles (a: with epidote)

5. Afunandíne-amphibolite facies (b: wíthout epídote)

An initial períod of Ëhermal metamorphísm (TMl), produced

facies one and Èwo. The second períod of meËamorphísm, whích was

dynano-Ëhermal meËamorphism (DMr), produced facies Èhree, four, and

B.



five. Another period of dynamic metamorphísm (DM3), produced a weak

secondary foliatíon, deformation of Èhe reglonal foliaËíon, cross-

shearing and resulted in the growth of chl-oríte, vrÍËh or wíthout

serícite, along the shears.

These conclusíons are based on the interpretation of mineral

and textural arrangements and their Sequence of devel-opement

Porphyroblasts of garnete cordieríte and plagíoclase have been

rolled, sheared and fracËured during the second period of

metamorphisin (DM2). The third period of meËamorphísm (DM3), ís

represented by a poorly developed secondary, almost norfh-south

folíatíon and a set of shears and faults thaÈ cut Ëhe regíonal

east-llesL foliaËíon.

PegmatÍte bodies in thís area are genetícally related to the

larger granít,Íc pluËons (Davíes, l-955 , ir956 and I'fríght, 1963) . These

pegmaËite bodies which represent a late sÈage crystallízatíron of

these granítÍc plutons or a post graníte stage of ígneous activiËy

have íntruded the meËasedímentary and metavol-caníc rocks in thís

area. These pegmatite bodies have been sheared, faulted (Fígure 3),

shear-folded (Fígure 4), ånd oËherwíse deformed" Ìrlhere pegmatiËe

veínlets are parall-el to the orÍginal bedding, boudínage sËructure

(Figure 5), ís present. In the vicíníty of graníËe plutons a

foliation ís presenË ín the granitic ínjecLíons in the meËasedímentary

rocks. These granític ínjecËions have undergone reËrograde

metamorphism as the pl-agíoclase has been partially altered to

sericite, ch1-oríte and calciËe. It can be concl-uded that these

granit.ic rocks were inËruded ínËo the metasedímentary and metavolcanic

rocks príor to the second period of metamorphísm (DM2), and have been

o







deformed by ít.

I,fhere

been

Díabase dykes intrude both the graníte and meËasedimentary rocks.

Ëhese dykes are presenË ín Ëhe metasedlmentary rocks Ëhey have

sheared, faulted and folded.

The first períod of metamorphism

metamorphísm. Duríng this períod porphyroblasts of albíte, cordíeríÈe

and garnet $7ere formed. These albíte, cordieríte and garnet

porphyroblasËs commonly have rolled structures. I^Ihere Èhey have

been fractured , quar1z, chlorit e andfot serícíte have grown

PorphyroblasÈs of cordíeriËe are subrounded ín shape. These

porphyroblasts conËain Ínclusíons of quarË2, bíoEíËe, chlorite and

magneÈíte. Occasíonall-y the magnetite inclusions form distínct

zones tn the cordíeríte porphyroblasts. These magneËiËe zones in

the cordierite porphyroblasËs have no helicit.íc structure whereas

the magnetíËe in the matríx does have a hel-icític strucËure

(Figure 6). The cordíeríte porphyroblasts were formed prior to the

deformatíon períod.

At Cat Lake, porphyroblasts of a1bíte have been rotated and

sheared (Figure 7). Às a result of this l-ater shearing, twín

lamell-ae have been displaced and quaÍtz lnas groTrn along Èhe shear.

Garnet porphyroblasts aË Tulabí Lake have been fractured.

These fracLureb are parall-el- to the regional foliation. Chloríte

has grown in the matríx and through these fractures (Figure 8).

(TMl), r^ras essentÍall-y thermal

L2,

Èype. This produced a regional foliation (strike, azímuËh 85o-1050)

paral-lel to Ëhe origínal- beddíng in the sedímentary rocks and Ëhe

The second períod of metamorphísm (DM2) htas a dynamo-thermal







origlnal layering in the volcaníc rocks. DynamicimeÈamorphfc effects

\¡rere greatest ín Ëhe eastern regÍcin, where quarLz-míca and hornblende

schísts were developed (Figure 9), In conÈrast, in the ratestern

and central regíons of Ëhís area these dynamÍc-metamorphic effects

were mínímaL and relíct beddíng ís stíl-l- preserved (Fígure 10). A1-so,

where Ëhe volcaníc rocks have been protected, pillow structures

have not been deformed or fol-iaEed and there has been no recrysËalli-

zatíon of these pí1-low sËructures.

Al-ong the Bírd Ríver in Ëhe \¡Iestern region there has been 1o\,7

grade catacLastic deformatíon (DM2). The plagiocl-ase stil-l retaíns a

zonaL appearance (FÍgure lt). There Ís some mortar structure and

some rotation of the larger plagíoclase crysËals.

In the central area of. the Bírd Lake greenstone bel-t and aL the

\,resËern end of the Cat Lake greenstoïre belt thÍs second period of

met,amorphÍsm has been one of retrograde meËamorphÍsm. North of

Bernic Lake there ís the retrograde reactíon of cordieríte Ëo seríciËe

and magnetite (FÍgure 12). Turner and Verhoogen (l-960, P.591-),

poinE out, that whíËe mica, pseudomorphÍc after cordÍeriterís

índicatíve of a períod of thermal- metamorphísm precedíng hydrothermal

or regional metamorphísm. At Ëhe second Bird River Brídge (l-ocated

approximateLy 2 míles west of Bírd Lake) chloríte has formed along

fractures 1n the cordieríte porphyroblasts (Fígure 1-3). The retrograde

formatíon of chl-oríËe from bíoËÍte is rare in this area.

15.

planes and fracËures

the central area ís

calcite. This ís ín

At Cat Lake there is the format,íon of chl-oriËe along Ëwín

ln the albite porphyroblasts. PlagÍoclase in

more commonly a1-Èered to sericíte, epidote and

conËrasË Ëo Èhe p1-agíoclase easÈ of Bírd Lake











where it is free of alËeratÍon except in the vícinity of granite

conËacts.

