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y - ABSTRACT) *

Bay d'Espoir on the south coast of Newfoundland exposes a

. . ‘ section across the southeastern marginal metamorphic belt of the - -
<A
Newfoundland A_ppalachiarm. Two major tectonostratigraphic‘divisi‘ons
are recognized; 'in. the sorxth,the Little Psssage (;neis_ses of'the older
division (probably Predsslbrian), consistiné ~of hmphiboiit'ic and,
B ' psammit:ic gneisses irtruded by tonalite, are overlain by metavolcanic
M . and metasedimentary cover rocks of the younger divisiz;';, the Baie

d'Espoir, Group (possibly Ordovician). The Little P.assagé Gneisses

have been’ 'intruded post- tectonicaily by a megacrystic potash feldspar_

granite. Both this granite and the enclostng gneisses are extensively
\mylonitiaed and redonstituted close to the contact wit:h the cover rocks

1’

a‘t\d the - gneisii’c foliations have been largely destroyed

Bay d'Espoir Nappe., These deformations are

The Ba\ie d' spoir Gfoup has undergone t:wo regionally penetrative
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' It is concluded chat the gneisses form the, basemen; to the C ": \5:
“Baie d' Espoit Group and thac the contact ia now tectonic. ﬁeposition " ‘
of che Baie d'Espoir Group was along a continental margin which waa : .l S

tnitlally of Atlantic-type but later changed to Andean—type.'.

Deformation was probably caused by continental colliaion aloné_tne T —mff—-—“
1line of the dape Ray Fault and the Lower Palaeozoic outcrOp of-central

L3

Newfoundland. Correlationa with similar rocks in the Gander region, .
,,central Newfoundland, on the southwest coast of Newfoundland, and in. 7 A
o . LI
Nova Scotia are proposéd. Co . : ‘ .
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\ormation, Snook's Harbour, Bois Island . . . . . . . .
A . P I ‘ ’ ’
' 76.- ﬁSZ garnet with S-shaped inclusion trails and augen
. ‘formed by S2, semipelitic schist, Isle Galet Formation,
- ] Skmand!srﬂataway..........:- -"uoon.-o'
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_88. Tight F2 folds in intensely defo
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77. MS2 garnet with cur&ed inclusion trail; S2 (vertical) is
differentiated crenulation schistosity in 51 (centre of
photograph); Isle Galet Formation, Simmond's Barasway .

78.' MS2 garnet with a.partially included D2 augen, semi-
pelitic schist, Isle Galet Formationm, Simmond's
Barasway « v+ « o « o o 4 o4 9o o s 6 s s e e s e s =« «
— ’ P
795\“Pébb1es‘of“ﬁﬁﬁffiﬂiﬁﬂﬁézgg;aywacké'wifﬁ\iugen formed
around them by the S2 schistosity, Isle ‘Galet Formation,
west of Baraswayde Cerf . . . v v ¢ o o « o o v 4 oin

80. Thrust fault in the Gaultois Granite, just north of

|

. wrebk COVe, Long IslanF \.c « o e 8 '~’. L N R I L I ‘

81, South facing escarpment formed along the line of a
thrust fault in gneisses of the Stickland Cove Zone,
Little Passage Gneisses, western end of Long Island . .,

82. Tight F1 fold refolded by F2 folds, St. Alban's
’ Formation, Man of War Head St. Alban's . . . « v o« . &

_ 83. -F2 fold in interbedded siltstone and pelite of the
St. Alban's Formation, Brant Cove . . « ¢ « o » « . e e

84, F2 folds with an axial planar schistosity in quartzite
beds within semipelitic chlorite schist, Riches Island
Formation, opposite the east coast of Riches Island . .

85. Cloaure of -an isoclinal fold.in semipelitic'éhlorite
schist, Riches Island Formation, north. side of ’
Lampidoes Passage . . . « « 4 ¢ ¢ ¢ ¢ 4 v 0 0 o 0 4 .

.86, F2 fold in psammite bed, Riches Island Formation,

southeast of Frenchman Cove; north is to the left
of the photograph T e e e s epe s e e s s e e s e e s
1 .
87. D2 boudinage in F2 fold cbre, semipelitic chlorite
schist, Riches Island Forhation; (the fold axis is in
" the plane of photograph, %he axial plane is horigzontal
and the’boudinage axis is inormal to the plane of the
photograph « . « o ¢« « a Jd. s T

ed’ acid crystal tuff,’
the Dgy\bbve

Isle Galet Formatiom,. just north o
Thrust, Dolland Bight . . 'v o « .l.

1

89, F2 fold 1n bedded amphibolite, isl Galet Formation,
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'91," D2 boudinage in\siliceous marble, i\ie Galet Formationm,
. '+ east of Snook's Harbour, Bois Island NI

92. Fault breccia on- the Big Rattling Brook Thtuat, .
southwestofConneRiVer...............-.

93." Post D2 fold with eaat-northedst trending axis,
" Riches Island Formation,:south of Fremchman Cove;
south is to the left of photograph . . .+ + " s e

94. Crenulation cleavage (dipping south to the right of
' photograph) axial planar to post D2 folds in semi~
pelitic chlorite schist, Riches Island Formation,
' " opposite Frenchman COVE. « v « o o o o s s o « o a's »

95.. Post D2 fold with rnorth trending axis, Isle Galet
8 : Formation, Bois Islapd at the southern end of
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96.. Post D2 kinks in micaceous acid crystal tuff, Isle

-'Galet. Formation, Raymond Point, Long Island . . . . . .
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* ]

266

268
268

270




. . ’ 3 . . -

03

" LIST OF MAPS AND SECTIONS

S

o -

. ) . 1, GeneralﬂGeology of the Bai' d\Espoir Area.
| \ '2.‘ Geological Map of Eaa“tem Bay d'Espolr. . <
| 3. Geological Map of Little Passage. . , . _\ T » -
Seétiéma Drawn from Map 2.: A-B, C;D, E-F, . ' o . . g . .

"Sectiono throdgh Isle Galet (attached‘té Map 3). . o ‘ :.'

3 , "

\ B
: -
’
J . .o
. ‘ A
-
[} .
. '
a s
‘ >
. .
'
d

2
.
.
M T
A
-«
i1 1
.
-
s ‘l
N -
- ) -~
. ¢ l‘\ ! ’
s
.
‘l v
I « -
-
- .
= -
. - N
' .
- -
o t "
= & m . N .
- ' . , ¥
_ v . :
! 3
! . i
-~ N -
1.
. ; .
-~ - ' .
| + . 4 .
. : i ‘ . “
‘
B o 3
N ‘u . 1




e . ' CHAPTER I

INTRODUCTION ' )

LOCATION

Bay d'Espo;ll; ZMap“l) is a fj‘ord about 60'1“4:.1!;. long occurring .
half "way'alot'\é the south coast of Newfoundland at rlatitr\de 48° and.

) ,longitd'de 5'6°'. It . is connected with Hermitaée Bay to. the aout"n‘b‘y

| Little Passage. ' The present study (Map 2) extends from the head of

Bay d'Espoi«r to the north side of Hermitage Bay. . The princ:l.pal
settlements in the area are St. Alban s and Milltown together with some
smaller communit:ies in :he upper & km. of Bay d'Espoir, and Gaultois at
the junction of Little Passage and Hermitage Bay:' Numerous other"’
settlements in the lower reaches of both bays have been abandoned or .

resettled 8ince 1900. Access is by road to St. Alban 8 and Milltown,

or by coastal steamer.

’ . ' ‘J
GEOLOGICAL SETTING » PREVIOUS WORK AND GENERAL GEOI;UGY

[4

) 1 -

®

. land Central Mobile belt (Map 1 1nset, Fig. 1). It is underlain by

3neisaes, -granites and metamorphosed sedimentary and volcanic rocks

It ‘forms part of the marginal metamorphic belt that is represented by .
the Gander Lake Group in northeast Newfoundland (William.s, 1964) > and )
1s continuous with the metamorphic rocks around Port—aux-Basques

(Williams, Kennedy and.Nea;I.e, 1970); these rocks probably ext_end .in'to '

. . v ",
- : )

The Bay. d!Espoir area lies on the eastern: edge of the Newfound—'

Y
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south-central Newfoundland (Williams, '1970). They are separated fton

5

the metamorphic rocks on theﬁwestern margin of the Central Mobile @élt

-\ . N - ) : i ! o .
* by younger and less deforined Lower Palaeozoic rocks or, near Port-aux— '

-

-
Fd

Basques, by the Cape Ray Fault (Brown, 1973) e

The first geological work done in. the Bay d’ E5poir-Hermitage

Bay area was by Murray ‘in 1870-71. He made a reconnaissancé trip from

" Hermitage Bay, through Little Passage, to the liead of Bay d'Espoir,

and then inland to the Gander River. . He noted oinﬁ.porphyr1t1c|granite
at Gaultois and gneisses in Little Passage; he thought it probable that
the aedimentﬁ he found exposed 1n Bay d'Espoir lay unconformably on the

gneisses, His observations were incorporated in Howley 8 Geologic Map

of Newfoundland (1907) and the sedimenta were tentative%y referred to
the Silurian. |

Apart from the ocoasional examination hf mineral showings no
more geological work was done %n the Bay'd'Espoir/area until the Ne§~
foundland Geological -Survey initiated two studies by Jewell (1939) and

Widmer (1952)-. Jewell'spent the 1937 field season mapping from the

héad of Bay d'Espoir to the north shore of Long Island and weotwards ta

Northern’Ar%?amd North Bay. Widmer mapped.from the south shore of Bay '

- d'Espoir southwards to beyond Hermitage Bay. The two authors agreed on

. a.three-~fold division of -the area into the North Bay Granite to the

northwest of Bay d'Espoir, the Garrison Hills Gramite soﬁth;of the bay.

f
. i

and extending westwards throogh Long Island towards Facheux Bay, and

the sediments of the Baie d!Espoir Series cropping out along the ehoteS‘

of the bay between the two granites. They considered both granitea to

be intrusive into the sediments -and attributed the gne;sses that Murray



. . l,_‘ - - i /
.recognized in Little Passage to contact metamorphism; they suggested

that the granites might be two parts of onme batholith. Jewell reported
' . : ( g .
that the Baile d'Espoir Seriea conaiated'mainly of quartzite, argillite,

graywacke, and amphibolite in the south andchloritic.slates and .
phyllitea with sandstone in the north' metamorphism varied from biotite

and garnet grades throughout most of the area to staurolite grade close
8 '
" to the granite.--He recognized a few minor folda.and geveral faults but

.

did not attempt to determine the major structure. The series was thought
' to be Silurian by Jewell and Precambrian by Widmer.

The’area waa-remaﬁned by geologiata'of the Newfopundland and

[l

" Labrador Corporation in the early 1950's. They arrived at similar

concdusiona to Jewell and Widmer with one exception.’ They dated the
Baie d'Espoir Series as Ordovician on the baais of a very poorly

preserved gastropod identified by the Geological Survey of Canada as -

’
i

posslbly Eotomaria sp L

. Anderson (1965 '1967) -and Williams (1971) mapped the area  on
the 1:250,000 scale for the Geological Survey of Canada. Although they
Idistinguished tne North Bay Granite‘from the Garrison ﬁills Granite,
they agreed- that both intruded the sediments,’now‘renamed4the Baie
"d'Espoir Group. Willians did,. hogever,inote the difference between the
metamorphic rocks . of Long Island and the Baie d'Eapoir Group, and
expressed doubt as to the relative ages of the two." ' .

1 Williams (pers. comm, 1970) also noted that granite and gneiss

similar to that in the Garrison Hills extended weatwards along the

south coast of Newfoundland. Thia was confirmed by ee;smic and gravity

surveys (Dainty et al;;'l9§6; Weaver, 1967). Willianaﬁ:Kennedy and



Q..

Neale1(1970) piaced the rocks of Bay d'Eepoir in a regiona¥ %etting;
they correlated them with the Gander.Lake,Group of Jenness (1963) on

the northeast coast, as had been suggested by previous workers, and

with the .

The name, Hé¢rmitage Flexure, was ptdpoae@ for the abrupt change of

N :
. regional str rom southwesterly to just north of west in the Bay

d'Espoir area. The flexure wag attributed to folding of the

Appalachian'orogenic bels about a nartherly trending axialtsuﬁ@age.
. e

*,
“AI}

- ) o=

STATEMENT OF THE PROBLEM o

Previous work in the Bay d'Espoir area hae eatablished the
'general distribution of the major rock types. Ic has been the
intention of this etudy to determine the structural -and metamorphie
“Vhietory, and geologicvrelationahips of the area. |

The shores of Bay d'Espoir present the best exposure to be

found anywhere in the belt of metamorphic :ocke extending from the

Gander region to Port-aux-Basques, and probably occupying a large. area

?f Central Newfoundland. The determinatioh of'the geblogic history‘of

eisses between La Poile and Port-aux-Basques in the west.

.‘,.

these metamorphic rocks is critical to the understanding of the geology

of the Newfoundland Central Mobile Belt and the development of the

Newfoundland Appalachians. '

Moat of the plate\tectonic models for the geologic evolution of

Newfoundland have in the pa t been based on the geology of the easily

~ o ’ gt

N

B
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. Dewey, 1970; Strong, 1972) As a result emphasis has "been placed on

e

L4

=

AL

'the post-Gander Lake-Baie d'Espoir droup events that are recorded in

acceasible northeast coast of the island ( -8 Dewey, 1969; Bird and

-

the rocks exposed on Notre Dame Bey. This emphasis is certainly
unjustified in terms of the restricted area underlain by these later
rocks (Fig. 1), ‘and may alao be unjustified in terms of-their importance
fn the development of the Newfoundland Appalachiana as a whole.

The detailed information that this ‘study provides on thé geology

~

of the Bay d'Espoir area is essantial for the interpretation of the’

A early metamorphic rocks that underlie a large but inaccesaible part

.of‘the island No model for the evolution of Newfoundland 1is complete

if this' period of geologic history thet these rocks record is ignored.
Not only is the‘Bay d'Espoir area well placed for an investi-
gation of the origin‘of the Gandexr Lake - Port-aug-Basques metamorphic
belt, it also includes the axial zone of the Herpitage Flexure. -']
Attention has been paid to features that might indicate the- origin of ,
this structure- reconnaissance trips were, made to Huddy Hole and N

Facheux Bay.outside the area of detailed mapping, in ‘4rder to determine

- the controls on the curvature of the geological structures .around the '

¢ A »

flexure.

- METHOD OF STUDY

1

S The area of eastern Bay d'Espoir (hap 2) was mapped on 1:20,000

e

rr

~

'scale air photographs with particulaf attention being paid to the
<

coaatline where exposure is best, and“to the contact zone of the North

-«

Bay Granite. A more general map (Map 1) 1s provided to show the' osition"
~ - 4

LS

. "
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»
S

. . ° ’ - <« .
-of the area‘inﬂrelation to the Hermitage Flexure., The strﬂctuxal .
. £..

ﬂ.:v .
'trends of all ages are in a general way subparallel'{they are here—'

) ! \

after collectively referred to as the regional strike. Map 1 graws\ +

heavfhyvon.the works of Jewell (1939),1w1dmer (1952) and ﬁillhams L

r-

3(1971) ~The major structure of~the Baie d'Eapoir Group.was determined

# S
)y

others.

. Petrological nomenclature 1s based on Holmes (1920) In

S
conformity with contemporary practiée the metasedimentary rocks are

more precisely defined thus. :" Ji .

)
'

Quartzite: more than 80 per cent quartz.

. Psammite: 40-80_per cent quartz;,remainder mainly feldspanaand"

mica, . ' \

] . K
v

'Semi-ﬁelite:.lo-ab per cent duartz; remainder mainly feldspars and’

’
'

miCé.' - . ) ) ’ 4

-

Pelite:c less than lﬂ per cent quartz;'remainder dominaritly micaf

P A

e Periods ‘of defotmation and metamorphism in the Bale d'Espoir

- hl

Group haye been given the abbreviations of Sturt and Harris (1961).

The description “of folds follaws Fleuty‘(1964) The nomenclature for

' cleavage 15 that used by Williams (1972); the term schistosity 1s used -

¢ \\_

_where there has beeu substantial syntectonic mineral 5_\‘th oanhe

':fabric, the distinction between schist and gneiss is that drawn by Van

Hise (1904). Cataclastic rocks are named according to Higgins (1971)
S . , .0

Lo
o . NN

&
¥



Group is: now in tectonic contact with the Little Passage Gneisses Xlong

'Notth Bay Gtanite in nﬁrth—western Bay d Espoir.

L - «
:’ . . . s _' . " * - ) .'_: 8

: J
The determinative plots of ‘Deer, Howle; aftd Zussman (1966) have been

o

used for the determination of mineral cohpositions;(e‘xcep‘ for oombined :

albite-Carlsbad twin determinations of plagioclased, ich have been‘ﬁade‘\
. - S i

from the plot of Kerr (1959). S l‘ L {' ;
L & * ' B A ce
' . ¥ PRINCIPAL CONCLUSIONS \ L
. ,' . 1\ ' o . / V‘e

‘ . . .o } éo. ? -}
The rocks of Bay‘d'Espoir fall into foué? in visions, the

'Little Passage G eissea, the Gaultois Granite, theraie d'Espoir ‘Group,

i;7
and&the North Bay Granite Eig. 2). The Little Passage Gneisses occur
ke

1between Bay d Espoﬂg and—Hermitage Bay, and form a basement to the rest

of the rocks in the!area‘ they have a complex iEfSEEEEﬂl,énd/motaeorph1c

history which pre—dates ﬁQat :§ the Ba e~a'Espoir éroup. They have been

AY. 'ﬁ

1ntruded post—tectonicaf? ggthe Gaultois Granite, and the two divisions

o

) together comprise Jewell sﬁGarrison ‘Hills Granite. The Baie d'Espoir

‘ Group’ consists. of metasedimentary and metavolcanic rocks and has been

0 . —

regionally deformed twice. Both.deformations affected the Gaultois :

\

' Granitefﬁnd caused substantial reworking:of thelbasement gnelsses, The

second deformati?n createdta .major recumbent fold, and the Baie d'Espotr

.the thrust at the base of the fold The metamorphic peak in-the Ba e

d? Espoir Group ccurred between the two“mAin deformations and wag .
i

1 2 ‘_4_

associated both

o

[

o .

r -
Correlations can be made, as has been suggested by earlier .

i A

' workers, with the Gander Lake and’ Port—aux—Basques regions, and with

central Neufodhdland° there are also strong similarities to the geology

s =
_ . b -
a .

.
»

spa;ially and in time with the intrusion of the synorogenic -
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of northern Cape Bteton Island.- No evidence has been found for Devonian

folding around the Hermitage Flexure, and the structures that define the

flexure are considered to have been curved at the time of their } ..
inception. Ey T, o S
- ;‘ ° .

This study deacribes the. geological histary.of an area that is

a

ptobably represencative of a large patt of the Newfoundland Genttal

.4 ,_,_\

" Mobile Belt. It ia cbncerned with some of the most intensge tectonic -

deformation that took place during the devefopment of the Newfoundland "L

4Appalachians, and it provides much new 1nf$7mation that is 1ndiapenaab1e ’

for any place tectonic model. ‘,7';;;
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"tonalites and crop out in a_belt passing éast—west th*ough Long Island.iﬁ
- ., s . o

~Granite to the northwest of the outcrop of the Baie d'Eapéir Group-.

CHAPTER 2

. THE LITTLE PASSAGE GNEISSES

‘ . GENERAL STATEMENT
.- ; W . .

The Little Passage Gnelsses are-named after Little ‘Passage .

y

vhich cuts across the regional strike ‘between Bay d'Espoir and-Hermitage

,-Bay.' Theyuconsidt predoﬁinantly of amphibolites, paammiteS'and

The bbklt extends eastwards to the Garrison Hills and westwards to ) \\

Facheqi Bay? To the north metasedimentary and metavolcanlc rocks of

— '

'the'Baie-d'Espoir Group are thrust onto the gneiséea, and to the south

the'gneisses“are'intrudgd by the Gaultois Granite. Rocks similar to

the Little Passage Gnelsses are exnosed in the core of the North Bay

(Plate 1).

[4

In the Little Passage section (Map 3) two zones are recognized'

1. The Seal CZS: Zone in the south

2. The Stickl Cove Zone in the north.

ones are distinguished by e .amount of strain attributable to the

two principal deformations, D1 and D2, that affect the overlying Baie

d'Espoir Group. In ‘the Seal Cove Zone these deformations are Tespon-.

sible for a alight S-fabric and some kinking of the gneissic foliation. \ ' )

@the Stickland Cove Zone the intensity of the deformation attributable

to D1 and DZ increg’ses northwards towards the contact ‘with the Bale d'Espoir

N



. . i
~  to each other and to the strike of the Bale d'Espoir Group. They

'\been determined; both acquired a gneissic foliation before they were

, , ; S : Lo 12
L A ' A ' : '&" :
Group; the gneissic foliation is folded and transposed ah& close to.

" the contact with the Bale d'Esﬁoir Group the gneisses hé§¥ been

. \

téctonically reconstituted into schists and mylonites. e various
. : .

. ' .
structural trends in the Little Passage Gneisses are all sjub-parallel

i

change from slightly north pf'eaét in eastern Bay d'Espoir to slightly ‘E
south of eagt in Fachegx Bay. |

The gneiepealare extensively 1;truded by granite veins. Thaae.
asgsociated with the Gaultois Granite are most common in the Seal Cove
Zone; the§ are deformed by both DI a;d.bz. Garnetiferous leﬁcocratic
granite Weins gre.comm;ﬁéét‘in the S;;qkkﬁnd Cofe Zﬁne; they are .

deformed bx,DZ:oniy. T

 THE SEAL COVE ZONE

i

The components of the Little Passage Gnelsses can be readily

distinguished in the Seal Cove Zone wbere the hésking effect of the

-’

cover deformétions,\Dl and D2, is slight. There are three principal

* 1lithologies, émphibolitic; psammitic, -and Fonalitib gneisses. The_

relationship bétween the amphibolitic and psaﬁmitic gneisses haé not

intruded by tonqlitel Further inhomogeneous deformation has imparted .

a tightdly folded gneissic foliation to much of the tonalite; parts of .
. . * i

°

it however have no more than a strong schistose fabric and still retain

some igheous te£\ures,‘ In some places the foliation has heen masked by PN

later melting and is now repfesented by an indistinct gﬁqst'banding.'

. .



5

Amphibolitic gneiss (Pl -2) 1s exposed in,banda up to 100 m.’ '_. o
wide running pdrallel to “the regional strike. The two most prominent

O : bands are exposed just north of L' Anee 8 Flamme extending west to the

| ) ! . Northwest ‘Arm of Piccaire Harbour, and on the headland‘between.Gripl

- and Seal Co es. Smaller outcrops are common and kenoliths'of amphi-—

"whplitic gne 88 occur througﬂbut the tonalitic terrane.

> .

Fabric. The gneiss in the two mosé prominent outcrops is

- * finely banded. Mafic bands up to 3 cm. wide are aeparated by dis-

S continuous feldspathic streaks which are rarely more than a few
millimet*es across; the ratio of ‘mafic to, feldspathic bands is generally
_about 3:1. A few early isoclinal 1ntrafolial fold closutes 3 _ara-visible

/, 'y

1n the feldspathic bands and an LS- fabric, axial planar to the: folds

and %arallel t;‘tg; ;;edi;;, 1s the princfpal fabric in the gneiss, the — 7

" mineAal lineation is parallel to the fold axes. The fabric is defined .
by biotite and hornblende, and’ together with the gneiasic banding forms‘} T
augen around nodules of epidote with accessory apatite and zircon. o {

The gneissic_banding and the,principal fabr#c have be ightly"' .
.. folded bé late‘aimilar-tQpe-folds (P1l. 2); the fold ares hevéfzzzear

Yertical ﬁlunge end‘tﬁe trace;gf.the axial planes trends parallel to
the regional strike. A,sligqt schistosity'has been;developed~in the

.o K arigl:zones of the folds, where particular bands ere generelly‘twice A

as thick as they are on the ‘limbs. Veins of tonalite cut across these

late felda;

~

Petrography. The essential minerals in'the‘amphiholitic gneias



\are hornblende (40-70 per cent , Plagioclase (10-30 per cem:), biotite

(5 15 per cent), and quartz (5-15 per cent); aécessorygminerals are

l

}1yz'it:e)s sericite, and chlorite. , ' , ' .

1 Jhe hornblende occurs as xenoplastic porphyrob asts (pl. 3)

! b1
t

ferred orientation par’gl,lel-tv’fh/e'e/a_rly fold axes‘ hey are u'p to

br——]:ong and 0.5 cm. across. The great majority of the inclusions

o -

. /;%\ quartz with curved or embé[ygg dntergranular boundaries and no

d:lxﬁ nsional preferred orientadion, they are very small seldom exceeding

0. 1 mm. across.. There is a tendency for the quartz inclusions ‘to be

,cond\entrated in the centres of the porphyroblasts and for theaetéreas

©
v 3

to h&we a lightergreen colour -than-the. edge&.- _In the 1arg_er porphyro-

{
blasts there may be seveml parts 1,of, the crystal with this appearance

Bepafatedi hy emb\ayrxe’nts and inclu;ions of coarser qdartz _and'plagic‘:clase
of similar grain size to that in the matrix (0.5 mm.). The opaquem
minerals,' loca ‘1;' associated dif_h' sphede. are eveniy distributed in
the hornblende grains. Lo o - .. . S

The hornblende porphyroblasts have been strained by the lat r )
folding and many have b en polygonized to form grains less than 1 mm,

1ong, there ia a slight referred orielntation o_f these ﬁrains within
\ . . ,

the axial\- plade'e' of the later folds. . v

e pleochroic sdheme. of"the homblende is X: light brown,

Y: olive reen, and Z: emerald green. The extinction angle ZAc is 20°.

“
v " -7

tite is unevenly distributed in the fic bands. It shows a

opaques, with minor epidote and sphene. .The’porph roblasts have a

>
\..

épidote, allanit:e, sphene, apatite, zircon, opaque min%rals ‘principa\}ly N

\'la.ch have grown skEIet:ally and include quartz, pla ioclase, biotite,-
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moderately developed S-type ptéferred'orlentation approximately parallel

to the banding and may be included in the hornblende porphyroblasts.
- //////;ne grains are ‘unstrained and are up . :to 1 mm. long; they commonly contain
.lenses of plagioclase between the cleavage planes'(Pl. 4). Pleochroism .

\\ ' 18 from very_light‘brown (x) to reddieh brown (Y and Z) -and’ pleochroic

—"

Plagioclase and quartz occur together in the matrix. The grain
,/' , ’ - e ' . ) N
size vaﬁigs from 0.5 mm. in mafic bands to over 5 mm. in some of the
. / : s . . )
feldspdthic.bands. .The grains are equidimensional and most have

o

-

P | . . . ’
! straiﬁéd,extinction;.aome of the plagioclase, grains are fractured and

“there ﬁas been,sonm polygonal bregtdown The plagioclase is generally
f

- S : seticitized but where fresh 1t is'seen to be twinned on the albite 1aw
AT : \ -
S e and-unzoned'_the composition~1s,An38 1 a.X'A010-20°). ‘ N
. : _—
© (. Apatite and zircon occur as isolated graina in the-matrix, the.

latter commonly being included in biotite. Sphene and- the opaque

. minerals are intimately associated and tend-to be concentrated in

o~

strlngers.parallel to the gneissic banding. . The epidote forms

colourless rims‘atocnd light'brown'xenoblastic graina of allanite.

' L

fsammitic Cneiss c ’ \

There are several outcrdpe of psammitic gneiss in the southeast
corner of Long Island. In the Northwest Arm‘of'Piccaite Harbour 1t 1s.
.in sharp tectonic contact with .amphibolitic gneiss and is 1ntruded by
the tonalite of the Little Passage. Gneisses and by the Gaultois‘éranite.
Just north of Grip Cove a band of psammitic’ gneiss, 30_mt,wide, is :“

" intruded by a dioritic variety of'the tonalite, and at other localities,

. + . LY
. 2
’ . . >
. - - . . [
. f ¥ \

- ‘ haloes are common around zircon inclusions. In<some places there is .
. ///,//’/i////alceration.to pale green chlorite. ' . .

=



s -
'

- ' ‘notably Seal Cove, gneiss of phammit{c cognpositidn has indefinite °

relationships with surrounding tomalitic gheié's. Xenoliths of psamitic

éneiss have not been found in the tonalite.

[
4

Fabric. Although the éneiss has an overall psammitic com-

’
I
i

K - p’elit;a._ It is nearly always banded on a.scale of up to 5 cm. with'

/position, in detail its 1ithology varies between a quartzité and a

L/ 'segregat:lon of quartz and micas; an earlier banding is 1goclina11y

q

/ ‘ folded by intrafolial folds (Pl. 5). A prefgﬂ%d orie,nt'atiqn of some . |

of the mica (mostly of the biotite) is moderately developed approximately -

arallel to the Banding and the axial planes of the 1isoclinal folds.