In the eastern region, dynamíc-meLamorphíc effecËs \^7ere more

ínLense. TexËures and mínerals formed during the period of therrnal

metamorphism (TM1) are almost enËírel-y destroyed by recrystalLizaËion

and Èhe developmenË of the regional folíaÈÍon. 0n1y Ín a few places

ís there any relíct beddíng pïesent (Fígure 14). In a few places a

gneíssíc strucËure has been developed in Èhe sedimentary rocks'near

Ëhe eastern boundary of Ëhe area.

Hornblende in Ëhe eastern regíon ís mainly poikil-oblastíc

(Fígure 15), as compared to a bladed or fíbrous appearance ín the

central and western regions. Crystals of hornblende are euhedral

to subhedral- ín the easÈern region as compared to the subhedral to

anhedral nature of hornbl-ende crystal-s in the wesËern and central

regions. Hornbl-ende ín the easËern regíon has a preferred

oríentatíon that Ís parallel Ëo the regíonal- fol-iatíon.

At the Manítoba-Ontario boundary, Ëhe eastern boundary of the

area, bíotíte has parËf-ally reacËed Ëo form hornblende. The excess

tiËanium ín Ëhe bioËíte has gone ínto Ëhe formatíon of sphene. tr{here

chloríte ís presenË iË is ín a stage of reaction to biotíte.

Foll-owíng this dynamo-thermal metamorphísm (DM2) ' \^7here

chemical condítíons hTere favourable, anthophylltte formed. Thís is

a late stage mineral, as ít cuts across the regíona1- foliatíon and

previously formed cordíerite porphyroblasts (Fígure 16).

The third períod of meËamorphísm (DM3) r^las a dynamíc-

metamorphíc type and occurred ín only restricted 1ocalíties. The

major norËh-south faulËs, T^rest of Bird Lake, were formed during thís
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períod of metamorphísm. At locations 5B68- (89, 49, Bl) ' a \'reak

secondary fol-íation was produced ín the meËasedimentary rocks ' The

second deformatíonal period has produced a secondary foliatíon '

v¡hich has a north-south oríentaÈíon or has caused a kínking of the -

regional foliatíon (rígure 17). Thís períod of metamorphísm vras '

probably accompaníed by a high PH,o, enabllng chloríte, wíËh or wíthout
'"2"

serícíte, to form along the shears.

Facíes of MetamorPhísm:

The five facíes of metamorphism shown ín Fl-gure 18, were defíned

from the mineral assernblages ÈhaË aPPear to represent the culmínatíon

(in terms of temperature) , of all meEamorphic events '

A1-bite-epidoËe Hornfels Facíes:

The metasedimentary and meËavolcanic rocks at cat Lake (samp1-es

4 to 9, Sample Locatíon Map), have undergone albíte-epídoËe hornfel-s

facíes metamorphism (as defÍned by Turner and Verhoogeri' 1960, p' 5f0)'

Mineral assernbl-ages are listed ín Table 1.. The albíts (Ant) and

cordíeríte are presenË as subhedral and anhedral- porphyroblasËs

respecËivelY "

ThemíneralassemblagesareshownínFlgure19.Onlyone

sample sB6B-7, is plotted on the basís of a chemlcal analysis (see

Appendix II).

Thls facíes of metamorphism has been overprínËed but noË

obliterated by two later períods of metamorphísrn (oM, and DM3).

They have produced two folíation that have been superimposed on the

hornfels texture. The maín or regional folíatíon (sËrike,

23.







Table 1: Míneral assembl-ages of

Sample Number

MeËavolcanic Rocks:

5868- (L, 2>

S86B-3

MetasedimenÈary Rocks :

samples SB68-(1-9), CaL Lake.

586B- (4,

sB6B- (5,

s868-6

SB6B-7

26.

Míneral Assernblage

QuarËz-hornb lende-p1-agÍo clas e-b io tí te

Quar L z-hornb lende-p1 agío c 1 as e-sphene

B)
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Quart z-b ío tí Ëe-mus coví te- chlorite

Quart z-b ío Ëí te- alb ite- chloriËe-mus covíte

Quartz-b io ËíËe-mus covíte- cordierite

Quar t z-b io Ë í Èe-mus coví te- chlorí te-
albíte-ePído te- calcite



Muscovile

Epidote

11

Co lc ite

Figure 19:

c

o

Point plotted

Points Plotted

ACF díagram for

Cordierite

on basis of chemícal

on basís of mineral

the albite-ePídotê

Tremolite

anal.y s í s

ass emb lages

hornfels facies.



azimuth 1200) is the result of shearíng

bedding at an angle of approxlmately 30o

in Ëhe partial granulatíon of the albite

foliaËíon produced by this shearing also

(Localíty 5868-6) thaË are present ín Ëhe

A diabase dyke presenË in this area has been shear folded.

Essentially a1-1 of Ëhe diabase dykes ín the area are post graníte, so

ít is probable that thís shearing occurred after Ëhe intrusíon of the

graniËe and is a secondary feaÈure which has been supterirnposed on

these rocks afËer the main period of thermal metamorphism.

The secondary fotiaËíon occurs aË almost 90o to the regional

foliaËion and is Ëhe north-south dírectíon of deformaËion, Ínterpreted

as the resulË of DMr. It is noË v¡ell devel-oped, but where ít is

presenË it has caused Ëhe bending of the regíonal foliatíon.

Hornblende-hornfels Facies :

The metasedimentary rocks aË Euclíd Lake and the second Bírd

Ríver Brídge are assigned to Ëhe hornblende-hornfel-s facíes (as

defíned by Turner and Verhoogen, 1960, p. 5ff)" Míneral- assembl-ages

are lísted in Tabl-e 2, and plotted on the ACF diagram for the

hornblende-hornfels facíes (Fígure 20). Four samples are plotted on

the basis of bulk chemical analyses (Appendíx IT). Two of the samples

(s868-12 and l-8), from Euclid Lake fal-1 inËo the three phase field

índicatíng :Ëhatr cordíeri.te;' ollsbclåse :and muscoúíte are. ín

equÍllbríum. The third sampl-e (sB6B-1r), is an anthophyllite rock,

rich ín Mgo (see Appendíx II). One sample (5B68-86), from the second

Bird River Bridge falls into the three phase fietd índícating thaÈ

cordieríÈe, olígoclase and anËhophyl-l1te are ín equilíbríum. The

and crosses the origÍnal

. Thís shearing has resul-Ëed

porphyroblasts. The

cuÈs Èhrough quartz stríngers

metasedímentary rocks "

28.



Table 2: Mineral assemblages at EucLid Lake, 5868-(10-18) and Ín the

hornblende-hornfel-s area aË the second Bírd River Brídge,

586B-(40-45 and 85-87). Mfnerals in parentheses are

retrograde mÍnerals or mínerals that have formed during DMr.

Sample Number

sB6B-10

S86B-11

sB68-12

sB6B-l_3

SB6B-14

sB68-15

SB6B-16

sB68-1_B

sB68- (40, 43)

sB68-41

5B68_42

SB6B_44

SB6B-86

SB6B-87

Mineral- Assemblage

QuarËz-bio ËíËe-plagío clase=chl-orí Ëe-
cordíerite

Anthophylli te-quar t z*p 1agío cl as e-b io ti te

Quartz-bioËíte-plagio c1-as e- cordíerlte

Quart z-b io tÍte-plagíoclase-cordieríte-
(chl-orlte)

Quartz-b iotl te-plagío clase-mus coví te-
cordierí te- (ch1-oríte)

Quart Z-mus coví te-b ío t í t e-hornb lende-
chloríte

Quart z-b ío t I Ëe- cordierí te-p J-agío clas e-
mus coví Èe- (chlorite) - (sí1-límaníte)

Quartz-b ío Ë í Èe-plagio clas e-cordieríte-
museovite- (ch1oríte)

Quartz-bío títe-plagio c1-ase-díopside-
epldote-calcite

Quar t z -b í o t Í t e-h o rnb lende- ca1- c í t,e-ep í do t e

Quartz-bio ¡1 ¡s-plagío c1-ase- chlorite

Diop s ide- cal ci te-q uar Ez-pL agío cl as e

Quart z-b ío Ë Í t e- cord í erí t, e- an Èh ophyl 1 i t e -
mus covi te- ( chlorí te) fgarnet

Quartz-b ío Ëíte-cordierí Ëe-anthophyllí te-
(chl-oríte)

to
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s.econd sample (S868-43) , f all-s ínto the three phase field indicating

Èhat coïdierite, olfgoclase and muscovíte are ín equllibriun.

sillímanite is restricted to a single locality (s868-l-6) ' at

Euclíd Lake. This sillimanÍte has a felty or fibrous, mícroliËic

appearance (Figure 21-). It is restricted to the more highl-y sheared

zones in the rocks. Thís sillímaníte formed during the second períod

of metamorphism (DM2), and aPpears to have formed from cordierite

and bíotíte. Also, there is a symplectíc íntergrowth of quattz and

feldspar along the shears ín the rock.

Diopsíde is present at the second Bírd Ríver Bridge. At thís

location díopside al-ong wíth cal-clte fsrms a dísËinct layer in Ëhe

metasedímenÈary rocks. This layer ís approxímaËely two feet wíde and

ís composed of coarse-grained diopsíde and calcíte. Interstitíal

quartz and plagloclase are al-so pïesent' The assernblage díopside-

calcite-quartz-plagioclase is characterísLic of the hornblende-

hornfels facies (Ir]ínkler, 1965). A cordieríte-anthophylliËe

assembl-age is also presenË but occurs approximaËely 500 feet south of

the diopside zone.

chl-oriËe ín samples sB68-16, 86, 87, 42, ís retrograde afËer

bÍotite or cordíeríte.

A discussíon of the occurence of garne¡ ín the hornblende-

hornfels facies is given l-ater;

Fígure 22 is a Thompson diagram for the hOrnblende-hornfels

facíes. The bulk composíÈions (see Appendix II) , fall ínto three

fields on this dÍagram. The three phases thaË are Present are

31.
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andalusite, cordíerite and bíotite" All three phases or combínaËions

of these phases except a biotite-andal-usÍte assemblage may be present

ín these rocks. Sil-limaníte occurs ín p1-ace of andal-usíte.

GreenschisÈ Facies:

Metasedímentary rocks Ín the central- and western regÍons of the

Bird Lake greenstone belt have undergone upper greenschísË facíes

meËamorphism (Turner and verhoogen, 1960, p. 533). Ifíneral assemblages

are listed in Table 3, and plotted ín Figure 23.

In these rocks relíct bedding is well preserved. The regíonal

foliation, formed duríng Ëhe metamorphíc períod, DMz, is due Ëo ari

al-ígnment of bíotíÈe and/or chloríEe. In some areas Èhe chlorite

appears to be almosË porphyroblastic (Locality BE-l-l-l).

I,{here cordieríte porphyrobl-asts are presenL they have been al-most

completely alÈered to sericÍte and magnetite (Locality BE-2-4A) 
"

In the volcaníc rocks west of Bernic Lake chloríÈe is

pseudomorphíe afÈer hornblende.

The thírd period of metamorphÍsm (DM3), l-s represenÈed mainly

by shears that cut across the regional folíation and relíct beddíng.

chl-orite, wiÈh or without sericíte, has gror¡rn along Ëhese shears.

ALmandÍne-amphíbolite facies (a: wiËh epídote) :

MetasedimenËary rocks south-east of Euclíd Lake and south and

east of Blrd Lake have undergone almandine-amphiboíte facíes metamor-

phísm (as defined by Turner and Verhoogen, 1-960, p. 546). Míneral

assemblages are lísËed in Table 4 and plotted ín Figure 24.

In thls area epÍdote occurs as disËinct crysËals as parË of the

equilibrium, metamorphic assemblage and is not an alÈerat,íon producË

34"



Table 3: Mineral assembl-ages along.Èhe central- and r¡restern parts of

the Bird River, SB68-(99-104) and BE-l--11, BE-6-10, BE-2-4A,

and BE-B-II, and BE-7-5.