\\

_~i1':ight folds affect both the gneissic banding and t;he main fabric,
- ) ' . ) PetrograEhz:/'l“’lLe,,esséﬁfiall- mninerals pf the pwsammitic‘ Bnelss
| are Qua:tz/'(SOﬁai;ér"ce'nt); plag-iqc;ase (10-30 pér cent), bioti\ge‘and S
s /// muscovite (t;aget'her 5815 per cent), with accessary sillimanité;_zitcon, '
chlorite, epidote, ﬁic;oéline. and opaque minerals (mostly pyrite).
3 . . The quartz is highly' strained “‘fij:h undulose extinction, sutured
bounda;:ies. "and ril_)bon structure; the grains have suffered partial
‘pblygonalibreaicdown. Grain size va;riee from 0.2 m. i}\ micaceops bands
: where the- quar,tz_ is inter_st:‘l.'ti,al tol c;xn. in Quartlg tif:h bands.
A ' Plagioclase 6ccur§ as lxengblaséic grairis yp (to 1 mm, _in‘diqmete;:;
l | '1n the micaceous bands::lt: is interxstitial and much fin r grained. It
is partly éericitized but,unéfraiﬁed‘. .Iﬁ_apecimens ﬁrbm the’ 6utctop at:

Piccaire sericitization is sufficiertly s.ligh.t for an -optical deter-

mination of c;mposition as.An24 (4a X'A010=5°; R.I, greater than quai-tz);

. \

many grains have a less calcic rim with a lower refractive index in which



]

. - .1

aibite twins are not de\;eloped; vhere pericline twins 'c;"oss into tﬂe
rims there is a slight -but abrup£ change ir‘x orientation of the twin
plane. |
Biotite “and muscovit;e are copcentrated in bandg and the biotite
\ ' has a preferred orientation pa’ra.lle_l“to' the banding; ’th.e ﬁusucovite 'has
. little pref'e.tred orientation althoﬁgh s‘ome gre;ins ar‘e interleaved with
bilotite. ~ The mica grains aré up to 5 mm, long. They are uristrained‘,
in places slight:iy chlor_itized, and pleochroic haloes around zircon ‘are“
common in the biotite. - |

Rare equidimeﬁsional xencblastic grairs of sillimanite and

&
»

~ interstitial grains of microcline occur in the micaceous bands. Epidote

and opaque minérals pre prééent as coatings on the fol:l.at:i.c’m surfaces.

.

Tonalitic Gneiss
e S

'"Tonalitic rocl‘cs. usually’g‘qeissic to some degree, but locally
massive with only e{ slight fabric, form tﬁe’greater paf}; of 'th‘e_Sea]'.

. Cove Zone. rI'h‘ey underlie that part of southern Long Islanﬁd» that 1s not

. occupied by ambhiboliﬁid and psammiticjneisses oi Gaultpis Granite.
Most of the éneiasee and schists of- the Stfck.land Cove Zm}e are of a
similar cémposit:ion and may have béén derived from the tonalite.

The re'lat{onship of the tohalite to the amphibolitic and .

—

psannﬁitic gneisses is best seen in the Norl:hweét Arm of Piccaire Harbour
{

where the- folded gneilssic foliation is cross cut by veins of tonalite
(P1. i). In Little Paésage this band of gneisses reappears just north

. of L'Anse A Flamme and the contact of thé amphibolitic gneiss with the

L]

main body of the tonalite is clearly exposed. . The tonalite 1s injected

. along .the gneissic foliation and also cross cuts it, WBreaking the
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amphibolite into disoriented rectangular blocks up to 10 cm. across,

within the blocks the gneissic fofiation is gently folded, with the

m

axial planes of the folds parallel to the foliation of the tonalite.

-

Xenoliths of amphibolitic gneiss are common throughout the tonaIite ———

and ofteén have a discordant gneissic foliation which may be tightiy

" folded; the axial planes are parallel to the~foliation in the tonalite

(1. 6). : . )
Intrusive gontacts between the tonalite and a belt of psammitic h

_ gneiss are exposed on both sides of Litfle Péssage'between Grip Cove
and Middle Ialand. ‘The gnegsqéc foliations in the. two lithologies are

vertical and concordant at the contact but away from it the banding of A ////)/

“the psammitic gneiss 1s-open1y'folded and is cut by 'veins of tonalite.

v P . d
’ .

. I ' a N
.= — .. Fabric. . Unlike_ the gneissic foliation in the amphibolitic and
: S -
psammitic gneisses, that in the tonalite is inconsistently developed

. %*uz and there is a variation from a moderately foliated rock with-the’

" igneous plagioclase crystals still preserved to a highly contorted
.

-gneiss, Ssgé of the gneiss.is massive and tﬁe'bandiug although often
folded is/only faintly visible. The xenoliths of amphibolitic’ gneiss
reflecy the degree of aefofmgtiqn (compare Pls. 6 and 7).

Where it 1is least deforméd, 19ca11§ between Seal Cove and

yi@dlé Island, the tonalite has ‘'a moderate S~fabric defined by biotite
7 . ) - Co ' ,
‘/’ and rare fibrolitic sillimanite. The quartz and .feldspar grains show '
4 ' : . . - ‘- ..
a slight tendency to be elongated in the plane of the foliation, but

the feldspar grains afq‘more generally blocky with cataclasgically
rounded corners; the mica forms augen around them. There is no sig-

@ nificant metamorphic segregation. = -
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The mildly deformed tonalite grades over distances up to 30 m.

intQ intensely deformed tohal:ltic gneiss in which irregular quartzo-
feldspathic and mica rich bands have formed on a 1 to 2 cm. scale

(F1. 8).* The banding™h s\b@.eoclinally folded at least .twice and

nizable \fbldS‘“has‘f-beeh partially transposed by the later deformation
N . \\". . .
(B1. 9).  The fabric is defined by hiotite, muscovite and rare

filn':olite, and the texture 15' gt;anoblaatic. Where the _gneisses are

PO N

mo,st deformed north of Middle Island -their origin is uncertain although

\\A\

\
. their composition conforms with the tonalite. The xénoliths and. bands °
of amphibclitic gneiss become progressively more .deformed until they are N
either represented by mafic streaks or are not recognizable at all,

)

-On Midd}e Island and on the headland south of M Nest Cove .

o the S-fabric formed pa:ellel to the axial planes of the first recog- -

’ maasive tonalite occurs with indistinctly folded -biotite rich"bands*—
the micas within the bande have an S-—fabtic perall?al to the ‘banding, ) ‘
but between tﬁe bands. there is little preferred ori‘entati;nz Thie type

of tonalite is in intrusive contact with the_tonaiitic gneiss. " It 'co'ntair‘ns

‘ deformed xenoliths ol amphibolix.it gneiss and is .considered to be .

s
!
r

anatectically remobilised (P1l, 10)..

Petrograghx.. The'essential minetals present in thfeutowalite
and ite gneissic derivative are plagieclase (40-50 per cent), quartz
(10-30 ;ier eent), aed biotite (10-20 per cent), with acceesory sphene,
zircon, chlorite, apatite, epidote, micro:';_line, opaque mineraia and.)
locally gamnet and sillimanite. North of 'Grip' Cove there is a more
basic variety of the rock with a quartz-diorite composition and

accegsory hornblende. - o L
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In the m;lldly defomed tonalite plagioclaae occurs as square or

slightly rectangular grains 2 to 3 mn. across. The grains are generally
v , N . ¢

cracked or broken. Albite and pericline twins are common. Grains

‘showing disqt‘;inct: twin planes have a compoaitioa of An28 (la‘ XLA016-16°-

and 10° respectively). Other grains, locally showing good -crystal fhces
and ev‘ery'hhel‘e having®indistinct poly&yn;.hetic twinn;l:ng, have noxmal and
oscillatory zoning.' These textures are thougyi to be of igaeous -origin.
The quartz in. theae rocks is 1nteratitia1 and has undergone partiall

-

polygonal breakdown. © - .

In the topn‘alitic. gneiss the fel&spar “and quartz have a decussate
to polygonat—texture with a grain size in the srange 0.2 to 1 - . 'l;he
plagioclase 18 unzoned and has a composition of An34 (Aa X'AOlQ-lG“-’).

Most of ‘the-mica in-the mildly deformed tonalite is biotite.

- D 2
It is pleochroic from straw yellow to dark brown and commonly. has

pleochroic haloes\groutid zlrcon grains. It defines the schiatosity but
its preferred orientation may .not be easily seen on t:he scale of a thin

section, it forms augen around plagioclase grains and has been re-

crystalldized. On the headland north of Seal Cove it has been altered

N -
to fibrolitic sillimanite with fmall graing ‘of ,potaasium feldapar,in

T,

close assoclation'i(Pl.. 11)'. The sillimanite also appears to have l:een

. N . ¢ !
formed by alteration of plagioclaze where it occurs as! patchea in the

' gralss with the fibrolite needles showing a preferred orientation parallel

f,
1

to the albite twin planes. About half of the mica in the tonalitic |
gneiss is muscovite; the.grains are completely rectyatallized and up to

5 mm. long; many of them contain needlea of fibrolite. Pale green

"' chlorite with anomalous blue 1nterference coloura is generally present

,."
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R 4] plive‘green, and Z: emerald green; ZAis_-'is' 18°, h .

21

in both the mildly deformed tShalite and the gneiss as a post-tectonic
alteration product of biotite.
Garnet is present in the tonalite opposite Middle Island. The

grains are subidicblastic. They have overgrown some biotite- grains

_.r

but augen ‘are formed around them by others. One-garnet wae “observed to
Fo. ! :
: R I
be complet:ely enclosed in an unzoned pl gloclage grain. The garnet is

overgrown by tne muscovite flakes of the tonalitic _gn_eisé. ) -

Hornblende 1s present in ghe, quartz~dioritic variety north of

¢ - ’ ﬂ,?—' L~ ‘
Grip Cove., It generally ﬁcu fs as scattered subidioblastic ‘grains lede
than 1 mm, across with4are 1nc1uaions “of quartz, sphene and opaque

g
-minerals. In a few plaoes hiotite forms augen around polygon’lzeg

- u.

aggregates of the hornblende.  The pleochro;.c. scheme is X: 1light brown,

-

v

'mr;gnqm.m COVE ZONE | / S
“+  The Stickland Cove Zone is defgned. as that part of the Little

: Oy . ® -
Passage Gnelsses where the gneissic foliation has been partly or R
completely transposed by deformations affecting the Bale d'Espoir Group.

These defonnations, of which’ there are two main ¢nes, are hereafter

denoted as Dl and D2, and the 1nterven1ng period of mineral grawth as

- MP1 (Sturt and Harris, 1961). In Lirtle Pasaage the Stickland Cove -

Zone is about three kilometres wide (Hap 3). . _ .

The gneisses which have been tectonically reduced to schists

’

and then mylonites as the contact with the cover rocks is approached.

“are of two principal kinds. There are firat:ly those containing
: - -

essential quartz, plagioclase, and mica uhinh_may_hanegg_erived

0

"
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;,g.g,hﬁ,‘ i ' ‘ I - . ' . .
) from the tonalite of the Seal Cove &one, &an,d secondly thOee with
: v -
- essential hornblende which are p:{‘obably derived from the amphibolitic
gneiss. Minor quartzites are also pre\sen: and a few of the gneiesee '
£
contain more than 10 pe?”'ent of m:['érocliye Throughqut”th’e Stickland
Cove Zone r.he gneisses have been. it{truded by dykes and si 11s: of 7”
. gemetiferous 1eucot:ratic granite. ﬁ\e dykéﬁ'and sﬂls are geueraﬁy

\ b N - . l
C . about 1 to 2 m, thick and have been deformegl with the. Lit:tle Passage

-

i ;e

’ Gmeisses during the second defbrmatioq.
The descriptions of the rocks of the Scickland ‘Cove Zone are

based on a series of specimens of both the principal lithoJ,ogies

‘- ;

collected in Little Passage between Stickland and Day Coves. 'I'he A

S

presentation is intended to show: the progresaive effects of the two
deformations and the. intervening metamorphism northwards. In the \

sections to Ehe west, north of Sam Hitches Harbour and on_ {’he west A“

»

‘jcoast of Long Ieland,uand to. thqveaat, at Dolland Bight, rocks of the

e o ~ -Stickland Cove Zone have been thrust acroas those of the Seal Cove :

- - i b
” . o <

Zone and the: -progressive deformation of - the gne:lsoee is not: as well

. seen. . — -
- . ) 9

1

h\ The Firsti Defomation, D1 .

. #
] . =

Between StickTand Cove and Deer Cove the main fabtic is SIi—

-

'South of Stickl,and Cove Fl folds are common buc are open and there has '

been no tranaposition of the previous fabric. north -of Deer Cove s

o

» Bas been trans;;osed by the second deformation.
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Quartz-Plagioclase~Mica Grieiss

o

A Fabric. ' The gneiss immediately south of the Stickland Cobe

¢ Zone is coarsely micaceous and has a well developed 1.to 2 cm.. banding; *

1,

all' primary textures havé been destroyed It is suggested that this

e,
“e -

gneiss has been derived from the tonalitegbecaus'e of its aimilar com~
- position and tﬁe lack of any sharp break between the twg lithologies.’

The gneissic banding is crenulated and openly folded °by Fl as far

south as Seal Nest :Cove (Pl.' 12); the micas are atrained'and partly

polygonized (P1. 13); at this locality there is no preferred corientation

[
.,

of{;minerals bpar&_l‘lel to the axial planes of the Fl folds, -
‘At Sticklgnd-Cove Fl folds in the gneiss are tight to isociinal —

2

(P1. 414) The micaceous and quartzo—'feldspathic 'banding is still

-

readily apparent curving around the fold hinges, but the micas are o

o

recrystallized and have a preferred orientation parallel to the axial

[ N

¢ - plapeé“of the F1 folds. - o - L

L B At Maria Cove the gneissic'foliatiloﬂ‘has been completeiy '
‘tr‘ansp'osed by the - firsttde_fonl':jnation md F1 fold closures are rarely seer.
A d'iacontinu0u'3 banding/o{ a2 to 3 m. scale may be preserv'ed- but

genef:ally the rock 13’ a hromogeneousmica schist. ) o :
- | " 3 . »

. ) . i’etrograghx The essential minerals are quartz (20-30 per cent). o
plagiolélase (30-4Q per cent) ‘biotite (5 -20 per cent), and muscovite

3 (5-20 per cent). Accessory minerals are sillimanite, hydromuscovite,
b B

.

. apatite. garnet; sphene, zircon, potassium feldspar, epidote, allanite.

and opaque minerals. S ' o' T

’l‘he quartz and plagioEIase have strained extinction and a

] . .
a o . . [
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decussate texture in the less deformed rocks where the grain size is

0.5 to'l mm. Further north around Maria Cove they are polygonized
N , : ! .

.and‘the grain size is reduced to about 0.2 mm. The plagioclase is

twinned on ‘the albite iaw and has a composition of An24 (da X'A010=6?).

‘Tﬁe mica flakes are up to 5 mm. long in the gneiss around
Stickland Cove.where they have been completely‘recrystallited during
D1. Biotite and muscovite are elosely intergrown in about equal
;proportions. The Siotite is pleochroic from light‘brown (X) to dark
Leddish brown (Y and 2); pleochroic haIOeg are common around zircon,
’graina.g o - c

émall.garnet cryetals (0.1 -mm.) ate commonlf inc}udedqin both
biotite and muscovite of pre-Dl age. Fibuoiitic sillimanite has
formed at the edges and within pre-Dl mica flakes (Pl. 15) ' Sé%ene;
zircon, apatite, and allanite rimmed with epidote p;e also of. pre-D1
age. Rare potassium feldspar is present in the quartzo-feldspathic

. - - . ’g
matrix.an&~as lenses between the cleavage planes of biotite flakes;

plagioclase also' occurs as 'lenses in biotite. Hydromuscovite (Pl. 16,

"17).is found in the'matrix adjacent to biotite and sillimanite rich

-bands (Appendix 1).

ver - o .
o0k N : . -
N - ’ - .

Amphibolitic Gneiss

Fabric. The amphibolitic gneiss which is segregated into 1 cm,

mafic and quartzo-feldépathic bands show the aame progressive foldiﬁé’

. .and transposition as the -’ quartz-plagioclase-mica gneiss. South of

-Stickland Cove the S—fabric, defined by hornblende and biotite,. ia

. subpatallel to the banding, ‘it 18 folded by cloae Fl folds, In Maria.
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AN

Cove the Fl folds are tight to isoclinal and an S1. axial planar echistoaityc
is’ developed subparallel to the goneissic banding; the quartzo-feldspathic
bands have a polygonal textnre. Northwards towfirds Deer Cove Sl is
transposed by the second oeformation, first in the more micaceous h;nda

and then in those rich in hornblende. Epidote nodules up to 4. cm. across

\

ate common and have augen formed around them.by‘all theﬂrecogbizable
fabrics, o ' Lo ] , B !
' nPetrogg aphy. The essential minerals of the amphibolitic gneiaa :
are amphibole,vnrincipally hornblende, "(40~70 per ce;t). plagioclase™
'(10—30 per cent), quartz (5-15 per cent) and biotite (5-15 per cent)
Acceasory minerals are chlorite, sericite, apatite, zircon, sphene,
opaque minerals, epidote and allanite. : - ‘ ‘ ey
The plagioclase and quartz have a polygonal textute. The . z -~

grain size decreases northwards from 0.8 mm, in Stickland Cove to 0 2 pm
north of Maria Fove. "The plagioclaae is twinned on the albite law‘and
has rafe reverse zoning; the composition 1s An33 (la x‘A010;15°)’at its
most calcic, The grains are partially Bericitized.

v Amphibole in Sticklanﬂ Cove oceurs as pre-D1 poikiloblastic
graina‘up to 5 mm. long and having a good LS preferred orientation; it
. : - ‘. i : .
overgrows all of the other;mineralsa The grains consist mainly of
, hornblende with a pleochroic scheme x- light brown, Y: olive green and
‘Z' emerald green, and an extinction angle (ZAc; ot 19°. * Patches of -
tremolite-actinolite in cryatallographic continuity with the hornblendei E ;'“
are - colourless and have extinctiou angles (ZAc) of 11°, Northwards at .
Maria Cove hornblende without any asaociated tremolite-actinolite is.

_recrystallized and defines an S.fahric parallel to the~axial planes of’

-y



bformed around them by the S2 schist:osity (Pl. 19).

4

the F1 folds. ' The grain size is about 0.2 mm. . .

’ Biotite flakes at Stickland Cove are up.to 3 mm. across and
CTe . P

have the pre-D1 LS preferred orientation.. They are pleochroic from

i:lght brown (X) to very dark brown ,(Y and Z) and have pleochroic haloes -

around zircon grains. They are patti’ally: altered to light green
. - N [

jchiori’te with anomalous blue :lTnterfere\nce colours. At Maria Cove  the

biotite has recrystalliz‘ed and has a preferred orientation defining Sl.

The grain size is less than 0.5 mm.

. a .
Static Mineral Growth, MPL
: LN ' )

v

.In the Stickland Cove “Zone mnorth of Maria Cove, there has been

. prominent MPL growth of plagiocla.se in bot;h kinds of gneiss and their

derived schists. The plagioclase is poikilo\blastic and 1nc1uaiops

occuby up to 50 per cent of any one grain.‘. Most grains are untwinned

" but a few show twinning .on the albite and pericline lawa; the

.x :
composition is An32 (da X'A010=14°). The poikiloblasts are up to 3 mm.

3

across but the inclusilona consist:ing of quértz,- blotite and/or‘homi:lende

o 1

' rarely exceed 0.2 mm. The qu}artz has a polygonal texture whilst there is
*

a preferred orientation of ‘the biotite and hornblende parallel to and .

continuous with tf;’é S1 fabric (Pl. 18) ‘ The poikiloblasts have augen

MP1 plagioclase are generally coarser grained (1 I:o 3 mm., grain aize)

than -those furthet soﬂth that have been reconstituted by D1 but show

. .
-
“ -

no MP1 mineral growth.

& 0

The rocke containing
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The Second Deformdation, D2 _ -

9

The effects of D2 are seen at Maria Cove Point as crenulaf:ione,
' and between Deer Cove and the contact with the Bele d'Espoir Group an

s2° achistesity is developed. The ‘contact zone, where there has been

intense cataclasis, can be traced westwarda from Day Cove in Little

Passage along the north coast of Long Island as far as Grip Island.

Eastwards the contact is exposed in Hatcher Cove, and between Simmond} 8

Barasway and Dolland Bighc. .
- 2 )

. -~ . :
Quartz-~Plagioclase-Mica Gneiss

1

Fabric. The gneissic banding may still be seen between Deer

and Day Coves but ‘generally the rock i8 a meditim grained mica‘schis‘t‘.' .
At Deer Cove the Sl schiscosity, che -pre-D1 foliations, and the "

L}

‘leucocratic granite veins are folded into tight asymetr:lc F2 .folds.

An LS fabric is ,define:l by the micae; the lineation is paralljl to the

.

F2 fold axes and the schistosity is axial planar. - Towards the west exid

of Long Island, the planar element of the fabric' becomes less di‘s.tinct.’

2

The development of the ‘fabrie can be traced northwards from

south of  Deer Cove where the micas are polygonized around F2. fold

—

closurea but have no D2 preferred orientation (P1. 15) s O Day Cove

- ‘

, where they are complet:ely recrystallized aubparallel to the axial planea
of the 1soc11nal Fz folds. Tl)e. rectyscallized micas form augen around
the MP1 plagioclase poikiloblaéts (P1. 1’9) The texture of the quartz
-ang feldspar is granoblastic or deeussate in the south, but at Day Cove

ribboq structure is develqped. Hithin 50 m. of the contact with the’
IRy ) .

‘Baie d'Espoir Grotup the rock ig a D2 mylonite with a 1 to 5 m. banding .

- ————
o —

— . - . ° '
. , ) .



‘préeserved separated .By slides (P1. 21) and MP1 leucocratic granite

" dykes of leucocratic gtanite but are otherwise : unimportant. '

Amphibolitic gneiss .

+dipping steeply to .th'e north (Pl. 20); a few F2 fold closures. axe . o

! »

\

veins have become involved inthe cataclasis. !

.Petrograghz, The essential minerals are quartz (20-30 per
cent), plagioclase (30-40 per cent), biotite (,'5\20 per cent), and
quecovite (5-2_0 per cent)., Accessory minerals are chlorite, apatite,
opaque minefals, epirdote. allanite, potaseium feldspar, and ltou?maline.

: The quartz and much’ of the plagloclese have a grhin size of
0.5 to 1 mm. v}here the texture is granoblasfic, and' have etrained'
extinction eapecially Just to the south of the catkclastic zone.,
Within the cataclastic zone the grain size is reduced to 0,1 om. or
less-._ SOme of the plagioclase occurs as MPl poikiloblaats; within the
cataclastic zone theee grains are ﬁolyéonized but may l;;e recogqizabie
as knots aréund which t'he fa r'ic forms a'ugen.“i

Tk

Biotite .and mu.a‘covice occur as flakes between 1 and. 3 mfn. acfose

: anﬂ define the S2 schistosity., Although recrystallized by D2 they
" generally have slightly undulose ‘extinction and may be bent or kinked.
'_ The biotiCe is 'pleochroic from lighc to very dark i:rown; ic is commonly

altered to chlorite which is pleochroic fron light: to dark green and has.

N

anomdlous purple interference colours. . Individual grains of mica are
rarely recognizable in the mylonite. N ~
‘Potassium feldephr and toutmalin'e-‘ma}" occur close to sills and

- ¥

~

P

Fabric, Between Deer and ﬁay Coves bands o‘f" amphiboiite show °

»
“~
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Segregation int \quartzo-feldspathic and mafic bands which is clearly
e

" vigible 1in the southeﬁ\part of the Stickland éove Zone (Pl. 22) is

rarely seen on a meaoscopic s\ale north of Deér Cove, and towatds the
. contact qith thd Baie d.'Espoir Group there ig a sharp decrease in
grain size as the emphioo_litee become invo-lved'in the cataclastic zone.
Epidote nodules are present even in the tectonlc schists., The DZ fabric
, is defined by biotite and- hornblende, the latter ahowing a strong linear:
| preferred orientation parallel to the F2 fold axes.l The texture of the
quartz and plagioclase is polygonal with some development of ribbop

structure near the cataclastic zone,

Pet’r'ograghx. The essential miner':als are hornblei\de;(éq-ﬂo pef
“cent), plegioclase (16—30 per cent), oiotite_ (5-15 per cent)_,.and'quart:z_
. (5—15 per cent). Accessory minerals are epidote, eilanit:'e, ‘zircon,
sphene, - and opaque minerala.,
R . o _ Quartz and plagloclase occur \aa polygonal or decussdte graina
| ‘ ‘wi;h a grain size of 1l mm, decreasing to 0.1 mm. near t:he contact wi!:h
the cover, The plagioclaae elap occurd as MPl‘poikilo_blasta which ”have
’ - commonly undergone po‘ly.gonal breakdown; it has a oompoaition of .An32
- (ta X'A0L0=14°), |
~I - Hornblende hae reorys(:allized during D2 to form eub'idioblaat_ic
needles defini'.-lgthe. strong.]\.ineation in the rock. The grains a;e up to
2 mm, long-awax from the contact, but 1:n the cataclestic zone the graio.
size is sharply reduced to 0.2 inm. or less.’ The pleochroio scheme 18 ﬁ
.‘x. light: brown, Y. olive green, and z. emereld green, and the maximm

extinction angle, ZAo. is 16°.
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Biotite, which helps define the D2 fabric, occurs as grains up ©

.to 3 mm. across in Deer Cove; close to the contact with the cover the .

»

grain size is reduced to less thin 0.5 mm. It is pleochroic from light

(Xl to &ark.brown (Y and Z)- and has pleochroic haloes around zircon

<. “*grains. , ) . . Ve

SUMMARY
s 0‘\

The metamorphic history of the Little Passage Gneisses is

-

summarized in Fig. 3. Three divisions have been made. The pre—tonalite

Sl

diviaion recorde the growth of minerals in the psammitic and amphibolitic

gneigses before the iritrusion Qf the tonalite. The second division -
~ , - : . .
included growth during\the deformation and metamorprism of the tonalite

but before the'deposition of the Baie d'Espoir Group. The third.division

is that of basement reworking during the’deformations of the Baie d'Espoir’

+

Group. )
\ In the pre-tonalite division the earliest mineral textures
preserved are .those associated with the main fabric,‘parallel to the

gneissic banding and axial planar to the 1ntrafolial folds. The
i
distincthve poikiloblasts of . hornblende formed during this deformation

in the. smphibolites and their subsequent polygonsl breakdown during the
later’ tight folding make it relatively easy to establish the sequence

o

" of minetal growth in these tocks.

The metamorphic history of the'ton itic rocks is more. difficult 7,

t"\

to establish because of the lack of porphyroblasts or any distinctive
periqu of mineral growth. The minerals have been divided 1nto dynamic
and static phases, and there may be several generations of each; there.u

' Y . : _ L4 _._~. o ".
N ' - .

® . . . B . ' ~ Lt
. .A/ ) "
. . . t . ’ . .
Y ) . - ' * - ' . .
. . 0 . . B ~ P L. f
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~MINERALS PRE-TONALITE TONALITIC ROCKS -~ "REWORKING
' v PRE-REWORKING =P .
intra-|static|late| late ||pre- " no time . : pre=D1 ‘Ip1 MP1 D2 |MP2
folial {growth|fol-|static||tectonic| relations - ||intrusion of intrusion of
fol- dingjgrowth| jrelics implied Gaultois leucocratic
ding L oo : c Granite granite
\ L . A dynamic|static ' :
) 1. . . growth gr9vth B
Mugcovite - | = - == = - - = f—— —ttw - —- -
Biotite - _ . e e - e .
Gatnet . . N S B b £ :
~ Sillimanite A - - , . -17-|-17- ‘,' & -7 -
Plagioclase e e R —= - g s .
‘-q. - -
Quartz o~ =
Amphibole : - I IR P - — -
v N N - . '. . .(' :_"'
Fig. 3. .The growth history of metamorphic minerals in _ e >
the Little Passage Gneisses. ‘ Fles e et g .
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is no implication of a time relationship in Fig. 3, except that in
general there has been a final period of static post-tectonic re-
crystallization, The‘pre-tectdnib relics consist of oscillatorily

zoned plagioclask of prebeble igneous origin,

The final division, that'of reworking, includes  the deformations

']

and metamorphism that also affect the Baie d'Espoir Group.' It consists .
of syntectonic growth during the/fiﬁgt/and second deformations and two
periods of post~tectonic growth. The me:ambrphic peak occurted between

\

the two deformations in th metasediments of the Baie d’ Espoir Group,.

_mand Ebia cbincides withi the particularly prominent growth of poikilo-

1

blastic plagiocle in the gnelsses, ‘After the second-deformatiqh there
"' was only'migg‘ recrystallization, which wﬁe mainly restricted to 4uartz
"and plagiqclase. ' | _

ﬂ'* *The age of the fibrolitic sillimanite which occurs in the
tonalitic tocks 1s uncertai%.’ In the Seal Cove Zone, it replaces
biotite defining the main fabrié\and it may have grown during an early
metamorphism of these gneisses, or later during the metamorphism-of the
Baie d'Espoir .Group. The sillimaﬁite in thé‘stickland Cove‘Zone repieEesi'
Dl biotite and so must have been farmed during the metamorphism of the
cover; it is moat likely to have grown during the MP1 metamorphic climax.

Chlorite and sericite, which are locally important as alteration - °

\ Ce

‘products after biotite and plagioclése,:hpve been omittea from Fig. 3.

" because of the difficulty of determining the age of alteration. , X

'y



CHAPTER 3.

INTRUSIVE ROCKS ;
rd .'.}"

o

- GENERAL STATEMENT

There are four groups of igneoua rocks that intrude the Little

Passage Gneisses after the formation of the gnelasic foliation in the

tonalite (Fig., 4). They are, in order of inttusion, the Seal Nest Cove

Tonalite, the Gaultois Granite, a serles o% diabase and dacite dykes,

and the North Bay Granite with other similar garnetiferoua 1eucocratic

" grapitea. ‘The two granitee are of major areal extent and the North

,3ay'Gianite intrudes the Baie d'Espoir Group. Qua:qz veins of all ageg

“are also found throughout ' the area. o

.+ .. | THE SEAL NEST COVE TONALITE

The tonalite forms~a small intrusion in Little Passage B
_stretching ftoﬁ the north shore of Seal Nesé Cove to Maria Cove Point,.
It cuts the gneisses but is intruded by pink aplites aéaoc;pted with

the Gaultols Granite; it is, therefore,.older than or cbntemneranéoua

with thg'granite.

) The essential minerals‘bf{che tonalite are quartz (40 per cent),
’ .

plagioclase (40 per cent), and biotite (15 per cent), with accessory

.sericite, clinozoisite; épidofe, ailgnite,oapatite{ sphene, and opaque

vv~

minerals.
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Igneous intrusion
. *

£,

Intrusive into Deformed by
North Bay Granite All other rocks D2
— - . — —
Diabase and dacite dykes Baie.d'Eapoir Group - - D1 and D2
, . (in part); . et
Gaultois Granite;
Little Passage Gneisses
< . '- N .
Gaultois Granite (no contact -seen with the D1 and D2
' - Baie d'Espoir Group);
Seal Nest Cove Tonalite; Y
Little Passage .Gneisses
{(no contact seen with the D1 and D2

Seal Nest Cove analité

Baie d'Espoir Group);

Little Passage Gneisses

Fig. 4. 'The igneous rocks that intrude the
Little Passage Gneisseas.
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Fabric. . Theiintrusion lies on.the gsouthern edge'ef the
Stickland Cove Zone ane pas“beeﬁ deformed with varying intensity by
the first“deformation, D1. Throughout the intrusion tﬁe Sl fabric is
developed, defined by a moderate preferred orientation of biotite; this
fabric forms augeh around glagioclase phenocrysts. The matrix has a A
polygonal or decugsate texture.: The'northere end of the ihtresion; in -

,

an area where the gnéisses are isoclinally folded by F1, has also

suffered brittle deformation either during D1 or D2; it is cross cut by

_numerous joints and faults which offset rhe Gaultois Granite aplites.

a

. Petrography. The quartz and much of the plagioelase occurs in
a granoblastic groundmaes with a grain size of 0.2 rm. The graine hare i
‘curved or, embayed grain boundarieS' the quartz commonly has strailned
extinction and ha% undergone partial polygonal breakdown. lThe plagio-'

clase also_occurs as blocky, subhedral phenocrysts up to 2 mm. long

(Pl.'23) It is twinned on the Carlsbad albite, and pericline laws
and has oscillatory zon;ggi_;n the sharply defined core the composition
is An20, decreasieg to An5 in the surrounding zone and then increasing-
to An20 in the gimu,.Witﬁin each major zone there.are a number of less
well defineelmiﬂor ossil;atdry zones. The albite zone is generally

sericitized.

Biotite occurs as 0.5 to 1 mm. xenoblastic flakes overgrowiné

‘the quartz and ﬁiagioelase.' It is pleochroie from light brown (X) to

Epidore occurs as anhedral to subhedral grains. ‘with a priamatic fo'

it cqmmonly has a six sided core of pele brown allanite.

very dark greenishwbrown (Y and Z).

>

Needles of clinozoisite are common in the plagioclase grains.

hApa;:i

. P
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.towerds the‘Garrison Hills, and west

, (Pl. 8),. but are folded by the Fl folds of the Stickland Cove Zone

36
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‘v 8 . . . .
small hexagonal Prisms in the matrix. Sphene and the opaque miﬁerals

are intimately assaciated in anhedral grains up to 0.5 mm. across.

";' . . . . —»’_"
© THE.GAULTOIS" GRANITE
. ~ i B ’

"1
v -

'The Gaultois Granite forms the northern, shore of Hermitage Bay s

and is named after the outport of.Gaultois on\the southeast corner of . - -

‘
l

.Long Islendﬂ It ‘extends northwarda into Long Island as far as‘wreck )

r

Cove in the, west and Seal Cove i% Li tle Passage. ,lntrusion by .

’ !
associated pegmatites ‘and aplites, and partial replacement of plagio—
clase in the gneisses by potassium- feldspar.(Pl. 24), have affected
much of the southern half of Long Iéjan&J ?he'graoite extends . eastwards

ards it occupies most of the area

south of the Baie d'Espoir Group at Facheux Bay, it may be continuous

K

with a similar intrusion around‘@gggeo.

I

The Gaultois Granite is pin{ and megacrystic, and 18 cut by
numerous aplite and pegmatite veins (Pl.. 25) In most placee it has a
simple LS-teetonite fabric which ié attribute& to the first deformation
of the Baie d’Espoir Group, Dl. ts relationship to the Little Paesage

/

f
Gneisaes is best\QEz;u by .the aplite and pegmatite veins; these-cut st

across the folded fo iationa OfJPII the gneisses of the Seal Cove Zone

vy

. (Pla 14). Xenoliths of amphibolitic gneiss in which the gneissic

|

4foliation pre-dates the’ fabrio 1n the granite are common _around Gaultois

. \,]\ ® B P
(Plz 26). S .
- ¥ ' i

The contact between the main body of the granite and the gneiases .

"is generally indistinct because of the effects of potassium netaaonatism,.

. ' . A ) . . \
P * i _I.J o ] * . . J . .. B \
A . b o T . . Co




. bldglnolnuo In wreas of tonalitic gnotan an fdr north -as Soal Noat ] o .

vﬂpund urﬁjpn tha conut Lo tho north of L'Aunne A Flasmo and ‘on the ) -

q.

."'.ndjuconc o chc contact has bheon: formed from chc tonalitc wlch tho ‘

'replnuumont of plngionlnﬂu hy microulluo.

-gnrnut;furuua loucocrntic 3rnnito.

, . ., -~

«
*
o

Mlerogtine hun grown futerntitinlly and an porph&rub]hguarmplhciﬁﬁ

. - - -
‘ovay It {a unpnclally'vommon In the littln Bay YFauwle zone, -

-

Tha oniy S

two lucnlttlnu whc ro’ uhurp contacty hoqunn uruuLLu and anotnu'wuro t‘ e

inland immedintoly to the opst. At the firat locnl ity ﬂhu.adué af the

grnnlib fn marked by a gono of cutaulnntu’nbndu 1 me wida in-which the

m]vrovlino phunncrynta havu duon pnrtiully dnntrnyod but tho qulan

hun hnrdly hoon nttuctod- chu zone In drnnnud by Gaultaln Granlite

- ]
*

nplituu nnd by tho lator Dl tubrlc. On the [1rnt lalnnd to tho onuc of - .

L'Auuo \ Plnmmu mildly dnfoxmnd tonalite In nnpnrncud Irom Rroanito by an

14
-

‘Ltrcgulnr 3 il band tn which fino arnindd quarty and mlcroullno are

s
[y

concontratod; the only apparent dltfurqnun botWagn the roeks on cach/sido

-of the band {8 the presence of microcline ln the granite; tho contact” is

DN

®

luturpretod an mutéhomntlc and gradationil, The granito 1ﬁméd1ncdiy

-

o

The onrlior folincion in chu

tonalite han hoén inherltod by this mntunomntlc part o[ the sranitc. it

had houn unhnncod durlhg thu f{rat doformation of the Dale d'Fﬂpolr ' ~
v b y

G:nup with the formntion ot nugon uround tho mLcrou]luo gralna,

At the wostern ond of Long Ialnnd jUst to tha noréh of Wrock

Cove-and Lh the country north of Blunder Cove, tho Guultuia thnite has .

bunn ovorthrust by gnuiasun of tho Sticklnnd Covc Zone inttudcd by
N ¢

XQnolitha of foliatod Gnultois’ o

Grnnitu. dcformod by Dl. are foﬁ’/ d in the loucocrntic granice, which

)

hna only heon affected by the socond dqfopmucion, bz (Pl. 27). The .



.variety of’the granite itself.:

38 -

Gaultois'Granite in this area has beey more strongly deformed then in

Little Passage: and in seyeral places is bartially hylonitizeo._ it is

" interbanded with tonalite which may be equivalent to the.mildly deformed

N o

_tonalite of the Little Passage Gneisseg or may be a microcline-free:

\J

l .
T@e essential minerals of the Gaultois Granite are quartz (25 -

- per cent)‘ microcline (30 per cent), plagioclase (20 per cent), and

!
biotite (15 per cent). Accessory minerals are chlorite, sericite,

muscovite, apatite, epidote, sphene,. zircon:*hornblende, and opaque
] .
. " \

minerals.

. —

-y

Fabric. Except in the west of Long Island the Gapltois Granite .

téxture; microcline phenocrysts are set in a coarse grained matrix of
quartz, plagioclase,. and biotite, There is a slight to moderaje

preferred orientation of biotite producing an L or LS-tectonite Fabric,

. Yhich forms aogen around the phénbcrysts, The deformetion has caused

fracturing of the feldspars and partial polygonal breakdown of the
microcline, The quartz in the matrixlis intengely strained and has

complex eutured.grain boundaries' in'the"equigranular ;ariety of the

. granite at Piccaire Harbour, ribbon quartz helps to define the LS-fabric.

The pegmatites are too coarse to pick ép a fabric but the

' aplite veins, which contain little mica, have a fabrig defired by the

stretching of quartz and microcline grains.

“At Blunder and”Wreck Coves in the western part gf ‘Ldng Island,

-

the granite\hae been more intensely deformed than elsewhere by the
deformations of the Baie dlEspoir Group._ It has bands up to 1 m.tthiék

!

; L. . . . - . N . .

has only been mildly deformed and retains its.igneous megacrystic : *.¥

A
\J
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'of robable D2 protomylonite. In most of the granite,. the microcline
>t P PrS : ;

phenohrysts have survived, although everywhere strained and in many

places partially recrystallized. An -fabtic'defined‘by biotite,

" muscovite &nd ribbons of qhértz and microcline forms augen around the

phenocrysts. Within the matfik the grain boundaries are scalloped or

embayed and in a few places the tg;ture is granobla tic. In the

L
protomylonite the _phenocrysts are crushed and streaked out, and the .

matrix‘is much finer grained,«the grain boundaries are curved to

P

\..
straight and a granoblastic texture is common. Further brittle -

deformation associated with north dipping thrust faults has caused

severe fracturing of the rock in this area. . T : LY
o , .

Pettdgfaghz. -Microcline generalL{ occurs as subhedrai pris- )
-matic phenocrysts up to 5 cm. long, and as\bmaller (3 mm, ) -dendritic

. grains ‘in the groundmasa. In the southern hblf of Piccaire- HarhOur

all the'diérocline is in the groundmass a?d at the west end of Long

a’ »

Island many of the phenocrysts have been cataclastically destroyed. .
All of the microcline grains have good crosshatched twinning and many
of Fhe less deformed Phenocrysts are twinned on thg Carlsbad law, "all
of the other minerals’in the rock are f&und as incihsions in the
m;crocling ;nd‘sqﬁe grains §how‘an oqcillatory.zoniﬁg whieh appears to . .
" ¢ have been inheriteQ'fiom replaced plagloclase. . '} |

‘. ) The;plégioclése érains are mostiy éubhedtal and prismatic with . .
- a grain‘size up to 5 mm. ffhey héve compigx oac;llatd;y zoning épd.ar;
" twinned on the.alb te and, rafeiy, thé'ba;lsbad‘and periciine laﬁg. |

~.

The composition varies from An38 in the cpE; to An20 -in the rim

(1a X'A010=20° to 0°). Most of the grains are partly se;icitizéd oo
L - . T , W ' ‘ el
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esoecially in the more calcie zones. Myrmekitic intergronthg,with

. . (
quartz are common adjacent to microcline grains. 2

Quartz is everywhere interstitial and intensely strained. It
"naries in grqin size from 5 mm. to less than 0.1 mm.ndepending on-the
anount'of strain and recrystallization, ‘ ’ | : x
The biotite has been polygonized.after deformation and the\;__;,,z;’f——\
grains are unstrained. They define the échistosity,;nd form augen ‘
-aronnd the feldspar’grains} The pleochroic scheme 18 k' light broﬁn,.
Y. reddish brown, Z: very dark brown,: and there are numerous pleochroic
haloes. Much of the biotite ha: been altered ta pleochroic green '
; chlorite with anomalous purple dnterference -colours, and lenses of
potassium feldspar which occur:between the cleavage olanes. Where.then

rock has been partially mylonitized about half of the mica is muscovite. - 3

Sphene and‘the opaque minerals occur as small dendritic"

2
-

.aggregates in the groundmass- and are associated with rare:hornblende
(pleochroic scheme X: light brown, Y: olive green, Z: emerald green;
ZAc'=» 15°). Rare disseminated covellite occuts amopgst the opaque

4 - - L&

minerals at the sohtheast end of Little Passage.

oo . 'DIABASE' AND DACITE DYKES
biabase'dyhes intrude the Gaultoie Granite at Piccaire and
_L'nnse a Flamme, In both cases the dykeehare much altered and. have
.been back—Veined by the granite. They have J slight S-fabric which 18 . °
attributed to the first deformation, Dl. They are vertical and. strike .
80°. and 50° respectively . . m' : LT
In the Stickland Cove Zone, at Hatcher GoVe and Harbour le _ : _.3‘,

- Gallais, amphibolites have been deformed with the-Little Passage’ '
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Gnéisses preducing-FZ folds in an S1 fabric. Despnte the intense re-
conetitution;'they retain a slight crosscntting relationship and 1nck"
any relict‘gneissic banding; tney are, therefore, probably the deformed-
equivalents of'the diab;se dfkes and are dietinct from the amphiboiitie
gneies. .Rocks with a similar mineralogy and structural history to theee
1ater amphibolitee occur in -the Isle Galet Formation of the Baile d Espoir
Group, at least some of these are probably intrusive dykes and sille..

A dacite dyke of eimilar age is exposed on Hiddle Island in

Little Paesage (Pl. 28), where it 1ntrudes tonalitic gneiss and cuts

Gaultois Granite pegmatites; it dips 20° towards the east. ' It has two

'alightly develnped S5-fabrics and is intruded by‘garnetiferous leucocratic -

granite aplites;'thQ‘second.fabric S2 1is associated with ptygmatic fo{fing

of the aplites, -~ . Co . y
As ‘far as can be determined all the dykes were intruded after the

]

formation of the basement gneisses and the 1ntrusion of the Gaultoie o

Granite, but before the deformation of the Baie d’ Espoir Group, it is "

suggested, therefore,.that they may have been feeders to. the volcanic

rocks in the Baie d'Espoir Group and their lateral equ;valente.

'
The Diabaae Dykes of Southeast Lorig Island .
1] ’ !

The eseential minerals are plagioclase (50 petfcent), biotite’

(25 per cent), and hornblende (15 per cents with accessory ehlorite, :
sericite, sphene, apatite, quertz, potassium feldsbnr, calcite, and

epidpte,’ . \
Fabric.- The'priginnl igneous texture is preserved ‘in,many of

o

t,éhé plegipclase grains which occur as subhedral to euhedral laths.

. , . .
] 3 ' ~ .
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.the remainder of the plagioclase together with accessory quartz forms
a granoblastic matrix with embayed grain boundaries. The S-fabric is
defined by a very, weak preferred orientation of biot;::T Unstrained ";' /
poikiloblaats of potassium feldspar over 1 cm. across have grown after

the formation of all the other minerals in the rock.

Petrograghx. The plagloclase laths are up to 2 mn, long. They
are twinned on the albite, Carlsbad and pericline laws' the composition
is An43 (Carlsbad—albite 1 o010, X' 010=14° and 3%); they are’ mostly

‘heavily aericitized. Myrmekite occurs at the boundaries between the -

g -

plagioclase and potaseium'feldspars.
. . '

- Biotite occurs as xeneblastib graina up to E mm, across,
pleochroic scheme 1s X: light brown, Y: olive green, and Z: very dark
brown. - Much: of the ‘biotite is altered to green chlori

Hornblende forms subhedral priems up to 2 mm. long andfsome

‘grains have simple twins, .It has a pleochroic scheme X: light brown,

i & olive green,, and 2: emerald green, ZAc is 19°, .

]
. .

Sphene oftcurs as euhedral diamond, shaped crystals. Calcite and

epidote are alteration—peoducts, sparsely disseminated through the rock

and forming coatings on joint surfaces. The potassium feldsgar

™

poikiloblaats may be due to late stage contamination from the aurrounding ’ .

_granite. : " ¢

X Intrusive Amphibolites of the Stickland Cove Zone -

The essential minerals of the amphibolites are hornblende (40‘
per cent), and’plagioclasev(so per cent). ~Accesaqry minerals are « i

Fy - - .
quartz, apatite, sphene, opaque .minerals (mostly pyrite)’, sericite,



.partially polygonized. . . ) L

o l )
epidote, and calcite,

Fabric. The rock haa a very well. polygonized texture, Horn-

-blende defines both S1 and the D2 LS~-tectonite fabrica. It occurs in

irregular concentrations up to 2 mm, aéross, which are inequidimeneional
A . -
in the plane of S2 and elongated parallel to the P2 lineation and the
F2 fold axes, "Within the concentrationa hornblende and plagioclase are
- §

evenly. digtributed in the. proportions 80:20. Most of the hornblende

grains Pave ‘recrystallized during D2 3s needles less than 0. 1 um, across,

parallel to the D2 lineation. In~aeveral concentrntions however acicular

crystals and larger xenoblaatic grains up. to 1 mm. across define the

tightly folded 51 fabric (Pl. 29)-

Most of the plagioclase is polygonized with straight grain
boundaries. A few relict MPl porbhyroblaats can ' be recogniZed; with

an. included D1 fabric; thev show pantidi breakdown to a polygonnl

\

texture:

v

Petrography. The hornblende varies in grain size from 0)1 t6“

[y

l m, ; it is polygonized and unstrained. The'pleochroic scheme ia

v

X' light brown, Y: olive green, and Z: emerald green; ZAc is 20°., - -,

Plagioclase has a vety well developed polygonal texture with a

grain size of 0.1 mm., it ia unstrained and very rarely twinned. The

few MPl porphytoblasts ‘that have survived the second defotmation are

' about 1 mm. across; they contain numerous small inclUpiona of quartz

and a few hornblendegtaina defining S1; they are;aeticitized and

Calcite, epidote, and pyrite commonly occut as Begregations and

~— ) . ) R /‘S
. ¢ 3 - . . -
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veins; the veins have been folded by F2 . , -

-
’

The Dacite"Dyke on M-id‘dle Island
) The essential minerals are plagioclase 40 per cent), quarr.z

{20 per cent), biotite {20 per cent), and potassium feldspar (10 per

cent), .with accessory sphene,_- apatite, zircon, clinozoisite, sericite,

and opaque minerals.

Fabric.. The rock has only been slightly deformed and igneous , // ’
plagioclese phenocrysts are preserved within a granoblastic matrix with / A
. ) . . " . /’

embayed and curved grain boundaries. Both S1 and SZ are weakly develope/d

-

/
and are defined by biotite which forms" augen around the plagioclase

phenocrysta. The grains defining S1 are not strained and are overgrown

L

by larger grains forming*the second schistosity.

" Petrography. Quartz and untwinned plagioclase grains up to-
0.2 mm._ across form the gra’noblaat"ic matrix. Plagioclase phenocrysts
up to 4 mm. long occur as euhedral laths wit:h Carlsbad and albite twins

(Pl. 30). Their composifion is An45 and they commonly have narrow rims‘

bl 3

" of cglhpos'ition An26.(3a X' 010=24° to 8°), The phenocrysts contain

" inclusions ;of -€1inozoisite and are partly altered to sericite in the

~

more calcic cores. oo

. ‘ . 0 \\ v
Biotite occurs as flakes up to 1 mm. long; it is pleochroic from

s . L ! ) —
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:,‘ ) \ . .
- ' and is exposed on the coast at Pomlby Cove in Lampidoes Passage, and - *

14

.at North, East, and Facheux Bays. 'l‘he grenite extends northwestwarda ot
past;/Facheux Bay into south’ central ‘Nevfoundland. It i8 a leucocratic

c i edium grained and approximately equigranular. rock, gene}ally gra‘y in

c010ur but}/some plaeea pink. It 18 charactetized by the preeence

msl/ruby red crystals of " garnet, in the main body of the granite

these are’ rare, but in the aplites and pegmat:l.tea that cross cut its

-
” ]
‘

outer margins they are very commor.

-

Within the core of the North Bay Granite 1s a band of basement

gneiss, two kilometres wi:de and extending acress'North Bay to the .'

country nerth of Facheux Bay (P1. 1). It is ‘intruded by granite veins
‘ but the main contact is mefasometic aniyonalﬁ tl{e gneissic banding
. . . s ° . * ’ -
~ becomes less and less dimtinct as the eeo{es more homogeneous
[

until it disappears altogether and the rock shows every evidence of k
A having been magmatic. ) o ’ ’ : e
— # '
- - The granite intrudés the Bale d'Espoir Group in Lampidoes

Passage and northwards towards Roti Steady. The contact is rarely well

defined, being usually a zone of dyke and 8ill 1ntruaion up to 3 im.

wide (P1. 31). The grade of MPl metzamorphism An this zone is higher -

L

(ailﬁi;n\mite- grede) than elsewhere in the Baie d'Esp'oir -Group (ga;et . . {

vgrade o;'\ lower). Around Roti Steady the contact.is overlain and hidden '

by a thrust sheet of the Baie d'Espoir Groupj; where 1t reappeara, south /&
\\ ' of Rocky Hill, the country rocke are mainly ‘schists of a. metaeedimentary
appearance, bub t‘hey include possible basement gneissea and aome intensely

. s defomed ultrabasic rocks. The granite contacta in No\rthern Arm and.

Facheux Bay were .only briefly examined- they are either ‘Lntrusive into

‘v
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the Baie d'Espoir'Group,'as in East end Facheux Bays, or fenlted.
Mostnof the North Bay éranite has a very slight tectonic
‘fabric, visible on a mesoac?pic scale onl&. The nerginai dyﬁes and
aills, however, have been folded and boudinaged during.the ‘second
deformation, D2 (Pls. 32, 33 and 36) and h:ve acquired a moderately '
well developed 52 fabric. @The granite is unaffected by first,
deformation structurea and its intrusion is considered to be post-Dl.
On the southern shore of Bay d'Espoir and ‘westwards to Great

-

Jervis Harbour, the reconatituted Little Passage Gneisaes‘are intruded

“

by dykes and Eills of leucocretic granite. The granite is commoniy

N pegmatitic and. rich in garnet. It has been intensely deformed- by the
second deformation of the Baie. d'Espoir Group (Pls.(éS and 36), but not
by the first, and at the head of Sam Hitahes Harbou it containa

ﬁ;’/",/xenoliths of Gaultois Granite with a previously acquired S1 febric

) (él. ﬁ?)., ng leucocratic granite in this area does‘not intrude the

Baie d'Espoir Group which is eeparated from it by a D2 thrust faults

The similarity in petrography and time of intrusion between the granite.

.dykes and sills, and the North Bay'Granite suggests that they belong

to the' same intrusion; this intrusion is probebly'continuous under the

outcrop oi the Baie d'Espoir Group; 4& isolated dyke of garnetiierous

.ii . leucocratic granite intrudes the netavolcanic rocks'ofnSnook's Herbour.

llfhe essentiallminerais of ¢the leucocratic granites are'qﬁertz'
- (25 per cent);'microcline (30 per cent), plagioclase (20 per cent),A
biotite (10 per cent), and muscovite (10 per cent), with accessory |

chlorite, sericite,: apatite, zircon, opaque minerala, (including ‘

nolybdenite in the marginal.sills), garnet, and tourmaline, Garnet,



N i)

t
-

¢

. -tourmaline, and nuscovite ure especially common in ;h'e pegmat:ltes,'

47

aplites, exy marginal dykes and sills, ¥

-Fabric, The fabtic in the leucocratic granites vari/es/g/rgtly ;
in intensity. In'the core of the North Bay Granite, the S-fabric 1s
barely visible, vhilst south of the outcrop of the Baie d'Espoir Group
the granite is always very well foliated and 1nr places is mylonitized,

Ll

In the least deformed-rock no fabric can be seen on a micro-

scopic scale. Blot;icy grains 'of plagioclase -1:le’ in a decussa‘te matrix

of quart:z' 'mé micas have oo ptefer'red orkn\t\ation but some of the- .. .
flakes. a,re strained and bent. Large poikolitic grains of potas_siuﬁ
feldspar have grown around the othet minerals in the rock.' In the 5
dykes and sills at the margins of the North Bay Granit:e,irr Lampidoes
Paasage, "there is a slight preferred orientation of the mica, and the
feldspars are strained and cataclastic_ally b;oken down around their

’

edges; .the quartz genetall'y has sutured boundaries, but in piaces is

- : /

partially polygonized. _ . iy ‘ R oS

——— “ ,

A

/
The leucocratic granite close to the basement‘pi)!er contect

on the southemshore of Bay d'Espoir ~f.:ont:rtémts ﬁ:l.th thaé to the’norch

in the 1ntense development of ita LS-tect:onite fabr:lc (Pls. 35, 36 and

_'l37).= The fabric is axial planar to cight or isoclinal folds and’ tx \

lineation is parallel to the horizontaL fold axes. LIt 15,‘ defined by
muscovite and ribbon structure in streaked out quartz and féldspai:

gfains. Augen have been fomed around relict igneous £ ‘ldspar, garnet .

and muscovite grains. Towards the south the intensit:y of he strain /
decreasea and some of the leucocratic gtanite veins :l.n the Sea\l Cove

Zone have no obvious folds or fabric (Pi, 38). ' .\‘*\ ’
. o W

4’~ ‘ ./‘
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Petrography.- Where the granite ’nas not been significantly -
deformed, plagioclase forms subhédral ptismatic grains up t lo\mm.‘ \
across which have oscillatory ‘zoning but which normally have only \

simple twine (Pl. 39), the composition variea from An18 "{n the cores-

to An2 at the edges (la X' 'A010=3° to 1\A° ,\refractive index less thth}\ \\

1

) Lakeside Cement}. The grains have been partially sericitized espéciallgv |

‘ _ _ A\

in the more calcic zones.,

Th; pla {oclase grdins occur in a niatrix of quartz with a
-decussate tekture nd strdined extinction, the grain size of the qyartyz \
is between ’l‘_and J mm.

Flakes of muscovite and biotite, which may be altered to

chlorite, are disseminated throughout the rock. They are up to 1

L
1

lon'g and may be strained or bent. The biotite is pleochroic fro' 11 ght:
brown (X), to very dark brown (Y and Z) \. :
Anhedral poikolitic microcline graina, up to 1 cm. acro 8, have
overgrown all the other minerals in the roc_:k. .The quartz inclu‘ ions
étg rounded and unstrained whilst.the plagioclase occurs as prismatic
crystels.; the grain size‘.qf the inclusitahs' is léss than ‘1 mm, The
microcline has cross hatchéd and Carlsbad tv;rinn-ihg and 1n'5unstrained..
Myrmekite is common at; microcline—plagioclase grain boundariea. '
In the deformed granite south of the outcrop of the Baie d* Esproir
Group, augen of microcline, plagioclase, and rare muscovite are preserved
in'a cataclastic matrix, The feldspar grains are strained and
sericitized; cross hatched tw:lnning 1s common in the microcline but the C
plagioclaseis 3eneta11y"untwinneg!; mogt of the gr:_aina :jnrg‘about 1 cm.
across, although"v'here the rock is pegmatiric grains as large ;s 5cm,. -

a
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are found. Eﬁhedral garnet which ia common in this area generally has

o~

a grain size of 1 to 2 mm, Tourg:aline whiyesent accurs as needles
up to 1 cm. Jong, approximately «parallel “the D2 lineation; it is

black in hand specimen and pleochroic from colourless -(e) to very dark

' -

green (o). "
'Quartz and feldsp;ar grai\s, 0.1 'mm, across or less, occur in

the mat 1x.ahd have a decussate or polyg(;nal texturey the inequidimen--
» . \ y . . '

sional gr.aina have a very good LS preferred orientation, . Within the

matrix quartz and to a lesser extent microcline form lenses and

-

B s . R e
\ stringers. These, together with‘scattered mica flakes, define the
v : . " .’/- ,
fabric; they are up to 1 mm, across and the grains that compose them

are annealed and may be as much as 2 mm, long.