Sample Number

BE-1_-11

BE-6-10

BE-7-5

BE-2-4A

BE-B_11

SB6 B-9 9

sB6B-l-00

sB68-101_

sB68-102

sB6B-103

sB6B-104

MÍneral Assemblage

QuarËz-b io tí te- chloríte-mus covi te-
tremo 1í te-p1-agío c1ás e

Quar tz-b ío títe-mus covíte

Quart z-b Ío ti t e-hornb lende-mus coví te-
chloríte-epido te- calcite

Quart z-b.io ti te- chlo rÍ Ëe- cordíerí te-
-s,erlcÍte

Quartz-b ío Ëí Ëe-garnet-epídote

Quart z-b io t í t à-hornb l-ende-plagio clas e

Quar t z-b ío Ë í t e-ho rnb lende-pLagio c1 as et
chlorite

Quart z-b ÍotlËe-mus covite-p1-agío clas e

Quar Ë z-b ío ti te- chl-ori te-mus covi te

Quartz-b io Ëíte-hornb l-ende-plagioclase-
cal-cíËe

Quar t z-b ío t i te-ho rnb lende-p1-agío cl ase-
chlorite

35.
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Table 4: Mineral assemblages easÈ, souËh-easË and norËh of BÍrd Lake.

(Minerals in parenteses are retrograde minerals or relict

minerals. )

Sampl-e Number

SB6B-20

sB68-22

S86B-2 3

sB68-(25, 73)

sB6 8-26

sB68-27

sB68-(30,31)

SB6B-32

sB6B-(33,59)

sB6B-(34,35)

SB6B-36

sB68-(37,7B)

S86B-38

sB6B- (46, 47 ,
63, 64, 70)

SB6B-48

Míneral- Assemblage

Quar t z-b io tí t e-hornb lende-p 1-agio clas e

Quart z-b io tite-p1-agioclase- ( chlori te)

Quart z-b ío tíÈe-plagio clas e- garnet- ( chloríte)

Quartz-bio Èíte

Quar t z -b io t i te -ho rnb 1 endetplagÍo cXás étep i do t e

Quart z-b ío t i t e-hornb 1-ende*p 1- agío clas e

Quart z-b ío tí te-hornb 1-ende-p1-agio clas e-
mí crocline-epídote

Quartz-b io ËÍ te-mus covÍ Ëe-plagíoclase-epidoÈe

Quartz-b ío tite-hornb lende-plagio clas e-
orÈhocl-asetepidote

Quart z-bíotite-p1agioclase

Quar Ë z -b i o t i t e-ho rnb 1 end e-p 1 agí o cl as e- garne t

Quartz-b ío Ëíte-hornb lende-plagío cI-as e-garnet*
( chloríte)

Quart z-b ioËíte-plagío clas e-garnet- ( chloríte)

Quar tz-b ío tí Èe-hornb lende-plagío clas e

Quartz-bio ti Èe-hornb 1-ende-garne t- cal cíte-
(chlorite)

Quar t z-b ío t í t e-ho rnb 1- ende-p 1 a gí o c I as etep i do t et
calcitet (chloríte)

Quar t z-b ío t i t e-ho rnb 1 ende -p 1 agí o c 1 as e- s phene-
calcíte-epidote

Quartz-b io tíÈe-p1-agio clase-epido te-orËho clas et
hornb l-ende- ( chlorí te )
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Table 4:

sB68-61

sB6B-65

sB68- (66,

S86B-71A

sB68-718

Contínued

77)

Quartz-b io ËiËe-p1-agio clase-epídote

Quart z-bio tiË e-plagío c1-as e-hornb lende-diops íde-
epidote

Quar Ë z-b i o Ë í t e-hornb lende- Ëremo 1 Í t, e

Quar t z -b io t i t e-p 1- a gío o 1 as e- g arne t- o r th o cl as e

Quar È z-hornb l-ende-p lagio c1-as e- gâTne t-epido te-
mícroclíne

Quar Ë z-b ío Ë i te-hornb lende

Quartz-b io títe-pLagío c1-as e- ( chlorí te)

Quartz-b iotite-p1-agío c1-ase-orËho clase- ( cordíerÍ Ëe)

Quart z-b ío tite-plagio clase-mus covite

sB6B-74

sB6B- (72, 79)

sB68-80

sB6B- (82, 90, 92,
eB)
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of plagioclase (Figure 25).

Díopsíde is present in l-enses ín the quarËz-mLca schísts east of

Bird Lake (Figures 26 and 27). It is in Ëhe form of anhedral crystal-s

and is fíne-grained. The presence of díopside ís índicaÈive of -

relaËivel-y hígh grades of metamorphisru. According to l,rlinkler (l-965) ,

diopsíde does not occur ín rocks of Ëhe greenschist facies of regíonal

metamorphism. In Ëhe eastern regíon, rocks contaíníng díopside belong

to the al-mandine-arnphíbolíLe facies of regíonal- metamorphism"

Flagioclase, ín the easËern region, occurs as subhedral- to

euhedral- crystals Ëhat are essential-ly free of ínclusions'and

alteration ís slíght. The most pronounced alteratíon of plagiocl.ase

occurs near the granitic pluËons. AlËeraËíon products consisË of

epídoÈe, calcite, serícíte and chloríÈe.

The anorthíte contents of the plagíoclase occurring ín the

rocks assígned Ëo the almandine-amphÍbolíte facies åre gíven in

Table 5 "

The anorÈhiËe conËenË of p1-agíocl-ase has been used by a number

of authors as a críteríum for deternríning the boundary beËween the

greenschist and almandine-amphiboliÈe facíes of regíonal meËamorphísm.

Turner and Verhoogen (1960), defíne the greenschísË facíes as havíng

an anorÈhite contenÈ of less than 7%.

and higher facíes of regÍonal metamorphisrn have an anorthiËe conËent

greater t1nan L5%. de'l{aard (l-959), uses An-.^ as the boundary between
10

the greenschist facíes and Ëhe almandine-amphibol-íte facíes. He was

able to determíne that the ínterval between An, ttd h20 occurs

abruptly and occupies a narïo.t^r zone ín the fíeld. Based on the

anorthite contenËs of the plagioclase in the area south-easË of

The almandíne-amphíbolíte facíes







Table 5: Anorthite content of

south-easË and norÈh

Michel-Levy rnethod. )

Sample Number

SB6B-23

s868-28

sB6B-36

SB6B-35

sB68-33

SB6B-38

sB68-65

sB68-83

sB6 8- 82

s86B-59

sB68-58

sB6B-54

sB68-57

Èhe pJ-agioclase

of BÍrd Lake.

Ín the area east,

(determined by the

43.
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Euclid and Bfrd Lakes, these rocks have been metamorphosed under

almandine-arnphíbo1íte facÍes metamorphísrn.

BíoÈíte ín the eastern regíon ís reddísh-brown to brown ín

coLour and ís generally coarser-graíned than the biotite ín the central

and wesÈern regions. The darker shades of bíotíte are belíeved to

be Èhe result of a hígher títaníum contenÈ. Deer, Howíe, and Zussman

(l-966), state Ëhat Ëhere is a general increase in Tí and Mg content

of biotítes wíËh íncreasing grade of metamorphísm.

Refractive índices of the biotiÈe ín the eastern sector are

generally hígher Ëhan Èhose in the vresÈ. Okí (f961), reports that

there have been observations of increased refractíve index with

increasíng grade of metamorphism. A1-so, Hashimoto (L962), TeporËs

that there may be an íncrease ín refractíve índex wíth increasíno

TIO^content of the bíotÍte. The hígher refracËíve índíces in Lhe
¿

east are probably Ëhe result of cornbínatíon of an increased TiO,

content and increase in the grade of metamorphísm.

Rel-íct porphyroblasts of cordieríte are presenË at t¡¡o 1ocal-

Ítíes (Localíty 5868-80 and norËh of Rush Lake). At the Rush Lake

locality these cordíeríÈe porphyroblasËs are cut by Èhe regional-

folíaËíon.

The regional folíation that formed during DM, ís best developed

ín the area easË of Bird Lake. Relíct beddíng is almost totally

absent. Both biotíte and hornblende have a strong alignment and are

44.
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Alrnandine-arnphibolite Facies (b: wíËhouÈ epidote) :

The volcaníc rocks in the souËh-easËeïn portíon of the Bird

Lake greenst,one bel-Ë are assigned to the almandine=amphíbo1-Íte facies

of regional- meËamorphísm (Turner and Verhoogen, 1960). These rocks,

in part, have recryst,alLized ínto urell--líneated, hornblende-

plagioclase sehfsts. Míneratr assemblages are l-lsted in Tabl-e 6.

ïhese rocks have a metamorphic facies símilar to the almandíne-

arnphíbolíte facies (wíth epídoËe), excepË that no epídote was'

observed.

Occurrence of Cordieríte, Anthophyllíte and Garnet:

Cordierite forms r¡nder thermal-, lo\n/ pressure conditions (Deer,

Howie and Zussman, 1966). It is most commonly for:nd in thermal-1-y

metamorphosed areas and ín regions of high grade meÈamorphism where

pressure condíËions \¡tere abnormal-.' In Ëhese regions it is usually

assocÍated with sÍI1ímanite.

HypotheticaL stabí1íËy fields (Turner, 1968), índícate that

cordíeríte forms ín a temperatuïe range from 450oC. to the temperature

of rock fusion under low pressure condítíons. Cordíeríte, at "'

pressures above 5 kilobars becomes unsËable and the magnesíum ís

accomodat,ed ín biotíte and al-mandine.

I^lynne-Edwards and Hay (1963) , and l{inkler (l-965) , suggest that

cordieríte ín regíona1-ly metamorphosed terraíns forms in líme-poor

rocks (less than l-% CaO). These rocks are raïe in Precambrian areas.

Rocks ín the Bird Lake area, in whích cordíeriËe appears, do not have

a 1ow lime content.

CordíeríÈe ís found ín resËricted localíÈíes at Eucl-íd Lake and

4s.



Table 6: Mineral assemblages along the south-eastern edge of the

Bírd Lake greenstone bel-t.

Localíty

BE-B-2

Berníc Lake
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ín Ëhe central and eastern regíons of the southern greenstone belt.

The cordieríte is present as grey, to bluísh-grey, ovoíd porphyroblasËs

in the metagreyl,rtacke. These porphyroblasts range ín size from 5 to 15

millímeËer. In thin section Ëhese porphyroblasÈs have an irregular

ouËline. They are intwÍnned. fnclusions of quartz, bíotitet

magnetite, chloríte and muscovite occur ín Lhese porphyroblasts" À

feature of these cordíeríte porphyroblasËs is that they have been

rolled but inclusíons ín the porphyroblasts do not have any he1ícíÈíc

structure.

Although some occurrences of cordieriËe are near granít.íc bodíes,

there are oËher occurrences of cordíeríËe fat removed from any

graniËic body. Contact metamorphísm of local extent cannot expl-aín

the occurrence of cordieríte" All- rocks in whích cordíerit.e ís

present have undergone some later dynamo-thermal meËamorphísm.

Anthophyll-ite occurs at two localitíes (5B68-1-I- and 5B68-86, 87>

and is assocíaËed with cordÍerite, with or r¿ithout garnet.

Accordíng to Lal and Moorhouse (1969), three factors control the

47.

appearance of anthophyllite in metamorphic rocks. These are:

1. Low KrO, CaO, and NarO content.

2. FeO/MgO * FeO ratio must be such that the compositíon falls

in Èhe anÈhophyllite=garnet-cordieríte fíêld in the AFM

díagram.

41203- (Na2o + 2Ca0)

Anthophyl-lite-bearíng rocks at the second Bird River BrÍdge

locatíon do not have a low I(r0, CaO, and NarO content. The FeO/MgO +

FeO raËio is such that Èhe composítíon does not fall in the antho- .

3. FeO*MeO*MnO



phyllÍte-garnet-coríeríËe fíeld in Èhe AFM diagram (Fígure 2B).

However, the val-ue of the third factor is greater than one. Therefore,

an abundance of FeO and MgO Ís probably Ëhe conËroJ-ling facËor' l

providing pïessuTe-temperåture condíËíons are favourable, for the

growth of anthophyll-ite

Ànthophyllíte occurs ín pods or argLl1-aceous uniËs wíthín

Ëhe meÈagreywacke. It is light to dark brown in colour and has a

radiating or rrstar burst" paËËern. Indívidual crystals range ín length

from less than 5 mill-ímeËers Ëo greater than l-0 míl-limeters ín 1-ength

(¡'ígure 29).

In al-l- instances anthophyl-1-ite crystals cross the regíonal-

foliatíon. A similaï paÈËern is reporEed to occur ín the I,{ollaston

Lake Fold Belt (Money, 1968). Since the anthophylliÈe cuËs across

cordierit,e porphyroblasËs and also crosses the regional folíatíon,

íË is interpreted Ëo have grown.after the period of dynarno-thermal

metamorphísm.