QUARTZ VEINS: ' T
Quartz veing of all ages intrude the rocks of the Bay d'Espoir
area, Veins that have been defomed by the second deformétion of t:he '

Baie d Espoir Group are particularly comon neat the contact zone of '

~the North Bay Gtanite. .'Ifhey also intrude the St. ‘Alban’'s Eomation at

o

1] ~
. . ~ St. Alban's and’ .Coflhe-River;,in these localities they are locally rich
in pyrite and pyrrhotite. In xth‘e:grAphitic\ aéhists of the islat Galet

Formation, at least some: of the numerous quartz segregationa may be the

¢

:tesult of pre-tectonic veining. , L B

-

Post-tectonic ve:lns up to 3 m. wide intru&e all the structural

-

N divisions of the area and have no appatént relatfonship to any granite

. ___Jbociies. _Th&.most: prominent ve:lna occur near Flobber Cove on Bgis Island, '

I-": - 1‘ L .
N Ajust south of Raymond Point /€P1. 40) and at Blunder Cove on Long Island

¥




of the Little Passage Gneisses

.other, and to the"Baie d"EdboiF

' .' defomtion of: the ‘cover but not by the “first' their 1ntruaion

(P1. 4=1); ‘The vein at{BI{mdezj_.Cot’ér‘has minor pyrite and chalcopyrite

.

mineraliz'at:ibp.
. % ., : ‘ ’ m
/  SUMMARY

-

Four groupa of igneous rocks we.re‘.intrt_xc_led after the formation

Their- observed relationghips to each’

)
- -

roixp and its deformations, are

)
Q M ‘ cor
. . b}

summar:tz'ed beloy: .-
. 1. The. Seal Nest Cove Tonaldte was intruded by Gaultois Granite .

a

a‘plites ‘and was deformed by D1. . : . ) - "ok

2. The Gaultois ‘Cranite was-intruded by diabase dylteé aud by’

‘c

o, - 2 . L wte |
garnetiferous leucocratic granite; it was deformed by both of the.-

defotmations. of the cover; xenoliths of Gaultdj.s, Granite, already

defofﬁzed by Dg., iwér'e 1nclucied in leucocratic grani.’te whfl.ch was thex;
de‘formed by D2. " o S ' Wt
.;. The diabase *famd dacite dykes im:tuded the Gault:ois Granite,

they vere deformed by both deformati,ons of the cover and ‘the dacite

1 R 4

dyke on Middle Island wgs intruded by l.eucocratic granite after D1 but.. ’

M

* before D2,  Similar basic dykes. and sills intruded the Bale d'Espoir-

Gropp. o o ..

4, The garnetiferous leucocratic granites (1nc1ud1ng the North iy

_Bay Granite) 1ntruded the Gaultois Granite, the dacite dyke on Middle

. Island, and the Baie d Espoir Gtoup, they were affect.ed by t‘.he eecond

Y . !,‘_

apptoximately coincided with the peak of metamotphim 1n the Baie :
'Eapoir Group; - . . E ) ‘ o "‘;‘,}

" -
- ‘ s -
. . t . A
» -



CHAPTER &4 '

s™ . THE BAIE D'ESPOIR GROUP "

. .+« -+ ~GENERAL STATEMENT

- The Baie d'Espoir Group forms the belt: of metasegimentary and -
metavolcanic rocks that lies ‘between the Little Passage Gneisses in
the south and the North Bay Granite in the nofth. Its outcrop-extends
°2 westwards beyond Facheux Bay where. it wedges out between/fﬁ; North Bay
'E and Gaultois Granites (Williams, 1971) Northeast of -Bay d'Espoir tBe
“ group extends across _the island and is equivalent to the Gaggar Lake .
Gro;p on the north‘coast (Anderson and Williamsa ‘1970 Kennedy and
McGonigal, 1972); in the two areas there are_similar litholog{gs,

styles of‘defo;ma on, and relstionshlps to the basement gneisses and -

intruding granites,

;-"..‘- ’ ) ‘\'.\

- ' ) 1

The age of the Baie d'Espo Grous is uncettain. The geologists
\
of th Newfoundland and. Labraddt Corpa tion reported finding a fossil )

1n black slate opposite the southern end o‘ Riches Island at the mouth 4

- -
'

of Little River (Dunlop, 1954), "it was sent . to”L J. weeks of the

G. S C. who héd Dr. Wllson section it and she found it to be of undoubted '

S

— . 1)

in and to be a- gastropod of Ordovician age, probably Middle_

brdoyicianf.. Shefldentifie msrie_sn.lfbunlop slso.renorted

¢ a A

part of a trilobite pygidiun ftom\"north“of Barasway de.Cerf, again in .

T

;.bleek shale. It has a late Cambrian'to ‘lower Ordovician aspect. but was '

4
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£

~too imperfect for age identificutlon « Incboth cnaes the rocka ‘where ”V"f

‘grade metnscdiments near St. Alban's.

© Middle Ordoviciap from several fossil occurrences (Jenness, 1963).

[y

-52

- o -7

these foasils were found nre at . the gnrnet grade: df metamorphiam.
¢

Anderson (1967, nnd a8 quoted in Williams, 1971) reported

K] v

finding &minoidal debris und th_ptelnamn in leas dcformed hiotite

Fl
L]

-If the Baie d'Eapoir Croup.cnn_justlfinbly be correlated with

the Gander 4Lake Group; the work of Kennedy and McGonigal (1972) would

. 'indicate a pre-Middlu Ordovicinn age. ‘They rcported fragments of

- -

deformed and metumorphosed Gunder Lake Group rocks in a mélange at thc )

base pf{the Dnvidsville Group;.che latter hds beeti dcfinitely dated as

~

A'rndiomeffic‘age‘hua been derived for the North Bay Grénite

of 573 m.y. % 40 m, Yo usiﬁglthe Rb/Sr method Dr. - R Cormier, (pers.

B

“cormm, 1913) The grnnice 1ntrudes thn Baie d! Eapoir Group andlso a. .

Precambrian age 1is implied for it, A full diacuesion of the radio*

.

metric age determindtiona 18 included in Appendix 2.'

-
e

v
R

Struccure, Metamo;phism and Stratigruphy

The Baie d'Espoir Group haa been regionally deformed twice

'(Dl and DZ) it haa been metamorphosed to between biocite and

sillimanice grade with the metamorphic peak generully occurring between
the first and second deformntions (MPl), but locally during (MS2) or
after (HPZ) the' ‘second defbrmation. The MPL metamorphic grade 18

genernlly higher close to the North Buy Granite. _Almost all the ‘rocks

of,the‘Baie=d Espoir Gkoup'hnve been 1nvortgd to form the lower 1limb

of a latge scale southeast facing F2 -recumbent fold, the Bay d'ﬁapoir
. T - s

Nappé; which-lléa in cqntacé with the recégftltuted llttle Passaée

g
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St B B '

. Gneisses along the ;ay Cove Thruat, the 1limb ;ength of this fold may

exceed 15 km,. A second major fault, the Big Rattling Brook Thrust -

runs\westwards from Conne River to beyond Roti Ste&dy where. it -forms -

the base of a.thrust sheet that overlies the North Bay Granite eontht.
four formations are teoognized, two south of the outcrop of

the ‘Big Rattling Brook'Thrust and two forming the thrust sheet‘itself,

' (Bee Fig. 5 and Map 2); The thickness quoted for each formation in

Fig. 5 is extremely tentative, structural complications, including

folda and faults, make it impossible to ulate ‘accurate figures. ;'.
This is particuiarly 80 gfzthé’fgi;/;;I;iBi:rmation where competent'
o . )
'_volcanic rocks -are separated by incompetent graphitio achist which in
. many "places has been tectonically disrupted, furthermore rapid facies
"changes wh;ch are.tre;eable\along strike in the formation indicate _“ . *
thot the originalfthlckness.wes probably’ very variable. '%
. Similarlyuthe original stratigraphic succession is not'certain;
The contact between the Riches.lslsnd-and'fsle'calet Eormations'is .

conformable, bdt that ‘between the Riches Island and St. Alban's '

:Formations is everywhere the Big Rattling Brook Thrust.‘ It is probable

however that the thrust dies out eastwards and that theee two fo

west at ‘the gfenite contacg-the

are also conformable; whereas in t

) throst superimooses;biotite gtede'metasedrment on'gran;te ond staurolite

’schist, at bonne River its importence_is 80 dimi shed that no nis-

.,tinction oan be mede between’the'rboks‘immediateli on’either side of it,
"The\relationshipfof the .Roti Steady and St. Alban's Formstions has'not

been determined but the.contact is probably a thrust fault., It is ,. . ..
marked by a valley in which there is no- exposure, ana across which there

/1 . ] . _l'_ .-v

Ko



) graphitic schist; metagraywacke

Basement . = /

|reconstituted gneiss

Formations - ‘ o Approx. 4
from NW ta SE / o Lithc"logy thickness Nflture of .contact
‘Roti Steady Fm. emipelitic biotite and 1300 m.
‘ graphitic schist K
: . - : : thrust’
v - @ e - °
St,. Alban's Fm. - {pelite; siltstone; metagraywacke .3000 m. BRBT conformable’
. Riches Is. Fm. semipelitic chlorite schist, -
- o psammite o . o 700 m. i :
: = "conformable
. 1Isle Galet Fm. acid and basic volcanic rocks; - 1700 m.-
e : 3000 m, - :

Day Cove Thrust

E 7 ' .v‘/_
\ o

Fig. 5. The stratigraphy of. the Baie d ESpoir Group.

- BRBT = Big ttling Brook Thrust,

!
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greenechist facles. It has been less intensely deformed than any 6f"

. 55
)

is a marked change in lithology from the biotite grade pelitea and

" siltstones of the St. Alban 8 Formation to the garnet—ataurolite

= . -

schists of the Roti Steady Formati(n.
In summar;, whilst the poaitiou of the Roti Steady Formation

is unknown,,the probable stratigraphic order of the rest of the Bale

d E?poir Group is the St. Alban 8 Formation at the base, the Riches

Island Formation in the middle, and at the top the Isle Galet Formation.

It'should be noted that this Bucoession ia based’ on,formation-contacts~

_that probably run parallel to the strike of the'original:depositional

.~eiope.-.No allowdnce has been made for facies changes across strike or

for diachronous atratigraphic boundaries. It is likely that the

different formations are in-part lateral’ equivalents of each other.
- ' _ ) | ' <

“

- © THE ST, ALBAN'S FORMATION

" The name, St, Alban's Formation, is proposed for the rocks -
that crop out along the¢entire coastline of Bay d'Espoir north. of the-

Big Rattling Brook anost (Map 2). Northweetwarda the fprmation-

extends inland as far as the fault that separates ic from the Roti

Steady Formation; northeastwards the limit’ of its ~outcrop has not been

_ determined. It consists of a monotonous succeasion of fine grained

distal flysch (Walker, 1967) and has been mildly metamorphosed in the

at

* the othet formations of the Baie d'Espoir Group; the first defotnation

formed sporadic tight to isoclinal folds'in,appafently wet sediment,
LR 4 . . ) .

and the second caused large open concentric folds and overturned most

of the rocks to £ pait of the lower limb of'the Bay d'Eepoiriﬁhppe.
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Litho‘iogz The format::lon conaists of fine grained flysch and

‘t:he ideal Bouma sequence is used to describe it (Bouma, 1962‘-Wa1ker,

C L '1965), the sequence is. shown' in Fig. 6. In the St. Alban 8 Formatipn

' ‘ division b is generally miasing and division a, if present at all; ' is
repreaented by very rare thin lenses of 3rit. , The cormnon 11tholog§'

19 1nterbedded light brown calcareous siltstone and- dark gray pelite N ' | -

(Pl. 42). The silt beds are generally between 3 and 6 cm. thick and : - . s

are separated by 10 to 60 cm. of pelite' they form divisions ¢ and d.

. They are well 1aminated with ripple drift lamination, minor slumping

and 1oad casts predominant; in the lower half of each bed (divi/tbn c)

(Pl. 43) . and parallel 1amination with microecopic gtading i t:he top
half (division d) (Pls. 44, 45), The lower part of the pelite may

.o . "also have indistinct’ parallel lamination and be’a finer grained variety

B : ' | . ,
of division d. Most of the pelite hap né aedimentary structures and'ia

\ g

cohsidered ‘to. belong to 'divisié .. Diviaioa b where it occurs is of
almoet the same grain size as the remainder of the siltstone beds but
- -19 recognizable as-a _division of parallel laminations overlain by the '

/ripple drift: la inations gr division c\. Around Brant Cove there are

d 1enses of gric at the basea of some- of the Bequences

[ - L5

_ which y repreeent division a. The claets are badly sorted, sub-

\“ .« an (r and up to 5 mm. across; they -are .of~ mixed lithologies and are L
_“set in a dark gray marly matrix. ‘ ‘ ' | -

. ' //- _ -~ In the eliffa 3 to the west of Morrisv:llle, a:lltstone beds occur - 'j

. K — . -

T ‘ ,that are up to 3 m. thick; apart\?r\Om\eome minor ripple drift lamination T
IO "they are massive and structurelese. In tmnwhilumped

‘beds up to 30 cm. thj.cl;;i extending .for distances of 4ot 5m \th\e\
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Bouma's typicat .
idealized : sequence -
: turbidite © . St.Albdn's
' sequence - Formation
\ R ' —— N e
. ,/’
pelitic division e : / .
A / ! i
upper.division of d ;—:—:‘\ ' . / :
parallcl lamlnatlon ,:‘;_‘—:—:‘ N 2% .
division of:,current ¢ / \\ s - :
~ ripple |amination / . y o
lower division of 5 S
parallel lamination. - S : -
- e coL
. T o
e -gr@dcdidivlsipn a ) - _
' /—): .
usually
—
e A‘_"}absent J
T3 ' -
(Te-e) e
Q;, [ . L ‘
ol ‘&

anB \Boumas idealized turblcmc scquence and a typical sequcncc

.~ from th¢ Sti Alban's F‘ormatlon

e
-
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present, inverted orientation of “the beds, the direct io 0of s8lumping .
1s towards the anthwest. -
. Carbonat nodules are common irr the St. Alban's Formation

occurring.in particular 1n t,he pelite; in. many plecee they Aare concen-
tre'tfd at one horizon and ‘everywhere they are inequidimensional in the

plane of. the bedding. Also occurring thrOUghout the format:l.on are

beds of pale green quartz-muacovite phyllite which. appear to hava no

genetic relationship to the flysch and may be of vo!'canic origin' they .

are rarely more han’ 3 cm. thick.

/ " Sedimentary structures on bedding eurfacea were not~ obaerved.
1if preaent, they ﬁ\le been obay.:ured by the tectonic deformation;\ s1 :Ls
genera,:uy wdbpa:nllel to ‘the bedding and the bedding surfaees are .

corrugated by its intersection with S2.

- 4

, Fabric. ; There are two fabrics developed in the St. Alban s

o

Formation, one related to each of the major deformations of the Ba:l.e

N

d’ Espoir Group (Pl. '46) The first one, 81, is a penetrative cleavage '

and is axial planar to rare tight to 1sqclinal Fl folds up to 6 m. 1n
\
amplitude" :lg;npm@: it is subparallel to bedding, - It is defined

N
_be a preferred orientation of. the m:l.cas in the pelites and the ‘more

o micaceous siltstones, the mica is generally muscovite, but close to the
. W\
Big Rattling Brodk Thrust the metamorphic grade during Dl was higher

an\d there has been growth of syntectonic biotite.“ There is no recog—
/ 1

nizable preferred orientation in the mica-poor beds.

-~

Tectonic dew‘htering structures (Maxwell 1962; Powell 1972)

are common wh.ere Fl folda occur" they arevparticularly well developed

on Man of War Head in St. Alban's harbour. Near the hinges of the folds -

»
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well laminated siltstone beds become chaotic and flow structures have:

formed.- The . ailtstone beds may be completely broken, but the broken

ends are rounded-and are not the result of brittle fracture. ‘There .
has commonly been injection of eiltstone dykes into the pelitic.beds-
.along the S1 cleavage planes (Pls. 47, 48), the dykes are about'5 to .

6 cm, long and 1 cm. thick. The dewatering features suggest that the

S1. cleavage was initiplly formed by mechanical rotation and has since

been enhanced.by subseguent crystal'growth.
The S1 fabric has been overgrown by MP1 biotite (pl. ~49) and
‘locally near the Big Rattling Brook Thrust by garnet, "south of Roti

Steady there has alyo been MP1 growth Qf potassium feldspar povphyro-

blasts. . Inclusion trails of Sl are common in {he biotite and- feldspar 4

e

‘but not in ‘the garnet.

-

_The second detormation {olde in the St. AlbadsiFormation are-
open and concentric with approximately flat;lping axial planes._ Within
.1§oo‘m,iof the Big Rattling drook.Thrust these folds become cloée'to ‘-
tight andlthe-thrust itself is probably of D2 aze. Throughout‘the St.
o Alban 8 Formation the 52 fabric in the pelites is a crenulation cleavage
(Pla. 46, 49) and in many places there is differentiation into mica—rich
Ll and relatiuely mica—poor bands' ‘the wavelength'of the crenulations~is
T "0.2 to 0.5 mm. Within the siltstone the S1 fabric 1s crinkled but there ;{«
is no metamorphic differentiation whilst in the very mica—poot’beds no
: recognizable preferred orientation has been developed at all either
during Dl or D2, Where the aecond deformation clervage or crenulation

is developed, pre-D2 biotite (Pl. 49) and potassium feidapar have been.‘

bent and fractured, and.garnet grains have augen.formed around ‘them. ‘

N i } R - sy
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, - Ciose.to the Big ﬁettling Brook-Thnust where the F2 folds are
-tighter, the cleavage in the.pelite is better developed and locally'e
penetretive Sznschie;osity hae been formed. In the siltf beds quartz'
has become eoneentrated on the crests of some of ehe minor folds ditn
‘alweveienéth of iese then 3 cm.; the gfains are coarser than elsewhere

in the bed and are. flattened patéllgﬂ to the schistosity. .

Petrograﬁhz.. The pelite beds in the greafer part of the St.

;:,

dnd: sphene° where the metamorphic gtade is higher near the Big Rattling

- -

Br.ok Thrust aboue half- of the mica is biotite. The-muscovite flakes

" arne: about 0.2 mm.‘across and define S1; they have been bent and partially
r cryatallized durinz the second deformation. Quartz occurs between

the mica grains as 1enses less than 0,05 mm, acress; it tends‘tolﬁe.

oncen;rated away from D2 microfaults and strain bands. Biotite is

.mostly présent as gcattered xenoblastic grains about 0,5 mhi'across!

which‘hevj grovn statically aftei the firefldeformatien; many grdins'
“contain S1 inclusion traiié and are bent by F2 folds. Close to the Big
Rattling Brook Thrust syntectonic biotite with a grain size of 0.3 mm,
has grown parallel to the Sl fabric. The pieochroism is from colourless
.(X) to slighkly reddiéh browm (Y Z). Pyrite occurs as xenobla;Eic.
grains which have grown interstitially and are about 0.5 mm. acress.
IGraphite is locally disseminated ahd detrital sphene and’ zircon occur;
The_siltséone beds eensie} of quar;;’(40 per cent),’ calcipe"

(30 %e} cent), mueeovite (20 per}cent), pyritea Bintite,_grephiteb -:"A

‘ . . c _ : , . '
zircon, sphene, and locally garnet and potassium feldspar. The quartz

60
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ubangular grains less than 0. O mm. ac>8\ 1n

m
a calcareous matrik. The muacovite flakes ‘ efine\SI in the more\
micaceous ailtstone beds.are up to 0.1 mm. in length. ﬁ&xite aggregatea . l’ci

up to 1 mm. across are espccidlly common wheré'DZ micfofaults in pelitic‘.-o my;//
. beds extend into the siltaccdha. Biotite has locally overgrown Sl and /k,z/yﬁ/'
on‘the hill south of Roti Steady potaaaium feldspar grains up to . (5/hm.
acrosa also enclose it; the lattér have been polygonizi///nrfﬁg the L o
second deformation. Idioblastic 3arnet porphyroblaata ‘up to 0.8 mm. in:; ‘
diameter occur in massive siltatone Just Bouth of Frenchmnn 8 Cove,-
. they contain inclusions of quartz grains. which are clustered in ‘the
| ‘centres of the porphyroblasts, and graphite, ‘which forms six—rayed E ¥ - .
stars, 52 forms augen around the garnet. .-
P The beds- of grit near Brant Cove contain a variety of aubangular,
‘%/fpoorly sorted clasts 1n a marly matrix of about 0.2 mm. grain size.’
Tce clasts consist of fine‘grained calcite (30'per cent), very fine' -‘.' -
grained psammite with a Blight pre—existing fabric (30 per cent), baaalt
© or diabase with lath shaped plagioclase phenocrysts up to 1 mm, long l
(10 per cect), and pelite with a pre-exiscing penetratiwe cleavage and.

> B . . ~

a crenulation cleavage continuous with S2 in the matrix (10 per cent).

THE RICHES ISLAND FORMATION

—‘/’/—‘—

.”’EEE;EEEE;,RichéE/iclaad Formation, is progdsed for the meta- - a

aé&iﬁénts that crop out aouth of the Big Rattling Brook Thrust and
north’ of the metavolcanic rocks of the Isle Galet Formation, in the
west it is intruded by the North Bay Granite (Map 2), The coarse mica

schist occurring where the granite contact reappears northwest of \



N

. - \
St. Alban's may also belong to this formation, -

) There are four principal ith ogies which, afqthe\garnet grade
of metamorphism, are: 1. pale‘gre n semiselitic chlorite sq&ist with
thin quartz-garuet beds, 2. black graphitic and pyritic-quart ite, 3.

r

gray psammite, and 4, gray and brown mica schi;t° an isolated o tcrop

- of amygdaloidal basic volcanic rock ‘occurs on Riches Island. The

stratigraphically lower part of the formation, north of Roti Bay and .

g

beneath the Big Rattling Brook Thrust, consista principally of semi~-
pelitic chlorite schist with gome interbedded graphitic achiat and
thin bedded'psammite the middle part, cropping out east and west of

\

Roti Bay, is composed of psammite and mica schist; on Riches Ieiand,

eastwards up Little River, and westwards on the north\half of Bois

——

‘Island, the upper part of the formation conaiata of semipelitic chlorite‘ i

schist witzysubordinate graphitic quartzite.

‘Thgl Riches Island Formation is more‘inteneeif deformed than

the St. Alban's Formation. Evidence of the first deformation is

preserved as a\;iPistosity in MPl borphyroblaets and in microlithons

betwaen SZ strain bands, rare Fl-folds occur as detached isoclinal

.closures in thin.quartz-garnet beda. F2 folds are tight dr isoclinal

and S2 is either a’ penetrative or a differentiated crenulation

-

schistosity. Close F3 folds. overturned towards the north are locally

common and in-a few places the fracture claeavage associated with these'

folds becomes a crenulation cleavage. T ‘ :

tamérphiam of the Riches Island Formation varies from S




BN

. ’//to staurolite grade witﬁin~3 km. of the North Bay Granite, rare

. oo - ) . . . 63,“, )
. . ~_:__J . ) . . P \ .

3 c. S

sillimanite ocCurs in the 'schists within 100 m.‘of the contact and :,

kyanite is present in the contact,zon northwest of St. Alban 8.

Semipelitic Chlorite Schist

' ’ . N o : , - . , . .
Lithology, Just south of the Big Ruttling Braok Thruston'the
- . v 3 N ‘Q .

east side of Bay d"Espoir, the Riches Island Formation‘haa only been
4
metamorphosed to biotite grade. The chlorite schist occurring,in this - —

_______4 NN
S

area is a gray phyllitic rock*wifh a few thin beda\of brown siltstone

_about 1 to 3 cm. thick., It has a good S2 achistosity, but is otber—

v

o Whee similar to the tocka,pf'the St.'Alban‘a Formation,

3

.-pebble beda. the subangular quartz pebbles are up to 1 cm, across and

P

. Southwards and westwards the metamorphic grade increases and

thé rock becomes a paletgreen, fine grained, garnetiferous chlorite _
. : ' B ' , ' ‘ . » R “

schist, - Thin quartz—garnet beds about 1 cm. thick are common (Pl. $0), . °
" . Y . -

o .o, . f . . - . A ) 3
generally being separatedfby 10 cm. or more of schist; on Riches Isldand-

.

one such’ bed has an excepcional thickness of 2 m. :Also occurring in
the schist are quartzite ‘beds up to 5 cm. thick and.rare poorly sortéd ST
lie in a matrix of schist.

Towards.the contact with the North hay Granite, the grade of

.
1 . * . R . K .. °

«
$.

rﬁetamerphism increases and the schist becomes medium grained. Porphyro- *°

blasts of staurolite up to 1 em. 1ong are developed. Chlorite 1s,
absent and its place 13 taken by biotite giving the schist a brown ~
colour. ‘ .o Ty . .

Fabric. In the biotite and garnet grade achist, the Sl . . B

schistosity is defined by a preferred orient tion of chlorite, muacovite,



and inequidimensional grains of 9uartz and éraphité. fIt_haa been
- overgrown post-tectonically byvpornhyroblasts'of garnet. (P1, 51) up - ‘

. ]
to 05, mm. across and chlorite (Pl.” 52) up to 2 mm. long; the65<heve

ha ) PR

preserved'the fabric as straight inclusion trails.

i -
=

" / Mesoscopic FZ folds (Pl. 50) with a waveiength.of 2 cm. and

h ‘s

upwards are common in the quartz-garnet and quartzite beds and a
. u» :
-crenulation schistosity hasg formed in the schist, with the maximum '

strain occurring on the hinges of the folds. In some places the ) N

quartz—garnet beda have been ptygmatically folded; and the 52 schistosity PN

) forms augen around them; these folds may have been initiated during’the
. Y. ‘
first deformation. oo S ‘ - ) o

The SZ crenulation schistosity is undifferentiated on the limbs
of,ﬁ?e F2 folds and there are only a few microfaults, Sl haa been N
crenulated (wavelen§th 0 3 mm.) ~and there has been further growth of f?
mica and chlorite parallel to SZ during the second deformation, locally

'forming a penetrative achistosity. On the hinges of the mesoscopic F2

a -

.folda the strain was more intense and there has been marked differentiation
with-concentration of mica along microfaulta and on. the. limbs of
crenulations@ The Sl fabric is, in moat places, preserved in the quartz—

“rich centres of the microlithons, but where the strain was most intense
Y
the mica-rich domains are wider and may amalgamate to form micaceous

\
strain bands 1 cm. or more wide.

-

o The S2 schiatosity forms augen around the porphyroblasts of

)

‘garnet and chlorite (Pls. 51, 52) and generally is" at an angle of 20°'

‘or ‘more with the included fabric.

- . . t - - ~

The-third deformation has caused kinking in tha micaceous bands

Y

-

-
— - . v

~
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but where Lhere hnn bpen ltttle ur no. Dl metamutphlL difrerentintion,

“

At hnn hot affected Lhe ptevluun fﬂbrlL.' 1he kink bnudéj?re'about

0.5 moy deruss sud form an aiple”of 07 tw 00 with 429 the mich has
fpcyyﬁtnj]lngd'nnd there has been minor JiFferentiation.
D B

*The quart2-paruet heds vary from mdderately micaceous tu mica-

)
0

_Frees 1 Lthe micaceous™beds the 51 Fabric la Wlethvpluped and ip
"' “ v * ’ .

'UVngruwn-hy vivaters of tdtoblastle gnruet. Whﬁ 81 fnbtlv has been .

vnpnnlntpd duting the aprnnd dofulmntlun buL manoranlLlng nmd

. diftotpnflnllnn have only uvvnlled nL th ddnen uf the hedn wherp micn

N '

Cand vhluallp are pnttlvnlnrly vunupnltnlod. In thn micn»fﬁee qnnrtn~ .

- !

parnet hedn. f pn]ypunql Lextunp wan futmed jn the quanz during the

Fiyat dpfuamnt(nn nnd lhpxp was atnwth of anrnet and ainor vh101ltp

Intnlnlltlnlly helwnen lhp pulygunn whtch are genevnlly nbuut 0,1 ‘-
- o .

auvtwan tlie ascond derurmntlnn cnueed'alrulued extlnutlun nnd the

. I3 - Q f . .
development ol a ducnunnt@ texture In the tuarly on Lhe cresta of F2
folda,  The qunt!rdhnrnat beda that were ptygmqllcnlly Fulded nud

’ nuh]prlml lu Hte By onLeat AL ly dm tnp the second deformatiow have

|UM9rpune:u|nnnnnlhug|vvrynlnlllmn.unu Annon1pd quarty pralon nrq

" -

up Lo 3w, acrors mld thg (1} pulygmml toxture lnsprbnmwsd wllhln
®

thnm by an lnulndvd web of NPI vhlnrtrp naal parnel (PI. 51, Bnbuvqu#nt

Tateain, pnnhﬁ%ly unnnvlntvd wlth thu thld dvrnlmntiun lun caured

nudnhmn pxtlnvthm and pml 1al pulypmml bl‘unluluwn ol llmm- ‘m‘nlnn.

\ -

. Where Lhe mvlnmmphh' pradn Wi |\iul|onl (Iu&w Lo Ll\?:)llh Bay
1 { , ”
Grunitn (hu nvhlnl Ln mndlum‘tu COAYRe grnlnud. 1he'81 b Te in
N 4, )

ﬁehdlnnd by. blot {te aml munvovltu nrnlnn ap Lo ltmn. Lung{'uh]urlb« {n

- Y

4

rnrnly present, Garnot pn:phynohlnmln utv common nnﬂ e ovetrgrown by

v
[ 9 - "}} Y :
PR .
! .