Fyfe (L962), sËudíed rhe stabll-1Ëy fíel-ds of talc, anËhophyl1-íte

and enstatiËe. He found thaË at a Ëempeïature or l6OoC. there r¿as

a conversíon of tal-c Ëo anthophyl-líte and of enstatiËe to antho-

phyllíte ín Ëhe presence of water. Also, he belíeves Èhát the upper

sËabil-iËy limír of anrhophyllíre ís B06oc. aL 1000 to 2000 bars

pressure. From the work of Fyfe ít would seem that anÈhophyl-líÈe

forms under a high Ëhermal gradient and at relaËively 1-ow pïessures.

Therefore, anthophyllíte ís more characterisÈic of thermal metamor-

phísn.

Salottí (L962), found that magnesíum anthophyllíte ís meta-
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Figure 28: AFM ploË for the rocks containíng anÈhophyllíte.





stable in the presence of vraËer vapour and ís only sËable below 66ooc.

The presence of magnesíum anthophyllite in thís area could be

attrÍbuted Ëo a laËe crystalLizatíon when Èhe temperature fell bel-ow

660oc. and the water vapouï had been used up in earlier crystall|rzing

minerals.

Garnets are present in both the metasedimentary and metavolcanic

rocks ËhroughouË the area. They are ín the form of rounded or

ellipËical porphyroblasts. In thín secÈíon they have a characterísÈíc

diablasËíc or sieve texture. rnclusions of quaïtz and bíotiÈe are

presenË in Ëhese garnet porphyroblasÈs.

Dwibedi (L966), found that the garnets in Ëhe easËern regíon were

maínly a míxture of almandíËe and spessartíte.

The use of garneË as an índÍcaÈor of metamorphíc grade has been

questioned by rnany auËhors. GarneË is more a funcÈíon of bulk

composition raLher than a funcËion of pressure-temperature conditíons

(Tíl-ley, 1926, chínner, L962, and Dwibedi, 1966). GarneË porphyroblasts

appeared to have formed in rocks rhat are rích ín Mno. Ti1-ley (Lgz6)

found ËhaÈ garnets in conËact aureoles form in rocks ÈhaÈ are rích

ín MnO.

The cordieríËe-anthophyll-íte assembl-age formed ín boÈh greywacke

and argillaceous rocks.

To explaín anomalously large FeO and MgO contents in cordierite

bearíng rocks, Eskola (LgL4), postulaËed that the Mgo and Feo were

íntroduced by hydrothermal sol-ùtions generated by the inÈrusíon of

granite and granodíoríte plutons. Tuomínen and Mikkola (1950) ,

believed ËhaË during deformaÈion Mgo and Feo were enríched at Ëhe

hinges of folds. rn this area there ís no relaËionship between the
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occurrence of cordíeríte and anthophyll-íte with any of the fol-d

stïuctures. Cordierite and anthophyllite occur on the fl-anks of the

folds raËher than at the hinges of Ëhe folds. Lal and Moorhouse (1969),

discuss the enrichment of MgO and FeO as due to the formation and

removal of a granitic anatecËic fracËíon, buË there ís no evidence of

this in the Bird RÍver âTea.

In comparison with oËher greywackes and argí1-laceous, sedimentary

rocks, the cordíerite-anËhophyllite bearíng rocks in the Bird Lake area

have a higher alumina content. Comparison of MgO, total- Fer KrO, CaO,

and NarO reveals thaÈ the MgO conËent of the rocks Ín the Bírd Lake

area is sl-íghËty hígher than thaË in other greywackes and argillaceous

rocks. The other components compare favourably (Figure 30) .

The auËhor has seen no evidence of meËasomatíc processes or the

formation of a granítíc anatectíc fraction that might be responsíble

for the majoriËy of occurences of cordieríte and anthophyllite ín

thís area. In general, meËasomatic processes, in thís area' have

resul-ted in the ínËroductíon of alkalíes rather Ëhan MgO. The grade

of metamorphism is generall-y 1-ow and the formatíon of a granitic r

anatectic fracËion does not seem feasibl-e.

A sfngle sample (5868-11), does contaín a sígnificantly hígher

amounË of MgO. Also, Èhe Nigglí Mg va1-ue (Figure 30), is

sígníficantly higher than Èhose of other greywackes and argí1-laceous

rocks. For thís sample, the ratio of MgO to total femic oxídes has

not remained constanÈ. This hígh Niggfi val-ue could be explaíned by

l-ocalj-zed MgO rneÈasom¿tísm. This would concur with a laËe stage

formation of anthophyllite.

Cordierite, anËhophyl-lite and garnet occur Ëogether ín only
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tr¡o l-ocalities (Euclid Lake and the second Bírd Ríver Bridge), and

form a definíte mineral- assembl age at on1-y one localiÈy (second Bird

River Bridge). The assemblage, cordieriÈe-anthophyllíte-garnet is

generally rel-ated Ëo contacÈ metamorphísrn (l{ynne-Edwards and Hay, 1963).

Almandíne-garnet will- form in cordíerite bearing rocks íf the FeO/Mg0

* FeO raËio ís hígh. Because of lírnited solubilíty of FeO in

cordíeriËe, a ne\^I phase, almandíne appears. Increasíng CaO content

also modifies Ëhe bulk composition so as to permít the formation of

garnet (llynne-Edwards and Hay, 1963). Both of these requirements

are meL in the uníÈ contaíning Ëhe cordieríte-anthophyl-1íËe-garnet

assemblage. Chemical conditions raËher Èhan pressure-temperature

conditions are Ëhe controllíng faotors in the occurrence'of thís

assemblage.
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Andesítes and BasalÈs:

AndesÍtes and basalts are found along , the southern edge of the

area and aË Euclid and Cat Lakes. Most of these rocks have been

recrystaLLLzed, and ín parË granÍtized where Èhey occur adjacenÈ to

granitic pluËons. Some pi1-lows åTe preserved (Figure 31) , but ín

most ínstances they have been sheared or stretched. ouË ínto eLongate,

ellípËical shapes. T,Ihere there has been the severest recrysËallizatíon,

lineated, hornbl-ende-plagioclase schists have developed.