" . o N : . . [N ‘.
. B . . .
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\\*7‘:\~\\\\poikiloblustic staurolite with straight inclusion trails of quartz

\defining Sl (Pl 54) Fibrolitic aillimanite had formed by the

T~

-bteukdown of biotite and muscovite in the schist within 100 m. of the

r ..__ 'grnnite (Pl 55) S2 ig a crenulation;schistosity in whichrthe

o

. crenulations have a wavelength of 2to5 T, and the micas ure re—

- / crystallized. the schistoaity forms ‘augen around the garnet and
. _stnutolite porphyroblasts. Thg_groundmasa is granoblastic and the
- ~-lquartz‘hns embayed grain bounduries.: The age of'the sillimanite With
k re;;ett to.the seeond deformation is not cgrtain but. it io'moet likely‘
A to be pée-tectonic. In the schist at the 3ranite cohtact northyest of

v 1
,~~— St. Alban's, kyanite occurs parallel to S2 (Pl 56)
A Petrograghi. The quartz content of the-semipel tic'sehist is
- e
. " generally about 40 per cent, decreasing’to less than 10 per cent in

' mica-rich strain bands; muacovite and chlorite make up most of the rest

. id biotite and garnet grade rocks, but’ at higher grades half of the
: ' mica is biotite nnd chlorite is absent. Garnet and staurolite .
porﬁhyroblasts rarely form more than 10 pen cent of the schist although

'S '
et beds may be more than 50 per cent gardbt. “Accessory.

‘._

the quartz-gar

Chlorite occurs in two forms, as xehoblastic flakeyzin the
s mntrix of the schist, and as large idioblastic porphyroblasts (P1. 52)

'V' o both forms it 15 pleochroic from colourless to pale green and has

except for the few giuins in the staurolite schiet which are .browm. -

'The porphyroblasts are aboyt 2 mm, long and have a preferred orieLtation.

{‘? L r

pleochroic hnloes' it has anomalous blue and purple interference colouts“'

B
SR

e
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They'have'Sl inclusion trails of quartz, muscovite and'opaque.minerals,
: I
and there are generally thin mica—free zones of quartz adjacent to thnk

: (001) faces. The grains generally have’ polyaynthetic twinning phrallel

»
i

to. (001) and-sqpe have been kinked during the second deformation.
. . . e . T
' Biotite also has two forms. In most of the'garnet grade gocks,

1t has only growh as xenoblastic MP1 poikiloblasts, but locally’ 1t ‘has
.gvown syntectonically in the D2 strain ‘bands and in the staurolite gnade
‘rocks it defines S1. 1It has'a pleochroic scheme of colourless x),
.light brown (Y), and dark reddish hrown (Zj‘ '_

. ¢ N .f co The gaf"f““rphyroblasts vary from xenoblastic to idioblaatic

-in the same thin section. The xenoblastic grains are generealy dendritic

’\\\ . =~.. ‘and tabular parallel to the included fabric, Sl Amalgamation of grains
2 " I N ] - .
\‘ : N -
: .1s common.. Most of the garnets contain\gfaphitic inclusions defining-
o~

Sl (Pl 51) or, vhere Sl is poorly developed forming gix~-rayed stars
(P1. 57), in the staurolite grade rocks many ?f the garnets have single
biotite flakes in their centres on which they have apparently nucleated

. - :(El. 58). The rims of the\borphyroblasts.are generaIbrfree of inclusions.

' , . -8

The staurolite ﬁor‘rroblaata are idioblastic and up to, 1 cm.

P '’

long; they have diamond shaped cross-sections and cruciform twins. The

crystals are crovded with quartz inclusions defining Sl and are faintly

K

pleochroic from colourleas (x) to pale .straw yellow (Z)

Amongst theAless common minerals plagioqlase occurs locally in,)
P . o -
the fine grained groundma t rarely has polysynthetic twinning. \

R Tourmaline 1is commonest néar the granite con where it occu

N h '. :idioblastic needles and is pleochroic from colourless (e)‘

-

greenish-brovn-(o).- ;‘*.
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_Graphitié. Quartzite
Lithology. On Riches and Bois Islsnds there are beds uﬁito ‘
50 m: thick of very fine grsined, jet black, gfppﬁitid quartzite .
within the demipelitic schist EEZcessioh. The quartzite has s poorly

L : N ' : o
- developed cleavage which is only:seen on weathered surfaces and in-

"thin section; individual ‘hand specimens sppesr.to'be massive and may

.even have a conchoidal fracture. The rock weathers to a distinctive

-

ﬁeep red-brown célour.' Soqe of the quartzites contain amphiBole . o

rosettes and north of ?lqbbEr Cove on Bois Island a graphitic rock

-
-

consisting Eﬁtirely of medium-grained amphibole occurs; the rsck.is

~

pprgss and it ig assumed that the amphibole crystals were at one time

held togetﬁer‘in a matrix that has since beeP dissolved.

‘1.

Fabric. The 51 fabric is defined by a vety.fine scale banding’
[ “ . . a0t

of graphite in the granoblastlc quartz matrix, Where muscovttexand

biot%fﬁ;are present, these.ha&e‘h preferred orientatioh parallel to the

_bsﬂding of the graphite., The fabric is'overgrown by Phasettes of

-

-~ amphibole in- whi\\ graphite inclusion trails are' prese ed. In the

more micace0us rock the second déformatLon hns caused some flattening

™

A

of s1 aroundfthe amphibole graine, but generally the rock. 19 go massive

thnt SZ is only present as a' fracture clenvage.‘

PR

Petrography, In most’ placcs the gruphitic qunrtzite consists

\,
s,

of quartz (80 per cent) and grsphite with minor mica (20 per cent). Jhe

gra;psise ie_less than 0.05 mom, nnd_the texture‘is polygonn};'quartz

- pegregations océur in which the.grﬂins are‘up to 0.1 ﬁm;.sctoas.

The amphibsle rosettes are up to 5 mmy across and/ate-composgd
. ; . ‘ e o T

8
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of acicular crystals radiating from a centre. In hand specimen they

»

< N appear black because of included graphite but in thin section they -

"are. colourless.l The maximum extinctign,angle Zhc ia '14° and the 2V

is about 80° and negative; the amphibole is probably tremolite. it
Id

may be altered to a clinochlore variety of chlorite which is. colourless,

s

has -first order gray interﬁerence colours and a very small 2v, °

@
E

Pgammite and Mica Schist

Litholo The belt of psammitic rocks that extends along -

strike from Roti Bay and occupies the middle part of the Riches Island

Formation varies in deteil from mica schists to quartzite and iﬁkludes

I

some typical semipelitic chlorite schists with quartz-garnet beds.
+ °  The division is, however, dominated by beds of psammite varying from .

3 cms to 5 m. in thickness with sharp tops and bottoms and. faint

-, _ . laminations, The ‘beds are -separated by semipeLitic or pelitic mica -

- : schist’ (Pl. 59) which hds a banding on.a 1 to 3 mm. scale. The schist
K ‘ (o beds are generally less than 1 m. thick in the north of the outcrop but

southnards around Roti Point they mAy reach 30 m,.in thickness.

Lo A badly'sorted pehble bed;, 2 m. thiék, and containing'qqartzite4
. *e. ' clasts from sand size up to 3 cm _across occurs at the mouth of Roti .
P [ : o w

. I Bay. The clasts lie in a matrix of semipelitic biotite schist; they

are moderately rounded and flattened parallel to SZ

- C
&
3

¢

(i; - - *. Fabric. The penetrative schistosity in the ﬁsammite is- defined’
N by avmoderate to goad, preferred oriengation of nica end chlorire. It X

"’. 2 . is overgrown by poikilobﬁastic garnet grains.and is therefore comcluded
\g;i ‘ ' X to be sl. SZ is represented by a fracture cleavage in the axial zones ’

1‘.1-h " " * . - : T




of.FZ folds; it hao caused}little reorientation of‘mine:ale. The

quartz matrix in most of the psammitic rocka is polygonized and éernet
hoa grown eround tne'polygonalrg;gins.' wnete an S2 ftactute cleavage_n
, j?e developed, there has been reeryatallization'of the Que:tz during D2;I

. . {
a coarser.grained, moderately well developed, polygonal tekture has

been produced and individual grains of quartz inciude-garnet that still

4 o

outlines the D1 texture. . -\\\\“

There 18 a gradation'from psammite to mica schiat. "In the more
'quartz—rich sbhiats, the S§2 fdbric which iq’generally defined by

"

muscovite and biotite te a crenulation schistOsity, but as the amount

v

of nica increases it becomea‘penetrative; there id%;: significant

metamorphic differentietion. sl ih:oresefved as indlusion trails in -

garnet and chlorite'pouphyroblaeta aroiind which S2 forms :Efen. The

quartz\ in thesschists is generally inequidimeneional‘End aligned

~
.

The third defotmation has locally caused crenulation
, ;

of 82; ‘muscovite griins which have grown across the schistosity may

parallel to

be related to this deformation. . - §

Petrography. The psanmite‘EOnaiBts_of up to 80 per tent quartz
.with minoerusdovite, biotite, chlorite}'and garnet. In tne semipelitic

and pelitit\achists, muacovite and biotitegare present in equal

’proportions whilst chlorite-is of minor importance and 1is’ geherally
N 0 //.
restricted to thin -quartz {ich beds. 4
B c ; / .
The-quartz grains . are'everywhene‘iiss than 0.1 mm..across, they
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’-':’;

'from colourleés (X) to pale green (Y and Z) ‘and has onomalqus‘b{ue and

purple interfe?%nceﬂcolours.

71

- . L
]

‘0.5 and'l mm, Muscovite also“occurs in aggregateE'which are about 1 mm,

across and have augen formed around them by 52 (Pk. - 61). Later muscovite
flakes growing across 82 are up to:2 mm. long. Biotite is pleochroic o
‘from pale brown to dark reddish-hrown.

Locally chlorite partially defines S1 in the psammite but

o

generally it occurs as unotiented aggregates at the edgee of quartz—rich

beds. It also forms idioblastic porphyroplasts about l-mm long, that
. &£
include S1 and have .augen formed around them by 52. It is pleochroie

[y

. .
4

Garnet grains are- Bkeletel and interstitial in the psammite,
forming webs up to 1 mm. across With included grains of quartz. In ‘the
schiete the garnet s subidioblaetic and the grain nize varies from

0 5 to 2 mm,; the grains contain graphitic inclusione defining Sl.
1 \ \'
L Y] e T ‘ . *

.

'the opaquc miner

Volcanic Rocks N
A3

'Litholoﬁz. One occurrence of volcanic rock was found in the

’

_ Riches Island Formetion. It i§§on the east siée of Riches Island and

is assGciated with a belt of graphitic quartzite., .The rock is a dark
. B . . A N ° : .

gray, fine grained, amygdaloidel metabasalt occurring'in a flowlm,
thick. The amygdalee are filled with cnlcite. they have been flattene4

in the plane oY 52 nnd stretcheg pnrellel to the F2 fold axes {PL. 62)
. »

Fabfic.. The §2 febriq ia dof%nea by hiotitc, ond a banding of’
and plngioclapa in tho fine grained groundmnss. -
The biotite,occuts in pntchea ané streaka nbout/s mm, adcross, and the

-

sttenkineae hae been onhnnced/by minor mat morphic aogregotion. F2
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‘intra/folial folds are locally preserved by“an en ec elon arrangement

of tLe grains. - S LT " u \
e Petrography. The metabasalt consists of plagioclase (40 per

'partially polygonized Rare, larger grains of plagioclase (0 3 mm.

Little Passage Cnelsses along the Day Cove Thrust . (Map 2) The .-

.of metasediments of marked lateral inconsistency. ,Ihe principal

-

cent), biotite (30 per cent), iron oxide (10 per cent ’ chlorite (10"

per,cent), and quartz (10 ‘per cent). Amygdales 11 ed with ca‘laxl.t:e

| locally form 30 per cent of the rock,

The plagioclase, quartz, and. iron oxide fo a very fine

grained groundmass, in which the ﬂength wi_dth ratio of most grains’ ‘

AR e
18 10 = 1 and the length is rarely mor‘e than 0.1 mm. Quartz lécally

forms segregat:ions in which grains are-0,2 mm. acr6bs, strained, and

.across) have survived the deformation" they have .albite twinning and

the composition is a5 (a X! Ao_1d=-25 ).
e . o , , g Co , :
Biotite occurs as flakes up. to'l mm. long; it is dis’seminated :

a

N +

13

in the groundmass or concentrated in. aggregates. is pleochroic

from pale yellow.(X) to deep yellow-brown (Z).. SR C
/ . c v y

.o
1 N -,

~ .. THE_.ISLE GALET FORMATION S S

crop out to the south of the Riches Island Formation dnd overlie the
Q . \ 2

N

formation is dominat&d by metavolcanic rock,s, principally acidfo:rystal

tuff or quartz porphyry, and amphibol:lt¢. It inc.ludes a wide -variety

- T

metasediment is ‘black, -graphitic and pyritic, se‘m:lpAelitic. sohisﬂt, ‘with

. The name, Isle Galet Formation, is proposed for t.he. rocks thaf‘ﬁ .



: poorly sortedh"subangular frangnts; t:7y a restricted to the eastern.l

. I .
. 73
] . i 1

%
L] e i

subordinate green semipelitic chlorite schist and metagraywacke, one

:' bed of siliceous marble, 10 m. thic , was’ ound east of Sndok's Harbour

©oa

.9

oh_Bois Islandf The coarser Sediments are enerally polymict with’
. Y . . X -

o~
part of the area around Barasw y de Ceff and the east end of Bois *

\ [

Island The contact of the Is e Galet Forma tion with the Richea Island

. < :

L4

,Formation is conformable and gradational over a distance. of 100.m.; 4t

-

is chosen where black graphitic schist becomes dominant over green

\ Y s )
chloritic’ schist and roughly coincides with the appearance of substantial

TNy

amounts of volcanogenic rock f

i T

The*cks of the Isle Galet Formation have unde) oneboth of t‘ne

main deformations of the Baie’dzggpoir/Group. Enidence of the first

o -

deformation is preserved locally asg’.an Sl schistosity;where the 82 B :

. -

' schistosity is poorly developed, on F2 fold hinges, within D2 microlithons, .

or in MPl and MS2 porphyroblasts. The second deformation has caused . __ -
. ‘ . e DR e SEEEEC ;

B

" tight to isoclinal F2 folds and‘an LS-tectonite fabric ranging from a

-crenulation to a penetrative schistosity. TectoniC’displacements have

taken place during D2 and.probably during D1 in the incompetent semi-

;pelitic members, which in many places separate’ layers of igneous rock;

‘the_Day CovesThrust 1s marked by one sach;semipelitic schist which has-

o

becomeia_tectonic mélange and contains fragments of reconstituted ..

Ay

basement. Prohablé.DQ slide{éones'are present in some of the acid

igneous rocks themselves ‘and are nArHEd by coarse muscovite schist,

"
.

least at "garnet grade. 0ver most of the area the mesamorphic peak yas

MPl, “but around/Simmond'sBaraswaythere was Msﬁ garnet growth 'At

' m

. N —
Y ' L ’ :~ M
" . : PR
v - - M ‘

The netamorphism of the'Isle Galet Forhation is everywhere -at s
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!

\ overgrown by:MP2 staurolite,

. ‘

\Aeid Igneous Rocks \\\

\ 1
d .

Lithologx In most places the acid igneous rocks of the Isle e

\//.

\alet Formation have been so deformed that it is not certain whether

they were originally tuffs, !lavae, or even hypabyssal intrusions. o

" Many of them are'definitely crystal tuffs and none of them are clearly #

.o . v :
£lows of intrusions; for the sake of convenience a tuffaceous origin

is assumed in the nomenclature used in the féllowing ciescription. ’

)

' The tocks c‘harbctér,iaticaily'eontain evhedral crystals up to. > mm.

across set in a fine grained matrix. In most places the matrix is

quartzo—feldapa‘thic with varying developments of sericite depending on

" the degree of te tonic deformation, ih some places "however the matrix

r

vi
’

is micaceoua and the rock grades into a schist.

L4

The quartzo-feldspathic, variety generally occurs as massive '

\unbedd/ed sheets (P1., 63) between 6 and 100 m. thick, in places forming
continuous outcrops for several kilometres. - The only parts of the’
rock that sliow any bedding are lenses of lapilli tuff (Pi.; 64) occurring

1

within the sheets eaat" of Flobber Cove on Bois ’Island' ~«and jt’xét to

~ the west ‘of Rnym/t(d Point on Long Iskand; the 1enses are up &o 1 m,

thick and have gradati'onal boundaries. The lapilli ccnsist of similar

LY i .
‘material to the surx;ounding rotk and contain rare euhedral phenocrysts

! ]

(PL, 65). - They are aubangulur and poorly Barted, ‘and may be up to 2 cm,

.two times by tectenic flatttning. Daformntion hd’s imparted an excel

“
15 B ¢

‘ .‘. A' . P . .' , . -

-

et
— ;e
-~
L3

i

’

.ncross in their 1ongest dimenaion' thia 19 however, exaggemted up to// ) -
" !
en
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- to the Day Covh Thrust where therq;has been mylonitization and an

\

schistosity to_the crystal tuff (Pl. 66) and the schistosity surfaces

are coated with uscovite and locally dotted with lensep of biotite,

-

-1 to 5 mm.. acrosgg . gen have formed around the crystals except close'. .
o / K \ . ]‘
t.

.

{
even-grnined texture has developed. Prominent- jointing in two direc&ions r
|

—

|
at right angles and perpendicular to the boundaries of the sheets causes i

-

a cast‘llated appearance in cliff faces. Ihe rock weathers white

;except where it contains sulphide minerals as at boppe or Little-

Copper Heads.on Bois Island; in these places it is-a Bty brown or -

. . . /.

locally malachite green.. It is- resistant to erosion and forms high - '/y
|

cliffs and headlands from Simmond 8 Bsrasway along the south coast

of Bois Island to Western Hesd, and from Dollsnd Bight to PatrickJs

~

Harbour. ‘ o _ : .
On Isle Galet, Brimball Head, and'to the southeast of Ray*ond
Point, the quartzo-feldspathic tuff is intimately essociated with and

grades vertically and laterally into gray micaceous crystalituff,

““Fhe tuff 1§ crudely bedded and there hhs been slight sorting of g
crystsl fragments the sorting was not sufficient to form graded o f N\.
°bedding and other sedimentsry structures are laoking. In many places A \<;

'thc tuff has a slightly cherty appearnnce and cleavage fragments are
brittle, thin beds up to 4 cm. thick of well laminited chert are ' "

»

common., .

Fabric. The fabric associated with the first deformation is

. ! N
.enerally not preserved because of overprinting by S2. An exception

<15 on the hinge of a 1srge isoclinsl F2 fold southeast of Raymond

Point in a sheet of quartzo-feldspathic crystsl_tuff; SZ is only o /



moderntely ‘de\(eloped in the core of the fold. Sl is‘—defined by

' _muscovite and a slight dimensional preferred orientation of quartz

-

/’ o W and feldqpnr in the matrix; 1t ia developed at and 'parallel to: the
. N I edgen of the sheet cmd can be trnced nround the fold hinge. MP1
. P ~ . ":' [ »

porphytoblast growth -L8s (genera]._ly lacking in the acid'tuf fs because

-

. they are of the wrong |composition for the formation-: of garnet, the

principal HI’l mineral. iIn one band of micaceous tuff near Flobber

»

]
Cove on Bois Island { 12‘ 67), the 51 schistosity defined by muscovite

\

* - and elongate qunrtz and Eeldspar grains has been\ preserved in MP1 and
;a and 1is also ovetgrown by MP1 biotite,

MS2 ‘albit‘ porphyroblas
Rad
T

The S2 fabric i}a almosdt everywhere well developed and along

-the southern shore of Eny_c_i EBppit‘ is asgociated with a stretching

lineation parallel to‘t‘he. F2 fold axes. This 'lineétion' is rarel);

. - - N ’ ' . . - N
- geen further north but stretching in the same direction is shown by .

.

_the lapilli tuff east of Flobber, Cove., S2 in the quartzo-feldspathic
tuff i‘s'defindd by muscovite and inequidimeneionnl quartz and feltﬁ%ar;A
the lineation is defined by a alight atretching of the crystala which

o ) is accentuated by the augen formed around them, Biotite occurs in

lensea with a longcat dimcnaion of between 1 and 5 mm.} the 1enaea lie i
. \ o
in the plane of §2 and nre elongated pnrallel to L2. The quartz and

feldspar in Ithe mntri_x may hav'e a moderutely polygonal texture, but
. . . ' 4 [N K

\

in most places-a slight ribbon fitructure 18 developed. Altheu'gh‘the .

ry'atalihave' locally -béen broken dovm' into poiygoﬁa—l aggregates, nlb-

_ nost placee they htwc survivc(l th? deformation intact.]

§ ! ]

e

A *  The micacecous tu[fﬂ' havd a much more prominent SZ fabric

, ' f i

because. of thieir compoaitioq. The penttrative schistosity is defined




-

3 schist. There are however zones of 'intense tectonic degradation in

77

-

" principally by muscovite with small amounts of biotite o’ccurring' o

\.

mos\tly in microscopic lensgs. Lenses of quartz, feldspar, and ca‘ﬂ:itei
are alsorcommon; like the biotite lenses they have dimensions’ of a few
millimetres, a_re.flattened in the plane_.ﬂ)f S2 and are elongated paral-

. -
& ‘ [

lel to L2. There 18 sporadic’metamorphic differentiation. Where'there '

’ -
has been extensive growt:h of MPl albite porphyroblasts, these have L C
hindered the transpoaition of S1 -ard the aecond fabric 18 nd: more than b

[y

! -~

a ‘crenulation cleavage. The quartz and feldspar in the matrix of the

\ ?

micaceoua tuff does not generally show riben structure and may have

& v i . N
t

a polygonal texture; mnny of the crystals retain some semblance of

thei: original subhedral outlines in the sheltered tails of augen,

. 8 . T :
Close to the Day Cove Thrufm most minor thrusting and sliding
A . - .

in the Baie d'Espoir Group has occurred in-incompetent semipelitic o

the quat‘tzo-—feldspathic tuff most notably,‘at Patrick's HarbOpr on

Long Island and in the cliffs north of Dolland -Bight. As far as ‘can
/ : .
be determined the deformation was of D2 agey- The rock has been reduced

4

. to a'coarse muscovite achAis_t with a '3 to 5 mm,’ .t_e,ctonic banding and . '

1

numerous isoclinally folded guartz segregations; the muscov'ite which

/constitutes only alzbut ‘20 per cent of the rock forms an .‘anast‘omoaing‘

L4

. . A. : . L. . - . L & '_ .
'schistosity between knots’ of quartz and feldspar‘ the latterevary

. n

grea’tly in grain size but generally have a good bolygonal texture, - -

i
0

Evidence of the third defomation is pressrved where da banding o
\ k]
fs developed %\the micaceous tuff and the intensely 7tonized zones AL

of the: quartzo—feldspnthic tuf €. Generally only a sl ght crenulation

s developed but in some places there are microfaulta and minor



” . . E . e . . M ! v,
metamorphic differentiation. klere 18 S transposed by S3 in the: o

A Y

)

Isle Galet Formation. -

Petrography. : About 20 per cent of-thé quartzo-feldspathic ., =~

tﬁff is composed of crystals' about 140 per een't of theae ar"e-qqa':?t_‘z'. ’ ’
and 60 per cent microcline' plagioclase iar rar;.. The .mat'rix in tne - 'i’a.
: least deformed speoimens contains quartz (30 per cent), microicline .
{30 per' cent), plegioclase (20 per ce‘nt), muscovite (10 per cent), % .
—
and minor amOunta of Jbiotite, chlorite, pidote, zircon, and opaque
'minerale,, principal_ly sulphides. The amount of muscovite increases
!at the ekpens'e or t};’e:felespars with_increasing eefor;mation.
’ ' The leaet defotmed specinrené of this’ rock are ﬁoanci in the
. core of ‘th‘eazs’oclina]_. fol:d 160 m, ao&thweat- of Raymond‘Point. Tlae

~

cfystals retakn most of, their originel out:linea. The quartz crystal‘a

3
are commonly bipy amidal and up to 2 mm, across (Pl. 68); many of -the
f

corners are slightly rdunded, and deep, smooth, vermiculer eqabayments

‘

"filled with fine gl\ained quartz ,and feldspar extend :[nto some of\khe -

cryatals. "A ost all of the cry'stal's have unddloae extihction but

' the grain bounda es. are sutursed Microcline crystala are prismatic

4 [ ’ . \‘
- * [
and have’ croae hat hed and Carlsbad twinning, they ane 2 ta 5 mm. acroas \ .

V! v,

. Many were fractured bef ore the solidification of the rock and the parts {
of the cr)latal have: become separated and can nonlonger be matched\\’ A

‘vt i ' ‘\ '
others. have yee.n tectonically fractured and broken dow’nj into polygonal

J EE ﬂ
aggregates. PJagioclase cryetala are rare and have everywhere bee&
partielly replaced by potassium feldspar, .they have albite and pet:lcline\ ~

<.

. twinn_ing, 11 gheir composition ig' An8. There has- been alight alteration/—

“
3

!J"\' a _ | p ':" ’

.. - , . )
L ® . . ] . R , - L . .

e
Latg
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'to_sericite. o S

' The matrix of the" rock has a grain size of less than’O0. 1. mm,

It consists principally of quartz and feldspar, the grain boundariea
.

_,___are curved and ribbon structure may be developed. Muscovite, thlorite,

and biotite are also present,;but most of the biotite together with
rare tetragoual prisms of zircon occurs in lensoid aggregatesj it is
pleochroic from straw yellow (X) to dark brown (Y and'Z).

y . B . V2

In .most areas the strain was greater than in the rock described

" above. Large crystals are generally ovoid with muscovite flakes, 1 mm.

e SEPY

across, forming augen around them. In the matrix the grain boundaries

between the quartz and feldspar are straight and the grains are markedly o
N

inequidimensional. Where the rock haa—beén tectonically reduceq to a

mica schist, the bolygunal quartz grains vary in size from 0,1 ﬁm, to

™

4 mm.;‘feldegir is rare;bmuacovite'flakes are commdnly 5 mu. across
and are segregated in bands and bent around quartz uggregates.
‘The.micaceous and bedded crystal tuff may contaiu up to ZQ
per'cent crjstals ueQWeenll and 5 mm, eeross; they are similur to those
" in the quartzo-felaspathic tuff., The matrik contains uu to 50 per cent
mica witha grain size between 0.1 and 0.5 mm.; most of the mica is
" muscovite, but there may be substantial amounts of biotite which is
Ea_ pleuchroic.erm colouriesslpr straw yellow (X) tu brown (Z). Qu&rtz
and feldspar in the.matrix haue a granoblastic texture with_curued or . ::' i ¢
straight grain boundaries. éalcitelcpmmonly occurs either disseminated: ' "

+ . . o N

or in 2 fo 5 mm, aggregates with éugen formed around them. The MP1" - o ,'

L

- albite porphyroblasts that have grown in the tuff near Flobber vae

‘are about 1 mm, acrosa and xenoblastic' they are crowded with quartz
]

’
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3

'

inclusions to the extent of abodt 30 per cent of. their volume and only

rareiy do they shon indiatinct"polysynthetin,twinning{.the composition

‘is approximately An20 (refractive inden). The‘only other MPi porphyro—

bldstic mineral in the acid volcanic rocks is garnet, and this occurs

it

A
~: oo

“as very rare poikiloblastic grains up to a miliimetre across in the

T
v -

most biotite~richtuffs.

Basic Igneous Rocks

s
7

ﬁithologx.. The basic igneous rocks of the Isle Galet Formation
are eVerywhere metamorphosed to amphibolites and in many places the
original ‘igneous texture- has been destroyed by de;ormation or meta-
morphic mineral growth. They occur as concordant sheets which may be |
p either intrusive or extrusive, ae discordant dykes, or as bedded tuffs.
They are similar in appearance and deformational history to the meta-
diabase dykes” intruding the Little Passage Gneisses. o
The largest of the concordant sheets extends from. Just north
of Hatther Cove across Little Passage to rbour le Gailais’and hasja
maximum thickness of about 100 m, It is‘S:unded ebove and below b}
' tectonically disrupted, graphitic, semipeliRic schist and isolated
fragments up to 20 m. long may occur in the 8chist (Pl. 69). The

[} \ 6 ‘
amphibolite is a fine grained, dark green rock with a moderately wel

’ deweloped Ls—fabric, although close to the schist'it is intensely

\

v\deformed. ‘The main part of the sheet is. cut up into lenses by joints_
\
and small shear zones,.the lenses are generally betveen 2 and 10 o,
wide and 1"m. thick and are flattened parallel to tha fsbric. There

is no good evidence for distinguishing between an intrusive or an’

.

;o
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. "% extrusive origin. - . .-

Similar thinner sheets of amphibBolite occur on, Isle Galet,
' Bois Island, and_eround,Bsrasws}-' de Cerf, and in many places are
associated with® slightly discordant dykes, Beédded amphibolite tuff

is particularly common at Simmond 8 Barasway and across Bois Island.
- The . beds are between 1 and 15 cm,- thick a,nd in many places consist of
\

rapidly é’lternsting layers rich ‘and poor in amphibole; they are inti-

mately associated and :Lnterbedded with acid volcanic tuff.. Hornblende

s

1 : ' rich mica schists ‘also commonly occur with the tuffs; the origin of

- these rocks is- uncertain because of. the destruction of the primsry

textures. . ' ’ - ,

L]

The amphiholite on the north. side of Bay d'Espoir differs from
_that-on the south side im having undergone more metamorphic recrystalli-

zation; it 1s medium grained and is characterized by radiating amphibdle
’ ) T ‘ rosettes. ! ' -

[ 8 * ' , -
- v Fabric. The original texture of the basic igneous rocks is
. . o P] . ~ - , : ;

- preserved in the tentre of the Harhour le Gallais sheet where 'def.orms-'

]

.tion was not intense and growch'of hornb’lende during metamonphism was

1argely restricted to replacement of ciriginal ferromagnesian minerals. L

The rock is fine grained and is formed of an intergrowth of grismatic
plagloclase and hornblende; chlorite locally takes the‘ place of horn- -
) , blende. Iron oxides are present interstitially defining a crude

?
-

tectonic fabric, .

: |. . . "« The first deformation fabric defined by trails of. iron oxi{
can'be recogn;zed' in the n:assive amphib_olig where it‘ ~has’been over-
grown by MP1 hornbl_ende_. In the bedded smp‘hibolite tuff, fine grained

~




'are generally formed in these Cks.— \

" amphibplites of the Isle Galet Formation except near the Day Cove ’ -

B : S,

hornblende with a good preferred orientation defines sl (Pl.,70).. MS1

and/or MPl metamorphism has caused the growth of hornblende rosettes

on foliation surfaces and these "have been folded around tight to

isoclinal F2 folds. 'I'he second deformation has not caused trsnspdsition '

— of the first schistosity except in the few places where the rock contains
"substsntial amounts of biotite; ‘in these places the biotite defines

" the 52 fabric and together with the inequidimensiona'l felsic minerals ’

forms augen around the hornblende’ grains (P1. 71).

Where Sl is not well defin.ed, MPl hornblende rosettes have a-

u;\t

“random orientation and overgrow tlie fabric' t:hey are best developed
_ on Bois Island and around Barasway de Cerf (Pl. 72). The rosettes

- have formed by acicular growth olit of each end of the pre-existing

prisms. The crystals are curved and radiating, but are in crystallo-

i

graphic and optical continuity with the prismatic nucleus;" they extend
into and partially replace the feldspars, which are broken down into’
a fine grained granoblastic matrix.’ Small quartz veins and segregatiohs

The second deformation ric is not well developed in the

o

Thrust. In most places it is represented by microscopic crush zones,

in which plagioclase has been broken down into a fine grained poly-

gonal matrix and hornblende needles have been rotated into the plane

<

".of flattening, these crush zones form augen around the HPl horx‘lende

rosettes. Where there has been more intense deformat:lon at Harbour le

Gallsis and at the entrance to Little Passage, a hornblende schist ‘has
~

been gormed in which the amphibole defines an LS-—febric. ~fl’he fabric
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. ‘ Petrogra h + The amph olite with igneous -text.dres preserved ,;\ffﬂ L.

s . o A -

contains plagioclase (40 per cent), hornhlende (W per cent),Ttro
: accessory iron oxide, sphene. quartz, lcite, epidote. clinozoisite,' '
. \ ‘

. ! @ A
‘ and sericite, locally chlorite takes the glace of. hornblende. . Ce S \

\

The plagioclase occurs as’ subhedral prismatic gra:ina about 2 ’ o

(

mm, long.. It has ,polysynthetic'twinning ‘afd the composition®1s"

An33 ~(XA010-15°). It may' be 'replaeed by 'patches lof‘horn‘b.lende with a.-

4

consistant orientation within ach feldspar srain. In most places
~ however replacement by hornblende involves the complete breakdown of ' e

thev feldspar crystals and the growth of randomly oriented needles of

hornblende from neighbouring crystals. "I‘he feldspar that is the

2

result of this process is very fine grained (less than 0.1 mm.) and 1s

I

xenoblastic with sutured or scalloped grain boundaZes, it is associa-

ted with quartz. The composition, estimated by co arieon of refractive - : .

‘ in'dices‘with quartz is between An20 and An25. All the plagioclase is \ ey
) \? ! o ‘ .- ' '
slightly sericitized. N T ‘ . g R
o ,' i-,
W’mere igneous textures are pree’erved hornblende occurs as

»

i prismatic grains about 2 mm. 1ong, no pre-existing ferrom.agnesian
minerals have been found. Almost ev:rywhere there is at 1east inc:l.pient o )'y
aci,.cular growth extending from the main cryatal. . ’I'his growth has a ‘
characteristic form' the needles Brow principall;lr out of tHe ends of _ -' _ .:_'}:
the hornblende prisms, and curve around and fan out to one side' fans e "';
: _ formed at, opposite ends curve around in opposite directions producing |
an S—shaped rosette which mnay be as much as 1 em, . in. length. Yl‘he . N

< ot




- to emerald green (Z) and has pleochroic haloes' the maximum extinction :

hornblende is pleochroic from light brown (X} through olive green (Y_)

o
'y

angle, Zhe’ is 13°"'.‘. 3 ..-‘ c \ 1 5
N BN ;

! lAmonthe,acceasory_minerals_theJmmoxMe&are_uhiunMnd—w——ﬂ

»

‘ ma'lnly where.-ﬂtere has been substantial growth of hornblende' the calcite

' 'is disseminated and interstitial and is associafed with subhedral epidote

" tutes up to 0 per cent of the rock. forming a granoblast:ic polYgonal

* sediments interbedded with volcanic rocks. In-the west, coarser

ﬁ
_occur :Lnterstitially. Calc:l.te, epidote, clinozoisite, and quartz occur

¥ ’vh )L“ B ) "A-l‘ K N .
grains up to 0 3 mm. across, clinozois:lte needles are common in’ plagior-

4 N . '

clase grains, quartz generally occurs as aegregations or veinlets :Ln

which it has a good polygonal texture with gra:lns up to 0 5 o, acrbss.

Sphene 1s found 10ca11y in interstitial aggregates\ Whete thofite has '?

3 _ taken t'he place of hornblende, it is pleochroic from colourless to. pale

\
'

greeq and has dark blue anomalous :I.nterference colours.. ‘ Co v

o

5 o In some of the basic tuffs .and calc*silicate beds quartz consti-

.
-

'matrix. Bio 1te, where it occurs, is pleochroic from. straw yeﬂlow to

:"Jdark brown, and the grains are generally less than 1 mm. across. o

.
A o - . . . . .
~ . ¢ *

+
H

‘Graphitic Schiat e I h ‘

L

T "'Li ology. The princ;lpal non-volcanic litbology :I.n the Isle
Galet Formation is g?aphitic schist. ' At the base of the formation a .
graphitic schist member extends from the east of the area south of T

Littie Rivgr to Lampidoes Passage in the west, ° Around Barasway‘de :

Cerf and Simond's Barasqay this schist gives way southwards to coarser N

] -

y




! '\
sediments \axe irare, -
» \

grade, where it -=occm:e .on Bois Island and along strdke. It is- a fine

VT _,grained_graph te—gray rock with_locally_occun:inge ‘ :y-bedé—up—tc»-s -
- \
thick' theae may be graded. 'l’.‘he principal schiatos ty surface which n y

v ,be 81 or 52 has a graphitic ‘sheen. The echiat ie verywhete very B

o [

- 'limonitic and in freshly btoken epecimens the iimonitd can be aeen to

v !

Ve e - "be derived ftom pyritic coatings on schiatosity eurfaces. Along the
’ ”eo‘uth coast of Boie Island a'rbund Snook's Harbour a- local MPZ metamor- . \
'phic peak has caused the growth of staurolite porphytoblaste, in thia
area the graphite contem’s_and ‘the rock grades into a 1ight
'coloured muscovite schist. In ‘genetal the graphitic schiet haa behaved .
incompetently during deformation and - has been folded ‘into complex F2
and F3 folda° no Fl folda have been recognized.
| " On the south side of Bay' d'Espoir, the graphitic achist id eub-
- ordinate to more competent volcanic rocks. Movemént during the- second
’ l deformatio\in this_area haa~been concentrated in the schist which has
bec’ome tectonically disrupted. It: consiats of a mass of lensoid frag-
ments, about 10 _Cm. across and 1 ci, thick, separated by anastomoeing
. DZ' shear surfaces: It cbmmonly includes numerous quartz segregations
which may\e dismembered FZ fold cores., In some placea it incorporates.
- slices of the' surtounding rocks and ' is8 a. mélange, the moat notahle ‘
instances of this are southwest of Raymond I’Oi.m:K where it contains :
o amphibolite (Pl. 69), and along the Day Cove Thrust where 1entic1es of

reconetituted -basement are included. ‘ Bedding and 81 are nowhere ' Lo

N .traceab/'le for more than a few metrea and in most placea bedding is

1




86 .
~ . 'Q " ' ~ . - v . . . _‘ .
completely-ugrecognizabie; traces of S1 -may be preserved within the

" lenses of schist formed during the second .deformation.,

s . ; N ) B - .

.’Fabric. In the lower part of ‘the Iale Galet Formation, the

principal fabriq in the graphitic schist: is 1oca11y Sl. Everywhere it _
= 4

+ . has been crinklgh and folded during the second deformation and commonﬁly

a differentiated crenulat:ion achistosit:y, 82 is devek‘ped An. many o, .

oy

» : placea there has been. complete transposition of the first fqbnic. 3"

S1 is a penetrative achistosity subparallel‘te bedding defined'

. . ' N
<@ . . ' i o I R S}

by a preferred ‘b‘rientation of muscovite with local hiotite;' 5rz'phite

and pyrite form coatings on the schistosity surfacea. In a fe pleces'. : PR

quartz grains are elongated parallel to the fabric but generally tﬁv ey

.’.

. ‘have, apolygonal texture, - S ’. .

’ . . The Sl fabric is ovqrgrown by porphyroblasts of garnet, chlori,‘te,

and- 1oca11y biotite, all of which contain inclusion trails of quartz and I ;"

graphite.; Acroas most of the area growth wag static (MP1) and 'the in~-
‘

clusion trails are straight. At Simmond's Barasway however garnet

grcwth continued during the aecon’d_deformation (MS2) and the trailg are

e

curved, Some of the trails are S-shapeci with an appavent rotation of - o
less than 180° and mdre'ggnex’ally in the etder ‘of-QO"’ to 60°; oi:l:er

trails indicate no, rotation of the ‘porphyroblasta reiative to Si," but RS
preserve instead the progressive'developnienfs‘ of D2 angen. *In the

inlier of graphitic schist close tod:he North Bay Granite at Pomley ]
Cove aggregates of muscovite possibly fonned by,elteration of eillimanite
‘have augen Forned around them by S2. Lo ';

‘l‘he aecond fabric, s2, has generally formed by crenulation of .

Sl.. In a few placee the crenulations are open with only alight .

a
Q

~

I
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segregation of micas and pyrite on /the . 1imbs and along microfaults.

I .a-,

In most places however they are tight and the Sl fabric has been

completely transposed to form a composite 52. fabric with muscovite and .

- 4
,QUartz bands several millimetres across. ' ' " ‘ /

" In Snook's H Harbourand for amile westwarde along the southern

shore of Bois Island, the ‘graphi"tic schist has been metamorphosed to ‘\

staurolite grade; Although the garnet P rphyr%blaste within the rocl;‘.’

-

,have straight inqlusion trails of S1 and ugen are formed arotind' them

. ) .by 82 (P1. 73), the staurolite overgrows 8 and F2 microfolds (Pl. 74) . .

' This is the only known occurrence of MP2 po hyroblaet growth in the . . ., ; 3

Baie d'Eepoir Group. In the same rock biotit’ ‘has overgrown Sl and has ' \ .

augen“fbrmad around it by s2 (Pl. 75), the slightly curved inclusion - g
’ trails indicate that growth continued during the early part of t:he ‘-

second deformation. ) ’ o | . ® o ' ) \

The graphitic schist on the southern shore of Bay a' Espoir has ' - | ‘

suf fered much more intense deformation that that to the north. - The .
L . g

irregular lenses of schist into which the rock has been sliced are L -

v coated with graphite and a banded S2 _f'al;ric is developed 'lgi.»'t_hin them. f '

o ’ Sl has survived as coatings on quartz segregations and in a few places L e

1

: in the quartz-rich parts of the D2 banded fabric. Porphyroblasts of .

garnet » where present have augen formed. .around them by the banded . - Sy,
- 3 . X 4/.
( fabric but none were observed with an included fabyic. A phyllitic !
- '
L . 'lineation parallel to the main FZ fold axes is commonly present on

. [ o

the surfaées‘ of schist fragments., ot : o /_ '

‘Petrography. The graphitic schist is semipelitic. in . - A SR

&d B . - . ) - . o

3
h ]
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composition, generally containing muscovit? (40 to 50 per cent),

quartz (30 to 40 per cént) with accessory biotite, calcite, and siderite,

pyrite, altering to. .‘r {)nite, and graphite give it its ruaty, black.
L o .

~

colour' garnet, staurolite, and chlorite occur as porphyrglasts. .
Muscovi}e occurs as fine grained flakes less than 0. 1 mm, across

-&J 1&"
where 1it- defin 81. . In rocka where there is a banded SZ fabric, it is

-
3

generally coarser grained, and .at Snook'a Harbour where the meramorphic
grade was relatively high, the flakes ‘are up to 2 mm. acrosa, Muscovite o )
also occura in knota, possibly replacing sillimanite in the schist close '
to the North Bay Granite, the knots. have augen formed around them by 82,
Where staurolite is present, it is partially altered to aericite.‘ .

Quartz on the north gide of _Bay H'Eepoir ig generally unatrained '

N w

and has a polygonal texture with straight grain boundaries; the grain
size varies 'from‘ 0.1 mm. in the less metamo'rphosed rocks to over 1 mm.

at Snook's Ha‘tbour. On the south side of the bay, in the mo‘re deformed -

: schist, the ‘quartz has ribbon atructure and the grain boundaries dre

sutured; the grain size varies from less than O, 1 mm., to 5 mm, in the - ‘,

o

area of one thin aectg,m. '

o e Grachite and pyrite occur inreratitially, generally a8 coatings . -

on mica flakes, and as inclusions i.n porphyroblasts.
Garnet porphyroblasts, whether static or syntectonic, may be
idioblaatic (grain size between 0.5 and 1 q,xm.) or poikiloblastic (up

to 3 mm, across), the poikiloblasts generally have a tabular form o

‘parallel to Sl. Chlorite porphyroblasts occur as idioblastic flakes

up to 2 mm, across and have commonly beén kinked during D2; the

chlorite is -pleochrqic from colourles.s to paleug,(rs/eg and has anomalous _

Y e
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" - blue :ltiterf'erence*coloua:é. ' The mR.'ataurolite ,orphy'r'oolasta occurring

' Semipelitic Chlorite Schist . o s ‘ : AR

around Snook'a Ha:fl:our are xEnoolastic and contain n'umetoue quartz - . '.
. >
inclusions many grains have grown mimetically on the 52 achiatoaity

. and may be up to 5 mm, acroaa, t.‘he staurolite :ls pleqchroic from colour-'

S — S —eem e e e s -

t

1esa (x, Y) to at:raw yellow (Z), and many .of the grains are altered to °

sericite (Appendix 3) .

=

N Do
Schiat of the sanme ly:hology as, oocurs in the Riches Island

Formation cropa out locally in the Isle Galet Formation. The most

important occurrences are at Simmond's Baraaway and a].ong the sQutheast’

shore of Bois Island. For a description of thia rock, ‘th reader :ls

referred back to the description of the Richea Ialand Formationt. It;

o

ahould be noted however that the schist occurring at Simmond'a Barasway"

differs from that eleewhere in that the gamet porphyroblasta ic- containa

have curved S—shaped incluaiona ttaila (Pls. 76 77) and augen that

-~

developed progress:lvely during growth (Pl\ 78). 'I‘he 3ernet therefore

) -

grew’ syntectonically during the second deformat:lon. The amount of

' apparent rotation is lesa than 180° and generally a.bout 60°

%

Metagraywackes - . = .. - C T Coe T
Lithologz Hetagtaywacke occ"ura around Bafaeway'de Cerf‘ in -

association with - amphibolite, ac:ld crystal tuff and 3raphitic echist.

:

" In places 1t~13 gradational with micaceous cryatal tuff. It occuta

in bede 1 to 5 ¢m. thiclc aeparated by 8ha1e partinga leee than 1 cm. B o

“t

thick. Small acale cross bedding :ls common. ~although in some places “

this is absent and the beds may be Staded. . K (OO

. .“a

[EERE

.
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Generally the c‘lasto are sand size quartz’ and feldspar, but - .

on the promontory on the weet side of Barasway de Cerf the rock is

- very poorly sorted and contains . :l.‘solated pebbles of quartz, biotite :

o metagraywacke and :Ls .defined by inequidimens:lonal quartz and In:l.nor

. mica and chlorite.. It forms augen. around the clasts wh:lch may be LT

gne:l.ss, and tonal:l.te up to 5 cnf across (Pl. 79). LTI

graywacke 13 matr:l.x with a grain size of 0 1 mm, or less, and the -

_ femainder :Ls clasts between 0 5. and 1 om. across.- Where the rock

than 10 per cent of rhe rock. :

t W "
W ., - - 1

Fabric. An SZ fabric is developed in the matrix of the -

flattened ‘and slightly elongated parallel to the F2 t'old Xes .
The sl fabric ia preserved as atra:l.ght 1nclus:lon rails of B
quartz within very rate HPl dendritic garnet graina, it makea a. ama11<

angle with .sg. The .S2 fabric is sllghtly discordant with thé’ bedding. o & L
» . . L ) .. ’ v '_ I .".‘; A’
~Petrography. In most places about 40 per gent of che meta- ' R

c.ontains pebbles, these range up to 5 cm. across but; do not form more T

- »

~ The matrix 18 composed of quartz (60 to 90 per;&t), feldepar, '

' mostly plagioclase (up to - 30 per cent), and mlca and chlorite (10 per

cent). The'. quartz and feldapar graina may have a polygonal texture but ;. o

are more generally elongated with embayed grain botmdaries. o ;
b The g\and size clasts are quartzu (80 per cent:) and plagioclaee . Y
. (20 per cent). .,The quertz grains have generally been broken down into . R '.':;

polygonal aggregates vith straigbt grain boundariee and unduloae

'

' extinction. 'l‘he plagioclase grains have not been polygonized but are.’

) v bt [

partial“l'y aericitized' many of them have polysynthetic twinning, their

Bt e - N 1
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- qompositions range from An20 to An35 (XAOID-O" to 17 ) : B
T, ’ . a / ’ v, ‘ ‘ ' ¢ T Q o .,
A ' ;o I’?{ general the pebbles are. subrounded and are composed of oo e
. L o ‘polygonize’d quartz. Just northwest of Barasvay de Cerf, however, T
¥ . . " .- . ' o
e e angular~tﬂ~aubangular—pebbles_cf.gneisa,andlualite Occur- 'The gneiss- .

'13 composed of quartz (140 per cent). p],agioclase “(40 per cem:)., biotite‘

a ‘,») t o .' ‘ N

‘ (15 per cent), and accessory zircon, apatite, sphene, ,epidot:e, sericihe, . :-
;o *. .
c N ‘and opaque minerals, the Plagioclase is untwinned and has’ a a:omposition
. C 1. of about: An20 (refractive index). the gpeiss has a banded fabric defined -
~ - by biocj.te and quartz aegtegations. Q'I:he tonalit:e 15 composedv of quartz o
. R " ' <' (40 per. cent), plagioclaae (40 per cent) with minoi; biotit'e, =zircon, :

' sericite, epidote, and Opaque minerhls- the plagioclase i,s .parcially .(’

. ) . E sericitized, mqy have polysynthetic twinning, and‘ hae a compositio# oi

. % An30 (XAOJ.O), both the Quartz and the plagioclase occut e.s subhedral " ,' ',,:. L

} *

.. ' ‘ grains and there 18 no tectonic fabric.a . L. R ;

: L .. . THE ROTI STEADY FORMATION , - .~ - =~ . .7

} ﬂ . . . ‘( - . . . .’,"’ . ‘ ° A -r ' Lot . ’. ,'\. .,:;’

’ "‘Ihe name, Roti Steady Formation, fis propbséd for the rqcka a o
- ' . . . : Do
C ‘ that: crop .out to the northwest of the St:. Alban 8 Formation, and to the

. ( R
east of the North Bay G nite and its migmat:itic contact: gone. The C el

- B o

. - « LR

e ,“ " ‘% formation only occurs 1nland and ?ei'posureois fair to poor. It: consist;s
o J ! .
principally of semipelitic b:l.otite achist fnd graphitic Bchist in . c

approximately equal prbportibns, hornblen achist occurs in a f‘ew.",

rs

places. Garnet .and, staurolite are presenl in the biotite schist and = R
r - - . * - . M '4 ) ’ :.‘ .' " . "‘A ::b;:

contain 1nc1usion trails of the 81 schis osity. they have -augen formed -

around them by the SZ achistosity. S o - S
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o - ' ‘l .'. l 3 ' .
A few pegmatite and.aialite. veins of garnetiferous leucocratic -

v ‘

' “granite intrude the Roti Steady Formation but the contact with fthe T

North Bay Gra%ite is ablgupt and fauited° the fault is prbbab'iy"'a

© 4

gently southeast ,dipping thruet in keeping with the general structure

-
2

of the area. The contact with the St. Alban's Formation is also abrupt

n

an‘d a thrust fault, probably dipping eastwards, is proposed for this.

_Semipelitic Biotite Schist

o

Lithologz. The schist ia pale\gr.een, garnetiferoua. and-fine -

-

grained with little bedding and no sedimentary structures preeerved. )

..A few slightly silty beds are present but they rarely exceed -5 cm:;—in

. thickness; no grading was observed. )
o g

; _‘ E_g_l_:_’g_ig_. Sl is preserved as straight 1nc1usion trails of quartz
and graph;.te in garnet- porph}'roblasta, but otherwfse the first fabric
haa .bf%en completely transposed during the second deformation, the /
incluaion trails commonly make an angle of . up to 70° with s2.

-
o

Garnet a.nd staurolite porphyroblasts have grq;m during the MPl

.‘ " metamorphism and augen- a‘re-formed around them by S2. Huscovite and

o

biotite define s2 which is an unbanded penetrative achistosity 1n a

o

grannblasticg quartz matrix.
‘82 §1ae been crenulated by F3 _f.olds 'and- there has been ininor

recrystallization of muscovite,
- L Y . - -

'Petrog'r,aghx. The sehist contains quartz (30 per cent), \ .

- muscovite (30 pex cent), ‘biotite (20 lper‘ cent), garnet (X0 per cent),".
. }5\ . . . i N . ) '.
. and accessory staurolite and opaque minerals. . The silty beds contain

.o -



up to 50 per cent. quartz. ‘ 27, .

The quartz forming the matrix is polygonal with curvéd to .
straight grain boundaries; it is rarely tpore t‘naﬂd 0 1 mm. across in
\

1
2

the schist but may be up to 0.5 . in the silty beda. '

td

Biotite has a grain size-of O;Z-mm. and either aefines' S2‘or" .

has no preferred orientati@n" the unoriented grains; may be kinked and

have augen formed around them by the fabric. It is pleochroic from

colcvurleas (X) to dack reddish brown (Y, Z) and has many pleochroic
halloles.‘
Muscovite defines the 52 fabric and the - grain size is 0.2 mm,

In places it occ rs in circular patches 1 mm, across with quartz but

n

garnet grdains are up to 1 . across; they contain S1 inclusion trails

A f

but have clear outer rims. The staurolite prisms’ are up to 2 m, long

L)

. and have few inclusions; they ax?e pleochroic from colouriess (X) to )

; ' \
straw yellow (z). . ‘\\ ‘\. : o
\ \
.4 - " ~\\ " ' ’
Graphitic Schist \\ . .-
) : ) \ ‘
Lithology. Graphitic schi‘st forms about half of the exposure

i

in the Roti Steady” Formation. but was, nowhere observed in contact with
he biotite echist._ It is black, P ritic, medium grained and thinly

bedded° it weathers to a rusty brown colour.

N
1

‘Fabric, The S1 fabric 18 preserved 'as s‘traigh'tl grephite.
inelusion trails in MP1 biotite, but. 1is otherwise completely transposed
- o\

g
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by the secend deformation. The biotite is kinked ‘and has augen formed-

around it by 52 which is defined by muscovite, graphite, and pyrite-‘

it is an unbanded penetrative schistosity.

N '

Petrograghi.} The graphitic schist consiafe of quarez (40 per
cent), blotite (20 per cent), muscovite (20.per cert), wieﬁ accessory
Igrapﬁite,\pyrite, and apatite. . | | '

The quartz forms a grapoblaetic m;trix with a'éraie'size of
.abeut 0.1 mm. The grains are_equidimehaionallaed'have curved to straight
grain bounﬂg:iea. L . ﬁ- '. ¥

Bietite has grown statically and occurs as randomly oriented
xenoblaatic graina up to 1 mm. across. It is pleochroic from colourless
%(x) to reddish brown (Y, Z) and has many pleochroic haloes. ~
Muscovite defines the 52 fab;ic, the flakes are generally about |

1 -mm. across.

Hornblende Schist .

L1

Litholbgz; Bands of hornblende schist up to 30 cm. thick occur-
concordantly within the graphitic echiet. They are noe bedded but ;hey-
show no evidence of an igneous origin. The rock’is-éray and fine

qgrainea with scattered porpbyreblasta of hornblende.

Fabric. The fabric in the. hornblende schiat is parallel to 52

in the’ graphiﬁxxschist. It is defined by cataclastic zones of fine
grained feldspar and quartz in the matrix, " and by scattered grains of

acicular-hornblende. The ho:nblende porphyroblaets are broken or bent

1 ! e

&
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Where t:hey are crossed by the cataclastic zonea, and augen are formed

around them by che DZ homblende needlea.

¢
-

o Petrography. The ho.rnblende ochist containa plagioclo;e
(40 per cex\.x’t)-, hornolende (20 oer cent), quartz (20-per céno), bi_ot::loe_
(10 per centj anq accessory nphene, épldote, and opaque minerals. .

- Pllagiocla'ae\ and quartz form a granoblastic matrix. The grain
‘ aize is less than. 0.1 mm, in the cataclastic zones where che grainq
are inequidimenaiOnal"elsewhere polygonal grains wit:h atraight grain |
boundaries are up to‘O 3 mm, aqrosa. The plagioclase 15 untwinned°
it has an approximate composition of An25 (refractive :l.ndex)

Hornblende occurs as unoriented prismatic 3rains up to 2 mm,

leng and as finer needlea 0. 5 ma, 1ong parallel to S2. - Its pleochroic
scheme is X: colourlesa, Y2 ,tht green, "and @ olive greén; the
extinction angle ZAc 1s 18°., There 1s ainor alt:eJratioeﬁ to reddish
" brawn biotite, B | L " . - _"

‘SEDIMENTARY FACIES

. B

_St..Alban's Formation
¢

The\principal lithology in thia fornatlion is interbodded'
brown calcareous silt;btone and dark gray ';‘)elite. . (3 haa aiteady beenx
descrwibed in temms of Bouma's 1deal turbidite sequence. The common
occurrence of baae cutiouﬁ sequences indicates t:hat: it oelonga to the

distal facles described by Walker (1967, ‘1970), -

The beda of quartz—muacovit:e phyllite wh:l.ch are 1nt;erbedded
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with'at'he siltstone and pelite do :iot appear to have any genetic 'relat:lon-

sh:lp with the turbidites. They are recrystallized and retain no original
textures however the:lr composition and their occurrenqe as thin but:
peraiateht beda suggest that they may be -fine graiﬁed acid tuffa.

ps
-

Richea .Island Formation ' -

T

The principal litholog:lea of this formation are garnetiferoua

'.chlorite schist, paammite and mica schist, and graphitic quartzite.

On the east side' of Bay d'Espoir there is a gradation with iner sing

wetamorphic grade from the siltstone and pelité of the St. Al¥an's"

'Formatiah to the gametiferoua chlorite schist of the RicHes Island ; x

Formation. . It is therefore suggested that, this lithology is metamor-

p‘hcfeved» f]?ach; sir e the rock is fine grained and the quartz-gamet
beds, representing the' coarser fr‘action-, are subordinate to the schist,
it is likely that. .the flyach is of the same dl,atal type as that forming
the St. Alban's Fohation.

The paammitea and mica schiata, which occur around Roti Bay. :ln
the' mi'ddle patt of the —formation, do not show any of the typical.-features
of turbiditea such ‘as graded bedding ‘'or Bouma aequencea. 'I‘he'y nay he
comparable with the maasive aandatone beds that are 1nc1uded in many

urbidite deposita and have been’ varioualy described as fluxotutbiditea,

grain-flow depoaita, or channel fills (Dzulynaki, Kaiazkiewicz, and

.Kuenen, 1959, Stauffer, 1967; Piper and Normark, 1971. Hoore, 1973)

- This compariaon can only be tentative aince the more specific features

of thia type of aed:lment, for :Lnatance dish atructure and c.harac:ter:l.atic*5

1

aole marka, have not_been teqogni;_ed.,

\
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The fine grained graphitic quartzitee grading locally into

graphitic amphibolites and schists have been derived from carbonaceoue ‘

» ~ra

' eands and shales' the amphibole-rich rocks are presumed to have been

: calcareous. The hiMent of carbon 1ndicate\s deposition under / co

ataénaht, anaerobic conditions during interruptions in turbidite

sedimentation (Pettijohn, 1957). . Whether the lack of water circulation

L)

.was, due to great depthe '.or to bathymetric resttictiona is ‘unceftain;

'The occutrence ‘of most of the érephitic rocks at the top of 'the Bichee |

' Island’ Foi'nietion and ‘in the Iale _Galet Fo;mation'suggests_that .volcanism  ~
/ ; R \mhy have created local semi-isolated‘basins‘suit'able £ot their deposi-m

tion.