The leasË altered rocks contain granul-ar pLagíoc1-ase (andesíne),

and blades of green hornbl-ende. Biotíte and chloríte occur as

alteraËíon producËs of the hornblende. QuarÈ2, sphene, and magnetíte

are Present as accessory minerals. ln the more',recrystalLi-zed rocks

garnets have formed. These garneÈs may form up to 207" of the rock

ín the western part of Ëhe area.

Adjacent to the large mass of granite south of the Bird River

ín Èhe r¡restern sector, much of Ëhe basal-t has been entírely

recrystalLízed and in parË or whole, granítized and replaced by

granitic mat,eríal-. Granítized pílJ-o\Ars are present at Ëhe eastern

end of Bernic Lake.

APPENDIX I

PETROLOGY
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Greywacke and Derived Schists:

Greywacke and derived, quartz-míca schists form the bulk of the

sedimentary sequence ín this area. In the central and wesËern regi.ons

of Èhe area greywacke Ís more prominenÈ wllereas the quartz-mica

schísts domínate in the eastern sector where the degree of metamorphísm

is greater.

The greywacke ís a fíne-grainedr Brey to bJ-ack, flnel-y schistose

rock. It ís thínly bedded r¿íth tndividual beds ranging from a fractíon

of an ínch to an ínch in thíckness. Quartz, biotíte, and plagíoclase

are Ëhe domínant minerals present,. Epidote, magnetiÈe, potassium

feldspar and chloríte are present in minor amounËs or as accessory

mínerals. Cordierite and anthophyllÍte have resÈricted occurrences.

GarneÈ is also present in retrÍcted localiÈfes.

The quarÈz-mica schists are medium-grained, dark rocks.

Beddíng is obscure unl-ess interbedded, schistose greyr^7acke is presenÈ.

Quartz, biotíËe, hornblende and plagíoclase are the main míneral-

constituents. Díopsíde ]-ayers are presenË near the eastern boundary

of the area. 'GarneËs 
are ïestricted to certain beds and localíties.

Chlorite, sphene, epidote, and potassium feldspar are present as

minor const.it,uenÈs. Tremolite occurs ín the east:central_ sector,

south and south-eâsË of Bird Lake.

Àrkose:

Arkose occupies the central part of the sedímentary section of the

Ríce Lake Group, 
:nU 

stratigraphícall-y overlíes the greywacke and

related rocks. Beds of greywacke are commonly interbedded with the
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arkose

There aïe tÌÍo disÈinct types of arkose ín thís area. The first

type Ís a fine to medíum-grained, well-bedded unit. These beds are

an inch or less in Lhickness. The second type is a coarss-grained

rock th¿t is thickly bedded. l,rlhite, BreT, or b1-ue, q:u;art,z "eyes"

are a promínenÈ feature of thís type of aïkose. These qlJariuz "eyes"

have a rolled structure and therefore are probably a secondary

feature resulting from recrystalLízatíon during meËamorphism.

The arkose consÍsts maínly of alkalí feldspar and quartz.

Lesser amounËs of sericíte, muscovíte, and bíotite are also present.

Epidote, magnetite, and tourmal-ine are present as accessory

mínerals. The feldspar ís maínly mícrocl-ine with albite and

orthoclase also present.

Conglomerate:

Conglomerate (l'ígure 32), occrlïs Ín several bands ín.the \,7esÈeïn

section of Ëhe area and as a relatíve1-y thín unít whíeh ouLl-ínes the

synform in the easÈern section of the area. Thís unít fòrms the

upper horizon of Èhe sedimenËary sequence.

Thís congl-omeraËe Ís characËerized by lÍght, cream coloured

pebbles , '4 to 6 inches ín díameËer! set Ín a quartz-feldspathíe or

micaceous maËrix. These pebbles are usually well rounded or

ellípËical in shape. The long axis of the ell-ipse is parallel to

the regional- folíation.

Most of Ëhe pebbl-es have a graniËíc composítíon. They are

composed mainl-y of quartz and feldspar. Lesser amounts of bíotite,

muscovíLe, epídote, magnetíte and carbonate are also present. The
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EEtrÍx consists of a folíat,ed aggregate of plagíoclase and quartz wit]n

well aligned biotÍte also pïesent in apprecíabl_e amounts.

Davíes (l-956), raÍ.ses some doubt as to the origin of Ëhe conglom-

erate in the eastern sectíon of the aïea. He suggests that some of Ëhe

unusually shaped pebbles may be the result of injectíon of graníËe

ínËo the schist. The author believes this to be a true conglomerate

and thaÈ the unusually shaped pebbl-es aïe the result of recrysËalJ-ízatíon

and partial rotation during metamorphism.

Bírd Ríver Síl-l:

The Bírd Ríver Sí11 is a differentíated, layered, basic,

intrusíve body. This complex of perídoËíte, gabbro, and related rocks

ís a síll-líke body thaL is intrusíve into Ëhe Rice Lake Group. The

concept of a singJ-e, once conÈí4uoús, sÍll is belíeved Èo be

erïorieous (Davíes , Lg52). He belíeves that ín addítion Èo the normal

peridotíte-gabbro compl-ex, there ùrere separate íntrusions of gabbro

in the area. Thís would explaín observed occurrences of gabbro norËh

and south of the perídotíte.

The perídotíËe is medíum-graíned and has a brownish weathering

surface. 0n the fresh surface íË is dark green wíth t,ranslucent flecks

of more brilliant green al-so presenË. ft has been largely alËered

to felted aggregates of fíbrous chlorite, talc and tremolÍte. lhese

mineral aggregates are often pseudomorphie after oll-víne and pyroxene.

rn the vicíníËy of Blrd Lake, fíbrous serpentine ís al-so presenË.

Near the top of the perÍdotíte a chloríte horízon ís present.

Some pyroxeníte occurs at the Ëop of the perídotíte. It consísts

of augiËe wÍth rnínor interstitíal tremolíËe and minor carbonate.
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The gabbro occupíes Ëhe upper part of the síll as well as occurríng

locally as isolated bodíes. There ís a wíde varíatÍon in texture wíËh

both fine-graíned and pegmatític phases present. The essentíal

minerals present are hornblende and pl-agioclase. Títanomagnet.iÈe,

carbonate, and bÍotite are present as accessory mínerals.