" Isle Galet ?otmation

This formation is dominated by volcanic rocks, consisting of
_amphibolites, acid crystal tuffs, and possibly quartz ponphyries‘
- ; Associated with these are graphitic schists which occur principally |
| on Boie Island nnd to the west, and metagraywnches which -are testricted
f_ ' to the area around Barasway d¢ Cerf. .Gatnétiferoua:‘chlorite schist of |

the type already ‘interpreted as metamorphosed diatal 'flysch forms e

.small ‘outcrop north of Simmond' 8 Barasway, and a quartz—rich marble

: ) | occurs on. Bois Island interbedded with volcanic rocks and graphitic

v . “

schist. The thickness of the Isle Galet Formation 1ncreaaes from aboht .

1700 m. in the .east: to about 3000 m. at the West end of Bois Island' L

Nmudh of the increase is in the graphitic schists in the lower part of s

) . v . . o 5

the formatiom.. . . ' o>
As has alre.a'dy‘ been mentioned the state ‘of defqtmation" in the

‘ . : o . . - ot .
X1 M . h - . »
* R ' I . . ’ v
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acid volcanic rocks makes it difficult to distinguish between tuff,

-1

lava, and hypabyssal intrusion. It has however .beennsuggeat‘ed above : - N

" that the majority of the.rocke, if not"all, are:tuffa; this .origin is

f - -
t \_ ,

- indicated by the. lap}illi tuff lenses that occur}in the quartzo-'

feldepathic rock, by the crude hbedding and the compos:ltion of the more N
mieaceous bands, by primary fracturing of crystala where deﬁormation .
'was slight, and hy the Jack of flow banding or intrusive feat:ures.
The tuffs are interbedded with graphitic schists and meta—
graywackee, and have not. been eroded to form clasts in theee rocks. A '
‘ similar. association was noted by Kinkel (1962, 1966) ‘and Schermerhorn
(1970) in -the volcani,c rocks of the Iberian Pyrite Belt. and was i
) considered to indicate aubmarine extrusion. 'l’he lithology of the Bay ‘.
- a' Espoir tuffs also suggests a subaqueous drigin, they consiat of )
'vevenly distributed crystals in a fine grained matrix with restricted
occurrences of lapilli and no- obaerved accidental lithic fragments. - |
‘Similar rocka have been ‘described by Fiske (1963) from the Ohanapecosh
Formation, Waahington, and by Fieke and Hatsuda (1964) from the Takiwa _ .
-Formation, Japdn. < They attribute the fine grain size -:;b shattering
of lithic frag!lnentg and crystals by audden Quenching in water. The . . ‘
_ tuffs they describe, however, contain more coarse material than those |
in the Baie d'Espoir Group and the Iberian Pyrite Belt, and they also
differ in 'having good turbidite—type grading in some of: the membera. ‘

_ Schermerhorn invokes mass-flow of the t,ype described by’ Sta‘ffer (1967)

to explain the lack of grading and this explanatipn may be applicable “ s '[ ot
. .‘ . c ’

—

to the tuffa of the Isle Galet Formation. .

L}

The aheets of amphibolite that occur with the acid volcanics .
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: and aasoeiated’sedime‘n‘ta ‘may be either intrusive or extruaive. If
extruaive; )they show no definite evidence of either aubmarine or ‘. " y
subaerial- eruption. The aeaoeiated basic tuffa are interbedded with‘
graphitic and chloritic achista and - ar&presumed to have been deposited
in water. | | | A.% |
The principal metaaediments in the,Isleerlet Formation are'
the graphitic Echiats, whienfhave already’been ascriged,to dep ‘ition
, -,in' a restricted environnent, poa‘s'ibly‘yeaua'ed by the fo‘rmat'ion of
submarine-volcanoea; Eaatwarda they grade into medium grained and
coarse metagraywackea which xnay be eroaa—bedded or graded. The grain
size, composition, and sedimentary atructurea vary rapidly both
laterally and vertically and Bouma s turbidite aequencea are generally . -
.not recognizable. Where the rock is pebbly, the. pebblea are Variously
rounded or angular and generally conaist of vein quartz, qranite and
gneiss. clasts Of a volcanic origin are noticeably 1acking except where‘

the metagraywacke gradea into micaceoua cryatal tuff. The deposita

4

correapond with the pebbly and conglomeratic flyeeh faciea .of Walket ' o
(1970) -and’ are of a much more proximal nature - than the other"tlyach ' ‘
depoeite of the‘ .Bale, d'Eapoir Group. The nature of the claata indicates
‘a' source area consiating of granite and gneiss, and ‘the lack of volcanic
debria impliea that the volcanic centrea. at leaat locally, were not

. raised abo\;eb sea level and so _subjeet to erosion.

by

" Roti Steady Formation

This fomation consista of graphitic Bchiat and fine grained

b‘iotite achist with thin ailtatone beds. The biotite achist is sim{lar




in general appearance ‘to ‘some of the rocks interpgeted as distal

- turbidites in the Riches Island Formation, and this origin 15" tent-

. tively proposed for it. The graphitic schiq; vhich forms about ‘half® © T .
. . S e .
of the formation is considered to have been deposited in an euxinic i |

v

" environment.,

Conclusions '

2

. The Baie d' Espoir GtOup was deposited dn two principal
envirbnments. The St. Alban e, Riches Island, and Roti Steady Fo:nmtions
consist mainly of,fine-grained distal flysch and carbonaceous euxinicA“
deposits. The Isle Galet formation 1s the pro&bct;of submarine
volcénism, with pssocigted depésition of carbénaceoué_ae&imensa énq“~
proxiﬁal‘flyach; the clastic rocks’appear to havedbéen derived from
‘a nea;by grg#itic and gngissic terr;ne.’ |

The local stratigraphic order which has been derived at-férmation
contacts indicaééepthat the volcanic rocks lie above the distgi C
tutbidiééé.. It 1é'e§ident however from tﬁe lack of feedér'dykea.in
_the flysch thac the principal facies variation was lateral and not g .. Coe
{:grtical.A It ie possible that the auspected fine grained tuff beds .
in khe St. ‘Alban’'s Formation are a digtal expressiop of subaerial . .
< volcénism related to Ehe submarine vo;canic rocks described From the g

Isle Galet Formation.

. v
\‘ ‘_' . s
* .

?
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'_ HETAMORPHIC HISTORY .
: The metamorphic history of the Baie d'EBpoir Group is
summarized in Figs. 7 and 8.
L] N ~ I‘.
"+ .. = MS1.. ) '
. R B 5 - ‘
. Syntectonic metamorphism during the, first deformation caused

- ]
AEEE

the growth of platy minerhis and the recrystallization of quarti'and

plagioclase to form the first fabric.-
- 'In the St. Alban's Formation Sl was initially formed +during

deﬁatering in the’ early stages of the deformation. It was accentuated

By subsequentvmetamorphie growth .of muscovite andulocally biotite in "f

the pelitic rocka. The Sl fabric in ihe other formations 18 defined

by muscovite, chlorite, biotite, and inequidimensional quartz-and

feldspar, hornblende may have grown in some of the amphibolites. The
‘grade of.hetamorphism was higher than in the St. Alban's Formation, and

" ‘the 1ntense deformation of the rocks has destroyed any evidence there
T

may have been of an’ early stage of dewatering. -

MPL -

aIé most of the Bale d'Eepoir Group the minerala that grew

statically aftEf“the first deformation and before the second indicate.

¥

that the metamorphism reached its peak at this time. THe‘exceptionq

are at Simmond‘e Bafaaway and east of Rocky Hill where the peak appeare

[N

to have coincided with the second deformation.'and around Snook's

[

Harbour where a probable MP1l peak was followed by higﬁer‘grade MP2

7metamorphism{

!

P

[
[
it







the Baie: d'Espoir. Group. ]

- dashed lines indicate very restricted occurrence.

- :
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- {MS1 {MP1 |MS2 [MP2 {MS3 [MP3 ) . |MS1iMP1[MS2 {MP2|MS3|MP3|:
| ISLE GALET  [Chlorite -4 RICHES ISLAND |[Chlorite |, -4 - K -
‘ Muscovite —t -1 -1 s " |Muscovite | : ) _ ]
FORMATION . | oo o0 _ "FORMATION = | oo e - -4 -1-
Biot;lt:e - C. Blotite i I Z
' é_arner. - Garnet JE
Staurolite o Staﬁrolite _ - >
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ST. ALBAN'S - |Muscovite | __L ' _|" 1 _ Amphibole = T
: ' '” ' . EA uscovite |
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L Garnet . - - -{Biotite .
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) ‘ . ) Plagioclase| - P T RN
N -p Quartz )
. ’ Amphibole . | . -
- Fig. 8. The growth history of. uetamorphic minerals :ln :
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‘ part of the Riqhes Islﬁnd Formation, there has iEen syntectonic growth

ar . me

‘n.-/ ' ":«v - I.' < \' 104 -

« .o . ’ .'/ - i Soe
; . The MPl metamorphism in the St. Alban 8 Formation is repreaented'.‘
by static biotite growth in the pelites and si—ltatones. In moet of the .

Riches Island and Isle Galet Fbrmations garnet and. chlorite porphyro; .
blasts with straight inclusion trails of 31 grew in the semipelitic '
schis{ts. Most of the hornblende growth snd the, destructi‘on of the |
igneous texturea'in'the amphibolites oflthe 1§1é Galet Formation aIso,
- took place at. this time. The higher grades of metamorphism have aV
marked. spatial relationship to the North Bay Granite whose intrusion

coincided with. the MP1 metamorphic peak Within 2 to 3 km. of the

contact, staurolite with straight _Wergrows garnet

in the semipelitic schist and within the contact zone itaelf there has - ‘

been slteration of biotite to fibrolit:lc sillimanite. :

.
®, . P

. . -.~. P . J ‘", e ,', :. ..
In tha semipelitic ‘and graphitic schists® around Simmond?s

\ ‘ ) . '_"_:,__—v"

Barasway the principal garnet growth took place du“riﬁg,,thee.second L '
N SRR
deformation and the porphyroblasts contaiu ~S-shaped inclusion trails i

or developing augen. East. of Rocky Hill in “gchists that are probably . .

#’:\t

of kyanite parallel to s2. In\all the other rocks of the Baie»d'Espoir

\

Group, MS2 mine‘ral growth was restricted to recrystallization of biotit:e, "

€

muscovite, chlorite, quartz and feldspar, in most of the St. Alban 8

Formation the metamorphic grade was only sufficient for the recrystalli-‘.
A )

zation of muscovite and bent unrecrystallized flakes of biotite still ’

) survive. : oo . B =,5U oo ‘ .
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) Island and Isle Galet Format:lons

1
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Generally MP2 mineral growth was reatricted to polygon:lzat on, R -

° -

and annealj.ng. Around Snook's Harbour, however, a local metamorph:l.’c . Lo LA

peak in the Isle Galet Formatipn causec}/the growth og sf;:ai{rolite /K,) ‘

%~ ¢
porphyroblasta 1n graphitic muecowtite schist; they -ove /grow MPl garnet

| S e

Sﬁ;“. e

_ ) : ,\Lat'e'r ‘Mineral Growth _ ‘ _

Recryst‘ellizat::lon ]of chlorite, muscovite, and quart:z has taken . A
) L] t

place 1ocally in- the sem:lpel:l.tiq;@mﬁ graphit:ic schiete of the Rig.hee o

@

. f . ) L
and F2 ﬁolde.(Appendix 3). .""" / SR > e o ‘

Py

(-_
.‘&‘

j .
where F3 foldmg occurs, Retrogreos;[ve,

me.,ta.mc?rphism princip,ally affects Btau'rolite, which has been altered to

[ . € 3

sericite, especially around Snoo[‘k'a Barbour. There has_alao been minor_ . '

’
N I

ration of garnet: and biotite to chlorite. co e e
B - ‘l .. . ’ ® . —
. - | . . - . . :
_ Facies and Facies Series ' - . o
R P ~, : ' "
The mineralogy of the, metamorphtc rocjcs forming the Baie L e

-

i

. ‘ M . R
d'Espoir Group 19 roughly compatreble to that described. from the Scottieh T

Highlands by ﬁarrow (1893 1912) and subsequently by many other authors.

[ i
= . \
although kyanite is of Very reatricted occurrence and has grown later Ce

The full succession of Barrbw si zones 19 seen in the Bay d Eapoir area, /, .

than most of the other metamorﬂahic minerals, wh;l.lse etaurql.;,te is the
common index mineral occurringtbetween the garnet and eilu.mani.te zones. ' o
Sillima\\ite gro\wth 1n the highest grade rocks. only reached the early IR

stage of fibrol:l.te formation f m biotite (Chinner, 1961), and the .

breakdown ‘of staurolit:e did no’t occur.. The peak metamorphic grade s N

.

- -
[Pl
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o - CHAPTER 5

STRUCTURAL GEOLOGY

UPR
e
GENERAL STATEMENT

N
The Bay d'Espoir area has two principal tectonic components:
‘1. The basement rocke of the Little Passage Gneiseee and the

Gaultois- Granite. . R : '
g - ' ! »
2. The. COveg rocks of the Baie d'Espoir Group, intruded 8ynoro=

genically by the North Bay Granite,

- The Little Passage Gnelsses underwent a.complex history of -

-

""deformation before the intrusion of the Gaultois Granite and the

deformations affecting the Baie d&'Espoir G%sup.- This history included

at least two periodé of gneiss formation separated by the ié&rusion of
A\

a tonalitic pluton. Only a few remnants of tﬁg early formed gneisses

remain,locturring as sheets and xénoliths inathe tona§ite. The sechdfy
)

period of gneiss formation was one of inhomogeneous strain and caused"ii -

localized zones of intense deformation.

& -
The main structure in ‘the Baie d'Espoir Group is a major gouth~

-

’

"eaet facing recumbent anticline, the Bay d Espoir Nappe, which was
formed during the second of two regionally penetrative deformations

(see Map 2 and sections) The lower 1imb of the fold lies in- contact

v

with the Little Passage Gneisses along the Day Cove Thtust. The gneieaee
r L
‘in the Stickland Cove Zone, extending 3 km. south of the thrust, have

[l

been deforned and partially reeonatituted during the defopmations of the -

’

Baie d'Egpoir Group. .The Bay d'Espoir Nappe is diyided into two parte




E S I

by the Big Rattling Brook Thrust. The lower pPATt which includes the
" Riches Island and Isle Galet Formations has an autochthonous root
aroumd the-southeastern edge of the North Bay Granite. -The upper part

-

consisting of the St. Alban s and Roti Steady Formations forms a thrust

‘r—sheet—transported—above~the—gran£ter-nAway from the North Bay Granite,

which sppears to have acted as a rigid block interfering with the -

formation of the nappe, the Big Rsttling Brook Thrust loses its sig-~

nificance. I ’ o N o , -
There is a genéral parallelism of structures of a11 ages In ‘the .

Bay d'Espoir area.. This regional trend has a southwesterly strike in

the east of the area snd curves around to a westerly strike in the west

(see Map 1)° the amount of curvature differs in structures of different

ages, but does not vary systematicslly with t The outcrop pattern : -

formed by -the change of strike was nsmed the Hermitage ‘Flexure by Lo
Williams, Kennedy. and Neale (1970) . ‘
t ¢

The structural geology of Bay d'Espoir is described in three

- ’ /
sections° / °

/

1. Pre-Baie d'ﬁspoir Group ‘structures in the Little Passage Gneisses.
2. Baie d'Espoir Group structures in the Little Passage Gneisses.and

associated granitic rocks. .

3. Structures formed in the Baie d'Espoir Group and at the margins

of theyNorth Bay Grsnite.

.

. ". ) . { .w o
. : é? PRE=BATE D'ESPOIR GROUP STRUCTURES - - a

- ‘", = ’

The structures formed in the Little Passage Gneisses before ‘the

intrusion of the Gaultois Granite and the deformation of the Baie d' Espoir




~ . 3
o

Group can be examined'in the rocks of the Sei_tl Cove Zone in the southern .

half of Little Passage. - . - o L S

\

-~ Amphibolitic and Psammitic Cneisses o .

Yo

N .
- . s ~

These gnelsses occur as sheets and xenoliths in the tonal:lf:e and
! ~ o
tonalitic gneisa, and they represent an early period..of gneiaa formation.

The genetal strike of t:he foliation and of the outcrops ﬁs parallel to

I

t.he foliation in the’ enclosing t.onalitic rocks; whether t:his is an

original orientation or has been caused by later deformacion is \mknown.

The rocks have a fine banding vith isoclinal intrafolial folda
up %o 2 cm. across. The axes of the folds generally h&wte a ateep plunge,A
. but this may be a fglse imptession since mosr, outcrops are flat and
horiéontal.ax‘es are difﬂ::u;t to recognize. The principdl schistosity
18 axial pla'nar to the folds and parallel t:o'_the.a.xes of the intrafoi.ial S :,,.:,
folds. - | | | |
The gneissic banding and the principal ‘_schiatosity ‘are.fo,lded by
'. ‘tight si—uixivlar c'ype folds with vertical axial planeé parallel to t'l_xe - | ®
regional strike 'an_d near .véttical axes ,(Pl."Z).; the folds have a wave- .
length: of up to 5 m. A schistosity.is dgygloped in 't':he, cores of t'he foldg

L
and cuts across the banding..

' Tonalite and Tonalitic Gneiss |

Tonalicic rocks derived from an igneoua pluton form the gteater '

part of-uthe Little Passage Gneisaes. 'I‘onalite veins cut across the-

late«aimilar type folds in the\mphibolitic and paamit:lc gneiasee, and - .

i
o h
&
-4

xenoliths of amph:lbolitic gneisg occur throughout the main.body of the ~

pluton. ’1‘_hé deformation was 1nhomogeneoué"‘éau ) \{hi formation ‘lbf less
. . | | ‘ B - .‘ _ ( ‘ s l-.‘ R .~_ ‘ ". . ’:‘c “




+ textures; the foliation is vertical.

’ .relics of relat:ively undeformed rock leas than 1 m. ‘a

. ) . R ' ) 110»4 %
. , . . . ' N -!. . [

deformed blocks separated by beltg of banded gneiss. Locelfy there “
»haa been evidence of}oat—deformation remelting. |

The 1eaat deformed tonalite has a good foliation blit thete is
no metamorphic differentiation and the rock ret:ains some igneous
The xenoliths of amphibolitic :
éneiss vhich the tt’)ck containa have a pre—e':iisting gneissic bandiﬁg‘
'(i’l. 6)' They lmve a dimensional preferred orientation in t:he plane
'of the foliation end eheir banding 1s tightly folded atound axial

plauea parallel to the foliation. The fold ax’es have no pteferred

plunge ahd’ there are no infolds of tonalite. so the age of the folding
15 uncettain, Kennedy and McGonigal (1972) reporc similar xenolitha ’

from the granitic gneigs around Gandet Lake in’ wh:leh tight folde have

axial-. planes at an angle to the surrounding foliation.

An isoclinally folded gneissic banding (P1. 9), ich pre-dated

the Gaultois Gtanite, is. ptesent in t:he tonalitic rocks in se eral parts-

AN

~

of Little Passage. It is vertical and. Btrikes p‘atallel to‘ the follation '

,in the less ‘deformed tonalite; the fold axes ate horizontal. The

.xenoliths of amphibolitic gneiaa have been ﬁlattened and isoclinally D

. f6lded by the" deformations causing the gneisaic banding, and they may

Ve

" contain infolds of tonalit:ic gneiss (P1l. 7). The larger xenolichs and

some of the aheeta of amphibolitic gneiaa have been flattened to form

L

basic bands in the gneias and locally these “have been Bbudinaged' the

B boudinage axes are vertical and at right angles t:o the fold axes..

In most places the vatiation from the leas deformed tonalite to
the gneiss takes place over distances of about 30 m. although :lsolated -
across may aurvive

v
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within the gneiasic terrane., Therprincipal outcrop of the'lesa
deformed tonalite is in the south of the area around Seal and Grip

’ f Lr N )

. -Covee where the belts of - gneiss are 3enerally lesa than 100 m, acrOBs.
| Northwards the deforﬂﬁtion was ‘more wideapread and north of Middle
Island only gneiases are.present.
Partial melting after_deformation has locally nasked the‘
gneissic banding (fl. 10). fhe remelted.rdck has only a Weék schistosity,.
probably attributable to the deformations of the Baie d’ Espoir Group.

In many placea biotite rich bands which may define isoclinal folds

providg\evidence of the earlier gneiasic banding. ‘On the headland east

of Middle l\Ian the remelted tonalite is in intrusive contact with the
9
gneiss, both rocks contain. flattened xenoliths of amphibolitic gneiss.
e ) L : .
BAIE D'ESPOIR GROUP. STRUCTURES IN THE LITTLE ;

: " PASSAGE GNEISSES AND GAULTOIS GRANITE  ° . ' \
" The Little Passage‘cneisses‘and the Gaoltois Granite have‘been
deformed extensively by the first—and second deformations of the Baie g‘
- d'Espoir Group (Dl and D2) and have been affected by later minor folding
.and widespread faulting. The intensity ‘of thé two main deformations
increased northwards towards the Day Cove Thrust at the basement-cover
. contaet. The gneisses of the Seal Cove Zone and much of the Gaultois
'dranite have been-only slightly affected' whilst in the Stickland Cove
Zone deformation was intense and involved folding, transposition of the
gneissic banding, and mylonitization. The aplite and pegmatite veins .~

»

associated with.the,Gaultois branite.have been deformed during both -

BN T T A
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. deformatione,'butathe garnetiferous leucocratic granitelveins'which arely
- .




- tonalitic gneisa and may be attr:l.but}ble to Dl or a later period of - -

gnéissic foliation‘generally eiceedo'60°,ﬂ)

common in the Stickland Cove ZOne and siqilar to Ehe North Bay Granite,,

generally crosscut the firat folds and are folded by the second. These

granite veins form-convenient markers,_but have. been used»with cqu;ioo.

because of the various agea of granite intrusion noted eisewhege'ih the

Bay d'Espoir-Gander Lake belt (Kennedy and McGonigal,- 1972).

D1 Structures in the Gaulfois Graniﬁe.end SealﬁCove Zone

I

Throughout ‘most of its outErop‘fhe Gaultois:Granite has a

‘moderately developedlLs-fectonite‘fabrid»which also affeets the aplite

"and pegmatite dykes,and,the metadiabase‘dykesithat euf the granite,

2

The foliatioq_is.vertical.or steeply north dipping; and.the 11neation‘

- is horizontal,trendiné parallel to fﬁelreéional strike. The fabrio ‘

0

clearly post*dates the 3neisaic banding since it éccurs in rocks—thay

»

cross-cut this ‘banding. 1t 1s associated vith the F1 folds in the ‘ .‘ I &

Stickland Cove: ZOne, and at Sam Hitches Harbour Gaultois Granite ,

xenoliths with the pre-existing fabric are iucluded in 1eucocratic

€

. granite’ that was subsequently deformed by the . aecond deformation (Pl 27).
x A firsc deformation fabric was not recognized in che gneiases ~ ;
of - the Seal,pove Zone and 1is probably inseparable from previoua fabrica////fi—~r-,3;

" to which it would be subparallel. Kink bands oecur 1oca11y in the 4 J'.

deformation;- they have steep dips and the angle'they form with the- 'i,
.t . R n D . ' ]

v ~ . T . ~ ’ R o .

D1 Structures in the Stickland Cove Zone - '

‘e
M l
-
-

' As far as .can presently be deéetﬁiaed:the Lﬁt;legrassage Gneiaaes.':,

. .
ot
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in the Stic and Cove Zone ‘had a ve11 defined banding before the first:
. deformatio of ‘the Baie d'Espoir Group.’ This banding together with A T 5”'
| the intruding api:ltes ‘and pegmatit:es of the Gaultoia Granite has been ‘
folded by Fl folds with horizontally trending axes and axial pla!nes : :
‘dipping north at 60° o; .more. In the area around Middle Ialand in
Little Pasaage the folde are open and of flexute—slip t:ype (Pl. 12);
o | . ‘ their wavelength is gene;ally in the order of 10 m. Northwards the ‘
| - -folds become tighter (P1l, 14) and at St{fkland Cove they are commonly
isoclinal and 9£ similar type- an ax:l.al planar echiatoaity s developed. °
The Seal_Neac Cove Tonalite formed a ‘rigid block in the area of t:l.ght
to 'iaociinal folds in Little P'aqsege.l It has a alight S1 fabric and - .

, haa béen extensively fractured' _the ftactur:lng poat—datee t.he fnbric and

R -
v . -

may be of late Dl or D2 age. ] : )
North of Maria Cove Point the effects of the first: deformation
have been masked by D2 otmctures. Fl fold closures are rare and the o -
7 ' SR firet fabt;.c :le generally only geen in F2 fo].d closures, in HPl plagio-
B clase porphyroblasts (Pls, 18, 19), end dn,xenoliths in the leucocratic "
granite that heve been shéltered from D2, Althﬁuﬁh the rocks nppear
from their similar com.poe(ition and gradational contact to have been
" derived from the banded gneisaea of the Seal Cove Zone, they ate latgely
+ unbanded and much finer grained. It is probable that they were reduced .
to mylonite-achists or, even true mylonitea during Dl (Higgine, 1971) and
", ' that MP1 mineral growth haa obscured much of the cataclast:lc text:m:e.
The met:adiabase dykes that occur in the St:lckland Cove Zone'’ juet to the '
south of the Day Cove Thrust do not appear to nnve suffered ;he same
degree of 'canae_la_otic breakdown as the gneiss‘leo; thete vas signi;:lcant,:

<
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syntec:onic growth of hornblende uring both Dl and D2 even in the most

o

deformed areas (Pl. 29) A similar reaistance by amphibolites to-

cataclastic breakdown was noted by Johnson (1961) and Higgins (1971)
- : . oot !

L N ¢

CL D2 Structures in ‘the_.Stickland Cove Zone

L]

» -

The most .promi.ne'nt.lstructures in the ‘Sticknl_end 'Cove Zone were
formed during the second deformation. ﬁxcept locally west of ﬁay‘ d'Espoir
and between Blunder and Wreck Coves on long -Island, D2 structures were |
not.obgsérved in the main b_ody' of the .Gaultols Granite or in the gﬁeisses

"of the Seal Cove Zone.

s
-

'I'he F2 folding of the gneiasic Band:l.ng and leuoocratic granite -
veina\shows a progressive develebpmenc northwards. At Maria Cove Point
in Little Passage, the folds are of fle ural slip type' they form : . '
crenulations la ffw centimetres across o larger open folds up to 10 m. o
in wavelength. 'The, fold axes are approximetely hor‘izontal and the axial
planes dip- steeply to the north. At Deer Cove the folds are close to
¢tight (P1. 12) and at the bacllr.' of the cove a large asymmetric syncliide
40 m. across 1s visible in the cliff.’ An axial planar schistosity is
present 'in this area and there is a mineral growth lineation perallel
to tne fold axes. ..Further north at Day Cove the folds are isiclinal.

\Catac];astic_ rocks (Pl. 20:)‘ have been formed,during the second ,
deformation in a zone varying from 50 to 500 m, wide just to ‘the south
of the Dey Cove ’i‘hrnst. The zone runs along the north coast of Long
Island and extends eastwarda to Dolland B:lght. In most o'f the rocks
there was significant ayntectonic nineral growth ‘and they t_)elong to the . .
mylonite-schist and blestomyloqnite eategories of Higgins (1971)‘. Txue’ - L _ ’

£
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) isoclinal. They are generally defined by leucocratic pegmatite veina
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'mylo'nices are rare, occurring within 50 m. of the Day Cove. ".l‘hfuac at a

. few localities on the north, coast of”Long Island, dnd in exposure,s at:

,Da; Cove and :}orth of Dolland Bight. The metadiabase dyKes and
_le.uc':ocr'atichgrahite veins within the cataclasti’c zone have ‘bégn .less‘ '
foected than the gne:l'sée,a And -the D1 éétta’clastic -ro_cks. The~ampi11bq'11tes
_rec‘ry.stallized with the growth éfj hornblende 'def:.ln:lng the second fabric;
the granite veina have suffered some breakdown, in several places

becoming protomylonites, and at Day Cove becoming involved with the

gneisses in the formation of a true mylonite.

The D2 fabyic in the Stickland Cove Zone is of the LS type with’

L the lineation (Pl. 37) patallel to’ the F2 fold axes. Along parts' of the

-

north coast of Long Island there is a decrease 1mthe relative importance

of the4 schistosity with respect to the lineation, indicat:lng a change in

°

k-value (Flinn, 1962) similar to the’ changes noted by Johngon (1967) in

the Moine thrust zone; unfortunately there are no strain indicatoxrs'in

the rocks suitable for a precise measu’remeﬁt._. The increase in the

importance of the lineation is associatéd "w:l,th more pronounced rodding
and rolling of 1eucoc1"a'tic grgnite veins (Wilson, 1953). e

- All the F2 folds within the zomne of cataclastic rocks are 8

‘which are intensely flattened paralrlellto s2 (prl. 36')4an'd only .sh ow’f}‘;

crosscutting relationship on' the hinges (P1. 35). Intrafolial folds

of a pre~existing banding, possibly a D1 ﬁlylonitic’ banding wertg Qbs'e;v"ed

-west of Patrick's Harbour on Long Island; the hinges of the folds la'x'e up

to 3 cm. dcross and the limbs are extre;nely attenuated or non=-existent

(P1. 21).
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DZ 'boudins have formed 1n some of the granite veina north of S

’ Dolland B:Lght, but otherwise they are rare. The boudlnage axes are .

normal to the’ fold axes.

l
-~

D2 Structures in the Gaultols Granite

{

g

° o . !