Granitic Rocks:

Granitic rocks occupy the major portíon of Ëhe area. The edges

of all granitíc íntrusíons trend parallel to the regional strucËure.

None of the intrusÍons can be saíd, defÍnitely, to cross-cut the

older rocks, although stringers of graníte do so.

There are several types of graníEic rocks and the composiËíon

of Ëhese rocks ís extremely variable. The maín constíËuents are

plagíoclase, mÍcroclíne, quarÈz, orthocLase and bíoËíte. Accessory

minerals incl-ude muscovíte, åpatite, epídote and sphene. Hybrid

phases, pegmatitic phases and inclusíons occur but are not common.

The varíous Ëypes of graniËe grade ínt.o one another. Nowhere

in Èhe area is there a sharp contacL between two Þhases of granítíc

materíal. Thís has led previous authors to belíeve that, alËhough

there is more than one phase of granitíc íntrusíon, there r¡ras no

sharp break beÈween individual- granitic íntrusíons, and that some of

these inËrusíons may have been conËemporaneous.

Pegmatíte veÍnlets have intruded into the sedimentary and vol-

caníc rocks. These veínlets âre composed essenÈíally of quartz and

potassium feldspar, with lesseï amounts of mica. rt is belíeved that

these veinlets represent a laËe sËage of the granític intrusion.

The presence of Èhese pegmâtite veinl-ets al-so suggests that granltic
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bodíes do not occur at, any great dístances or depths below the present

suTface.
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CHEMICAL ANALYSES



Sarnple
Number

sB68-59

sB6B-65

sB6B-31

s86B-18

5B6B_78

sB68-9 7

S868_82

sB6B-35

SB6B-54

SB68-86

5868- 7

sB68-11

SB6B-12

60.85 L5.s6

58. 35 t6 .70

49.75 16.50

62.30 17.47

66 ,9s 13.60

62 .60 13.68

67 .70 L6.2L

63.90 15.05

53.05 15.66

49.10 2L.82

69 .20 L4.s4

50 . 05 L2 ,93

s6.15 L9.23

S1O2 41203 FerO, FeO MgO CaO NarO KZO HZO COZ TíOZ P ZOS MnO

5. 84 .3 .83

7 .92 3 .33

B .72 L.25

3,r2 3.07

2.26 2 ,43

6.23 2 .90

2 .84 4 .LO

2.48 3.03

9.18 3.50

5.20 2.35

2.78 4.46

0. 87 0.74

2.38 2.63

2 .70 l_.03

1.38 1.13

3.52 1.83

2.LL 1.39

2.39 1.50

1-. 89 L. 11

2.49 0. 84

3.09 1. 83

L.02 1.. 38

L.L2 2.07

L.L7 0.77

0.,L2 r.86

2.sB L"71.

0.05 0.53

0 .09 0.53

0.L1 0.57

0.10 1-.16

0.06 0.43

0.06 0,4s

o.20 0.36

0.20 0,51

0 .05 0 .63

0 .1-B 0 .95

0.54 0.44

0 .23 0. B0

0.24 0.97

0.38, 0.10

0.sl 0.05

0.39 0.67

0.48 0.05

0.89 0.23

0.45 0.1_5

0.32 0.06

0.35 0.05

0,45 0 .L7

0.57 0 .1-2

0 .17 0 .06

o.12 0.10

0.25 0.07

Total

100 .14

99.39

l-00.16

100 .05

99,72

99. 86

99.60

l_00.06

99.20

99 .50

1-00.13

99 .83

100.12

2.L3 3.52 4 .22

0.40 3.00 5. s0

2.90 9 .00 4.9s

0 . 87 4 .68 3.2.5

1.19 4.92 3.47

l-.61 4.52 4.L7

0. B3 . 2.92 0 .73

1.09 4.48 4.00

2.72 5.64 s.7s

L.46 8.68 5.BB

1.53 2.32 2.65

4.02 L0.44 L7.5s

2.75 4.84 6,32

(^
IJ¡



Sample
Nurnber

s868-43

S868-58

s868-61

s86 B- 7l"

3B6B_72

SB6B-81

586 B-84

SB6 B-94

SB6B-45

s868-104

BE1-11-

BEz-4A

StO2 AL2O3 Fe2O3 FeO Mgo CaO Na2O KZo HZO

;l

coz T1O2 PZ0S IfnO Total

0.10 99.65

0.10 99.88

0.11 100,03

1_.07 99 .99

0 .05 99 .65

0.07 99 .5s

0.05 99.78

0 .11 99 .69

o.27 100.04

0,04 99.92

0.08 99.50

0.09 . 99 .77

62.45 L6.43 1-.86

59 .20 L6 .26 3.34

61. 30 1-5 . 86 2.54

64.50 L4.L2 2.65

65 .9s 13.90 L.99

63.35 15. s6 2.2L

69.40 L2.Lg L.g2

65 .90 L9 .90 2.16

53. 10 0 .06 l-.07

64 .50 15 .6s L.62

60.35 12,26 3.66

64.95 16.60 2.40

2 .88 3.60 4 .57 2 .73

3.64 4.32 4,4s 3. Bl-

3.24 4.35 4.37 3.37

4.L6 2. 88 4. BB 0.32

3,52 5 .25 1.07 3 .82

3.44 2 .93 3.64 3 .56

2 .64 3 .77 3 .11 1 .95

.3.16 3.98 4.84 2.80

2.52 19.1-5 2L.44 0.08

3.32 3.80 3.74 3.06

4 .40 8.90 2.56 1. 89

3 .60 2 .77 . Bl l-. 84

3,08 0.98

2.6L l-.06

2.79 1.07

3.02 t.37

L,26 1- .65

2 .L6 1.50

2.24 1. 30

1.98 1.03

0 .00 0 .97

2.02 1. 45

2.60 1. 83

3.2L 2.04

0. L2 0 .61 0 .24

0.14 0 .62 0.33

0.17 0 .56 0.30

o .2L 0.55 0 .26

0.41 0.56 0 .22

0.2L 0.64 0.28

0.35 0.53 0.33

o .23 0 .41 0.l-9

1.34 0.00 0.04

0.14 0.43 0.1-5

0 .1.8 0 .48 0 .31

0 .72 0 .60 0.11r
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