., The Gaultois Granite between Wreck and ‘Blunder Coves has
suffered more intense deformation.than eligewhére on Long Island. A

" strong LS-fabric is developed and there are bands of protomylonite up

to 1rm., thick parallel to.it, The fabric overprinte S1 and has the ' - —
same attitude as the D2 structures in the Stickland Cove Zone to the ‘ ‘,
north., . ‘ | ' ‘ / .

'fhé geology was not .closely studied to the 'y-vest of Bay d'Espoir

but one feature of- the aecond deformation in {Cf%@aultois Granite is -

B "
1 Yo

worthy of note. Along the length of the deep inlet northwest of Muddy ‘ e
Hole, and probably cauaing its preferential erosion, is a zor?e of °
cataciasis. Thé Gaultois Granite has been broken down to form a proto-
mylondte and locally a mylonite; 1t has a horizontal lineation and a ‘
well. developed north dipping' foliation, whi’ch oute actoss the D1 fabric. ..-
The zone has a sﬂﬁilar attitude and style of deformation to the rocks
immediately below the Day Cove.‘Thrpet. It differs however in bemg
aeparated from the Baie d'Eepoﬁ' Group by 3 km. of only mildly deformed

-granite, and thus does not mark the basement-cover contact.

Post=D2 Structures

o Ffold:’etructures post-dating the second deformation were obsetved SRR "",.;a'

at only'oné' locality in the Little Passage dneieeea, in blastomylonite

.




‘ They eonsist of open crenulations in S2 with a wavelength of up to 3 cm.
" ‘aBsddéiated cleavage dip south at about 40°, and the fold axee haue a sub~

locally common in the Baie d'Espoir Group.

1n7 -
about 2 ka. west of Patrick's Har our on . 'the. north coast of Long Island.

[ e
- -

and overturned towards the north. The axial planea which have no

horizontal east-west trend. Late folds with a similar attitude are -

o

. ' ’ . . v ’ -
N . . . . \ ' v
Feults T S

Thrust and strike slip faulta. In'the weetefrt half of. Long-

b1

»

Ieland a humber, of east-west attiking thruat faults (P1. 80) and

_ aesociated north—south atr:lke-alip faults form prominent escarpments a

that dominate the - topography (Pl. 81) The -fault plenes of the thrust

feulta dip notth at about 30° to 60° and crosscut the less steeply @
dipping D2 fabric and mylonitic zones? One of thee'eofa_,ults forms the
eon.tact be'tweep' the Little Pasaage C‘ne.ieses‘ and the, G'eultoie Granite®
just '_‘érth, of Hteck Co've.“. s ' . 0' B o
The strike-slip faults have near vertical fault planes which
are expoped-on the north coast of the island. They offset the second
defonnation structures causi;g‘ displace?ents of up’ to 500 m. on the Day
Cove Thrust at Harbour le G!allais. Slickensidea were observed on' some
fault plenes plunging Eently towards the north. ' . v

The faults appeat to be aasocieted with exte}:sive brittle

‘fracturing of the Gaultois Granite between Blunder and Wreck Covea.

The sense of movement on the. faults 1s the same - &8 that of the second ) "

defomtiou structures, but opposite to that of the later folds. 'l'hei.r :

.timing with reepect to the third phaee folds is unknown and it is popsible [ H.".f"_:;;

'.' . - . ) e
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‘Group. These were folldwed by localized minor. folding and kinking.

© St, Alban's Formation. T
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‘that they represent a Pate brittle stage of the second defortation.

LI

, "The Little ﬁaj Fault. This -faul't is exposed "b:i’i‘ boch sides of

‘\.

Little Passage between Seal Nest aqd Gr:lp Coves, and it forms a prominent

linear. feature southwestwards to Litt:le BAy. In Little Passage it :I.s

4 ' o

marked by a zone of brecqiat:ion about 50 m, w:l.de in which the gneisses -

and the Gaultois Granite have been broken into lensoid frqgments a few
cenrimet;res across. B:lotite has generally been a1tered to dark green

chlorite which coats t.he shear surfaces.

rock is permeable and has

-been'rotted by ground waters. No eonsistent ' ickens:lde directions.

1 . .
were ~observed. )

but cannot be dated wit:h respect to the defotmati s of the’ Baie d'Espoir

14

Group because of t:he poor development of these° sttuctures in this area.

The fault runs parallel to the ﬁemitage Bay 'Fault which 18 marked by a

p.

similar unconsolidatefand chloritized breccia «J. Malpqla, pers. eomm. !

1973); it is possiblel that’ thes%two_struc'tures are genetically related.

L3 ® : ' '

t _STRUCTURES IN THE BAIE D'ESPOIR GROUP

N
voe
~

Two principal periods of deformation affected ‘the Baie d'Espoir --

! e i

The Firat Deformation, DL/ . .x
o . % '

-,
’tiéag_}?"'

\.

. Fo].ds. The rocks of t:he St.. Alban's Pormacion ate less deformed

. than any ot:her part ‘of the Baie d'Espoir Group and the first dsformat::lon ‘-
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* ,& ) ;etructures are, well preserved. 1 They conaist ‘of locally developed tight
o f

. to isoclinal folds up to 6 m. in wavelength vith horizontal axes = el SR

3

trending northeast. . There has been thickening on the creata of the - T . E

) ‘folds in the sﬁ!stones, whic}\ may show flow structures "indicating that ’ o B

they were unconsolidated during de?.ormation. The folds occur arOund Lo

1-‘

e, ' -Man of War Head in St.. Alban‘s hathour (Pl. 82), and at Brant Cove and

' ;;. east to Horrisville. 'l’he SZ cleavage crosses the F1 folda obliquely

‘L
-

|, and they are folded by F2. 'They are inverted by the major F2 folding .
j f . , :,;".;;
i, 80 thet they now face downw{arde to ‘the north. Thete is no major Fl - -

. atructure and the facing directiona on S2 are conaistent. :
) X ‘ ’

R ) Cleevage. 'I.‘he s1 éleavage, which is axi.al planar to the folds, '

o ia subparallel to the bedding in- areas where folde do. not oa-cur. As»"

“/.
N

o’ ' has already been desctibed it is associeted with dewatering and siltstone *

e - e e 6 g,
. et

¥

' beds have been injected al\ng cleavage planes (Maxuell 1962) (Ple. 47, ' “w v

‘,\~ '48) Subsequent metamorphi.c ‘grawth has: enhanced the fabric.
\ .+

§ . * R . ‘\l . . . ) ‘ e . . P
. "' o ""iol'lii?:hes Iél‘an’d, Isle Galet 5’n'd Bo/ti Ste'ady Formatione o N N T

<t
'

..‘ formations .than in the St. Alben s For‘mation. A few sm‘all soale Fl fold IR

et e B M ; L
¥ i N _a

R . cores up to 3,cm. acroee; have been recognized in the qufrtz-garnet bede R

of t:he semipelitic achist in the Riches Island \Formation. They have - f-\'.}-,‘

P
& " ey
.y,

becbme detached from the{ir linbs and are oblique to 82 which\ forms augen Tt

around them. Neer Flobl:;er Cove a tight Fl fold in interbedded actd and

bas:l.c volcanic tuff and e’with a wavelength of over 1 ‘Ma has been refolded

=
P

by a tight FZ fold. The axia of the firat fold forms ‘a large an‘gle with

: s o that: of- the secpnd and results in a type 1 interference pattem (Ramsay, L

k) !‘.
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Schistosity. In most places the first: schistoaity has been

transposed by the second deformation. It is prﬂesetved on the hinges
) - [ - ._ . .-
of BZ folds, betv’ween 's2 crenulation schistosity planes, and in MPl

~ .

o o ¢ ' - - . R
_porphyroblasts (Pls. 51, 67, 73). ’
y ' L ' ' . P ’
N Major structure. It is not known whether'the first deformetion

“ K had

formed any major structure in these formations of the Baie d"Espoir

Group., It is "aesumed in the description of the D2 structures that it

1 .

‘did not. This assumption is supported by the consiatency of facing
directione on: SZ (although bedding top determ:lnat:lone are'not plentiful),
and the l’ack of repetition in atratigraphic unita or any symetry of

a

distribution which might suggegt the two limbs of a major F1 fold. -

When the F2 folde are unfolded, bedding is unirfverted.

The Second liefornation le Sz

s
o ) : °

St. Alban's Formation

[Y v I’

Folds. F2 folds are predbm:lnently of the flexural Blip' type

‘ with only minor thinning on the lithbs An pelite beda. They are ‘open to-

tight, recumbent, and face towards the. south (Pls. 82, 83). ‘The. axial

planes dip gently to the aoutheast north of St. Alban 8 and Conne River,

and gently to the northweat further sq,uth. the axes are. aubhorizontal

Q

and trend northe&at. The wavelength of the folds ranged £rom 1 o,
o 3

", upwards with smaller folds be:lng parasitlcf on 1arger ones. In general

- \.»

the largest recumbent anticlinal folds that can be observed :ln the
] '

- exposures along thew coast have a long 1uverted 1ower limb and a short

%
upper 11mb° Near the Big vRattling Brookghruat the folda are tight to

. . »
e " . f . ‘ * -
- o

Ly

ng‘

S Tn
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. isdclinal and become similar in style with marked thinning on the limbs

~

especially in the pelitic beds.

Cleavage. An axial planar crenulation cleavage is associated_

B with the F2 folds throughout most of the formation (Pl. 46); 1t occurs\
in the pelite beds- but does not eignificantly affect the eiltatonea. . ‘ -
It becemes a penetrative schistosity and 1s subparallel to the bedding .
close to the Big Rattling Brook Thrust, . | |

.. : e '
Major structure. ~The facing directions, asymmetry of .the folds,

and cleavage—bedding'intersections imply that the rocks exposed on the,
present iand surface form the lower limb'of.a major eouth—facing | .
recumbent anticline aud‘that the upper limb has been‘eroded (section E-F).
_The open nature of many of the folds and the ahortness of the limba with
respect to the hinge zones results in a. steep dipvfor the majority of the
' sediments in the St. Alban' e_Formatipn and a large 3n31e between the
bedding.end §2; this suggests that the rocks presently expuqed may be !
close to the hinge of‘ﬁhe-major structure. To the east ot Bay d'Espolir

- where the Big Rattling Brook' Thrust is insignifieant thetstructure in

the St. Alban s Formation is. continuoua with that in the Riches Island
Formation, Westwards however the St. Alban's and Roti Steady Formations
fqrm the upper part of the Bay d'Espoir Nappe which cuts discordantly
across the North Bay Granite and the core of the 1ower part of the nappe

(section C-D). . ';“<*wi o i e

Roti Steady"Formation . : oL . B

Only a small paqé of the area mapped is underlain by the Roti

Steady Formation and the internal structure is not well known Open F2

o : . B . . °. n

o 2 Y
i
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' ;eide of the thruet aheets.

'Granite contact. "The folds in the schist on Richea Ieland and along —~. .

s

although there 13 only slight thinning on the 1imbs in the~more competent"ﬁ

122

crenulation tolda,occur:with~elight1y northeget plunging_exee; the 82
schistosity dips southeast at angles varying from 26° to 70° and the
bedding dips steeply towerds either ‘the northwest' or aoutheast. ihe .
formation is in fauIted contact with the North Bay Granite in the west
and the St. Alban's Formation in the eaat. These faults are continuoua
in butcrop with the’ Big Rattling Brook Thrust and-are therefore «
considered to be the east- dipping extenaions of ‘this - fault on the west

el

4

Riches Island Formation : : -

‘A

. . 2 N L] .
v . . . 4!

.Egigg. Mesoacopic ¥2' folds are common in the eahipelitie} PR
chlorite schist eetending'throuéh Bois Island and Riches Island to. .
Little River (Pls. 50, 84), they oceur furthexr north on both aidee of -
Bay d'Eepoir to the northeaat of Roti Bay, and they are reaponaible for

the prominent grain in the country between Roti Bay and the North Bay

’:strike are tight or ieoclinal and of similar type (Pl. 85); they are.

“t

vell defined by the quartzite and quartz—garne bede.( The akxes are '/

eubhorizontal trending towards the northeast end the axial planes marked

by €he 52 schistosity dip at around 40° to the north except where there

. has been F3 folding (Fig. 9). “The ¥2 folds are overturned end face
. . " ! 4 "

upwards to the southeast; the lower limhe‘of the anticlines .are longer
than the upper limba. N

~ To the riortheast of Roti Bay F2 Tolding haa affected the bedded

nsammitea-(Pl. 86) The folds’ dre close to tight and of eimilar type”
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.k:see Flinn,1962 - = -
'Z: long axis of the strain

" ellipsoid- . :

a: direction of D2

. transport
b: direction of F2 " F
© ‘fold axes -

"Fig.9. Variations Inthe valucs of k and the aftitudes of stmcttmsfomd during the sccond
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paamite bede. The axes are subhorizontal' they generally. trend towarde

—

. . the northeast. although on’ the coeat 2 km. south of the Big Rattling

s Brook Thrust the trend changes to northerly for 200 m. and then reverts S e
to northeaet,erly' .again, The axial planes eré subhorizontal or gently
. north dipping and the folds ere recumbent. The& have both senses of'

vergence with either the lower or upper limh on the anticlines being

‘ longer, the former type is predominant howeye;.

' _' ‘ In the eountry between Rotl Bay and the North Bay Granite. the

‘4

‘) subhorizontal F2 fold aﬁee trend north—-northeast ‘parallel to the granite
margin, theyaere discdrdant to the general trend of F2 axes and the
atrike{ of S2 to the south and east. -The axiel planea of the F2 folds,
-' vhich furlther eouth at the mouth of Rot:l. Bay are north dipping, flatten
out to horizontal around the northem part of Roti Bay and then become.
. _ ~ east-eoutheast dipping tlose to the granite (Pls, 32, 33) (Fig. 9), The
FZ folds which are of similar type, close or' tight, end aaymmetric have . |
‘ the sam":’senae of vergence as those on Bois and Riche{ Ialanda. The .
. - upwar‘d fecing enticlinal structures with ghorter upper than lower limbs
. become downward facing synformal atructr?r‘es as the attitude of the axial .

. : planes changes towarda the granite' the fac

ections in the rocks|
"around . the granite are extrapolated from less metamorphosed areas; 4

it ia assumed that there are 1d major Fl1 atructurea. Theae F2 folds

f - which involve the marginel 3ranite sills are beet exposed in the cliff : \
face northeaat of Pomley. Cove at the very )dge ‘of the main granite body. ‘ ;

In this exposure the axial planes of the folds have a maximum dip of 70°

towards the east' they can be traced along the’ north ehore of I.ampidoee '

> - Paesage towards Roti Bay as they become flat and. then assume a northweet ,

YL -
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d:u')' (Fig. 9). .Aiong .this' same ‘sectipn the trend of the folfl axes'
, changes from north-northeast parallel to the granite.‘contact to eaet-1
' northeast“parellel to the regional trend.
A similar change 1'1_1 dip of the F2 axial ,planes is ;;reset;t in
the southem pert of ~P6m1ey' Cove. Graphitic schist of the Isle Galet

Formation occurs adjacent to the assumed fault at the edge of “the

fq
o

granite. The axial planes which are subparallel °to bedding dip south
avay from the granit:e. Semipeli.t:lc sch:lst of the R:Lches Ieland
Formation which lies above the graphit:lc schiet forms the headland’
‘south of ,Poelley Cove where the 'exiel plar;es flhtteh out. As the dip

. becomes northward further south the graphit:lc_'schist~reaf>p.ears. - o ‘

- - . ‘ ' i

1

Schistositz’.‘ . The axial planes of the F2 folds are marked by 52, -
- which is g’enerally p'enetrative or crenulation schistesi;y, although in
( - some of the psammitic beds it is a fractnre cleavage. The fabric 1is
| also present in the outer perta of the North Bay Granite. S2 has been _
used as the princ:lpal indicator of. vergence in the Riches Island e - _'

. Formay.ion, :lt generally has a gentler dip to the northwest or a ateeper .

dip to the southeast than the bedding. L o . . L . .

‘Bm‘uii g' . D2 boudinage 18 common in the granite sills at the
margins of the North Bay Granite (Pl 34). The boudin axeés ‘are parallel
to the F2 fold axea and as the trend & the fold axes changes away from

S the granite contact so does that of the boudins. Elsewhere 1n the
| Riches Island Format:ion boudinage is rare, but where present its orientation .
is different (Fig. 9), the boudinage axes are formed at- ‘right angles to

.

the F2 fold axes (P1. 87)
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Strain ellipsoid, ' Strain indicators within the Richeé'lslane

Formation were found at two localities, At the mouth of Rit:i Bay, an |
intraformational conglomerate occurs with pebbles of paa te. Using

the strain ellipsoid of Flinn (1962), the'Y and Z axes are approximately

equal and the x axis normal.to S2 (and bedding) is one eighth to one
half the 1en3th of Y and z. The original shape of the pebbles is un-
certain, some of them may. have been flat when they were deposited.

'i'he equivalence of Y and Z however implies a k-value appro_aching zexo

-

. (Fig, 9. U S
v On the east coast of R:Lchea Island an amygdaloidal metabasalt ‘
occurs {(Pl. 62).' The shape of the amygdales before deformation is
again. uncertai'n. They now have apptoximate axial ra.tios of x - 1, o
Y =1 2, and Z = 3, where X is the ‘ditrection of flattening normal to
S2 and Z is the direction of maximum ‘extension parallel to the F2 fold \

agxes,

Hajor atructure. The mesoscopie folds; the’ SZ bedding inter-

.sections, and the facing directions in the Riches Island Formation

=

' indicate major :e,cumbent anticline closing qpvarda to the. .eoutheast

(sections C-D, E—f) The rocks pr'esently exposed belong to the lower °
1iob of this fold; the psamnitic rocks northeaat of Roti Bay have a

_varying sense of vengence and this may indicate that the core of the

7 fold is being approaclted. This core is cut out.by the Big Rattling

' Brook Thrust west of Bay d'Espoir, on the east side of the bay the -

Riches Island Formation grades into the St. Alban 8 Formation whose

. structure has already been, interpreted 88 elose to the: central patt of

a tec‘umben,t anticline. The axial planes of the ninor folds dip sou"thedet

4
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north of Conne River, 80 that the core of the major structure is nowhere

»

below the Sﬂel,of‘erosion. | g B )
0 . In the margins of the North Bay- Granite the metasedimentary
,sheets are near vertical and the minor folds suggest thst there is a
downward facing antiform (the facing direct{h is extrapolated from
less metamorphosed areas) 'I'his antiform is complementary to the main

recumbent anticline forming part of the Bay d‘Eapoir Nappe. .

1516 Galet FOTRAEIon - . " SRR

f‘olds;'. Close to tight FZ folds are- exposed in the thick o Y

graphitic schist aequence in Lampidoes Passage, where they alao affect

.

pegmatite and aplite veins of leuct;cratic garnetiferous 3ranite. The -

folds are of similar type and may be up to 100 m, in amplitude, the

axes are subhorizontal and the :axial planes are horizontal to north

dipping. The incompetence of the schist has given rise to considerable,

conplexity in the foiding, and the sense of _vergence is generaliy obscure; oy
vwhere grani‘te‘ veins are involved, however, on the west side of the

passage, these define antiforma with shorter upper limbs than lower. . B

To the east of Bois Island, northeast from Cape Mark, mesoscOpic

- F2 folda affect metagraywackes. _The folds are tight, of s‘imilar ...t)f_pe,

.bedding; they/imdiute—that—the folds- face Mpwards to the southeast.

. and have vavelengths of about -10 m, 'The fold axes are sibhorizontal and

the axial ‘planes dip north at about 50° .. The upper limbs of the folds,

’ Lo
are shorter than the lower. Tops can be detemined from graded and cross, o

- Hinor dismembered F2 tight to isociinal folds occur in quartr
segregations in acid crystal tuffs and graphitic schists near the Day

- eps

-

.« .
- - ' :
. ST e,
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"Cove Thrust (Pl. 88); along the north shore of Simmond's Barasway there

are tight F2 folds up to 30 cm, in wavelength in'smphibolite sndnmsts; - 7
graywacke (Pl. 89) No . consistent sense of vergence is indicated by

these folds and at Simmond's Barasway the axes plunge in various

directions in the plane of SZ.

-
a

At two localities F2 folds sffeet ena&;e sheets of crystal.tufgsd
About 100 m, southuest of Raymond Point‘there is an isoclinal recumbent . ;:i
fold in a sheet over 10 Q. thich.‘ The fold axis and- axial plane are
‘subhorizontal although the §2 schistosity is north dipping both north ' L
of the fold and to the aouth. _ The upper limb of the soubh closing fold :
is shorter thsn the lower. The crystal tuff in the core of this fold
.is almost unaffected by D2 and has been used.for the earlier.petrographic j
: descriptions.. " | |

A large recumbent fold in both acid and- basic 'volcanic rocks | " :-
forms Isle Galet. The southward closing hinge is exposed along the , oy _i' e
southern shore and the northward closing ‘hinge is seen in the cove on
the northwest side of the island. The hill in the centre of the island
is capped by crystal tuff forming the upper limb of”the northiclosing.
fold. The fold limbs as presently preserved are not- long enough to”
give a sense of vergence but stratigraphic tops have been determined ‘ o

from grading in ‘bedded tuff on the southern shore and indicate that

the folds face upwards to the south 3 E . .' ' "n' ',1{

Schistositz[ The 52 fsbgic is developed throughout the Isle -

< Galet Formstion. AWay from the Day Cove.Thrust, on. Bois Island and

sround Barssway de Cerf, the bedding consistsntly dips more steeply to :

the north than S2. Close to the thrust on the southern side of Bay

e -

Ve
8.
s,
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d‘Ehpo:lt, the bedding and S2 arens'ubparal;lelg in the‘ac;ld crystal tuffs
thel.:é has been minormyl‘o'n:l:tiz:ation wh:llht in the grai»hitic schists

. there  are numerous anastomosing 'shgar sur_f,ates. A lineation, s;{hhorizontal
~and parallel’ to that in thé- mylontt:lc rocks of'thé .L'ittle Passage Gneisses, .
:occm':e on this side of the bay. ' o - , \

Thrust faults. . The graphitic schists that separate the sheets

of volcanic rocks on the souchem side of Bay d' Espoir have been

"tectonically disrupted during the gecond ' deformation. - They are ftagmentéd '
by '_.sal‘nel:w‘cn:k° of shear surfaces, and ‘at their margins-may include piecean
of thé gutround;lng volcanic rocks '(Pl. '69)-; they generally contain
numerous rolled quartz segregations. It appéats that .aome 6f the
movement aseoc:lated w:lth the Day Cove Thrust has been taken up in theae
schigts. . R | |

. Similar tectonically disrupted Zones occur in the acid cryatal : . '
tuffs north of Dolland Bight and at Pattick'a Harbour. The rock has
been reduced to a toarse quartg-.muscovite schist with rolie& quartz.
§egregations. - | : . . -

The tectonic zonea vary from 5 to 100 m. thick :ln the graph:ltic

schist, but are not less than 20 m, thiclc in the volcanic rocks.

oo T

Boudinage. Secdnd deformation boudinage is common along the - ~ _

/.
south coast of Bois Island and east of Cape Matk into Simmond's Barasway. /

~ The boud:lna are generally formed in bands of basic igneous tock in ' // 3
- Bemipelitic or graphit:lc schist (Pl. 90); however they are best develo;ed - .
in the bed of siliceous marble that occurs about 3 km. east of Snook's /

'Harbour (Pl. 91). The’ predominant trend of the _boudin a:;es is app’rox:l.matelﬁyh:.‘

- 2 -
. - . 7
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: of an anticline facing upwards to the south (aeetions A-B, C-D, E—F).

130 . -

’

southeast normal to the F2 fold axes (Fig. 9); boudins heve also
formed, hoﬁever; with axes nerallel to the F2 fold axes, and ehere-the

two directione interfere with each other the competeut horizons are
- b b A

divided into disc shaped fragments.
Boudinage is rare ~along . the southern shore of Bay d' Espoir, but -

where 1t does occur the boudin axes are normal to the F2 fold axee.

Strain ellipsoid. A partial estimate 6f the dimensions.of the

. strain ellipsoid'in‘the'lale Galet Fogyation can be made from the

lapilli occurring in acid volcanic tuff at Flobber Coye on Bois Island

and near Raymond Point. (PL. 64). 1In both cases 82 is aubparallel to

bedding and the original élatness-of the lepilli is unknown' thus the

X dimension is not a reliable indicator of flattening. At Flobber Cove

the ratio X: Y. z (Flinn, 1962) is 1z 2: 4 and at Rdymond.Point it is

1: 2 6. In both inatancea there.is definite extension along Z parallel
Co e

to the F2 fold axes; this agrees with the main direction‘of extension

indicated-by the boudinage axes and by the mineral lineation (Fig. 9).

Major structure. ' Bedding tope and the sense of,ﬁergenée' f 5.
derived from folds and the SZ bedding interaections in the Iele'Galet

Formation indicate that the rocks preaently exposed form the lower limb ‘ o

This interpretation agreee with that for the Riches. Island- Eormation

‘ which forms the northern part of the structure and with vhich the Isle S

7

Galet Formation is conformable. This anticline, the Bay d'Eapoir'Nappe,'
lies In contact with the basement along the Day Cove Thruat. and the .
tectonic diaruption in the grephitic echists and volcanic rocks along

the sOuthern shore of Bay d‘Espoir reflects the proximity of these rocks _:I,-. ﬂ;fg
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to the thfus;. The basement-cover t.font‘act and the fold axes in the. -.
B N N -8, ) o .
nappe havs an -arciate trace forming pari: of the Hermitage Flexure

(Hilliama', Kennedy and Néale, 1-970). - The boudinage, ’growth 1ineation,
. and' stretched 1ap111i in the _sout:hemf;xpari: ’6f Bay d'Espoir indicate

extension parallel to F2; this is conafdtent with the nappe having

:i - ’ ed , . . . . . * N ] \ = “
. moved out from its root along a front that was convex to”the southeast.

, 4
)

o

Major Thrust Fault:s ]

There are two major thrust fault:s in the Bay d'Espoir area.
Both are asso«:iated with the £0rmat:lon of the Bay d'Espoir Nappe and
_are of D2 age.. The most 'fundament;; of these ia-the Day 'Cove Thrust

i "

which forms the sole of the nappe ‘and. btings cover rocks into tectonic ." S -
‘contact with the baaement:. Metamorphic and structural convergenc;a .
caused by the- rec,onatitution of the basement obscurm the contrast between
thp rocks on eactf oide of the fault' a. useful aid in recogniz:lng 11:

| is the common occurrepce of .ga.rnetiferous_ -leucocratic granite veins in . s
the bansement rocks and their aosence in the covet; - The ‘grhni.te oeins.‘ |
are. of HPl age, and 80 confirm the age of movement as .D2. - The fauli:’ ia -
.well exposed north of Dolland Bighl:, ‘at Hat:chér and Day Coves, and at
Patrick's llarbour, with poorer exposure at Harbour le Gallais. It
probably ext@ndB_Weptwards north of _Great_Jervis Harbour to Facheux Bay

- but _the natu:"e\ofﬂthe contact in this area ':l-}s unce‘t“g:a:!.n.l The fault 15
markeci by a mélénge up. to-ZO-m. thick; it cont:aiho slices of tlast:omyiori:lto:

s

derived, from the St::lckland Cove Zone of the basemeat in a mat:tix of | .
graphitic schist. . The schiat is cpt up into lenaea 1 to 2 em, thick by
. anastomos:lng shear surfacea' there is a l:lneation on. the surfacea caneed

by crinkling parallel to the F2 fold axea.. The blaa:omylonite alicea L
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" are generally less than 10 cm. thick and 2 m, long and may have the e /
\ ¢
euperficial appearance of psamite beds' they are oriented parellel

to SZ. Southwards there :l.s a gradation from the mélange into the B N

mylonitic rocka of the baaement end northwards the mélange is every-

where overlain by acid cryatal tuff « T

a,

The second major fault in the area is the Big Rattling Brook
'l'hrust which underlies the St. Alban s-and Roti Steady Formations. 'rhe

fault crope ‘out along the eouthern edge of the ‘St. Alban s Formation. o N S

’

,‘Northwards through Roti Steady :lt probably b:lfurcatee, separating the :. y P

o

Rot:l. Steady ,Formetion from the N’orth Bey Granite and the St.- Alben 8 e :

Formation from the Roti Steady Formation. The fault zone is only ' Ly o
expobed/ in two places, on" both sides of Bay d‘Eapoir. Un the west ehore SRR
the zone ?f faulting lies-just 'eouth.«of Frenehman cove. ‘:Garnet:lferoue . o L
sem:lpelitic. schist, .typical of the Richea Iqland Formation ie overlain ,

: : ' /
by a graphitic schist unit, 10 m. thick; the -nraghitic schist has_ been

fragmented into numerous: flakes and lenses less than a -centimetre thick = R

by a fine networic of ahear eurfacea. Abo e the eehiet are pelit'es'angl
‘o

siltstones that have been tightly folde by D2 and contain rare MP1 \f‘{ -
) . e~ 2
gatnet grains. On the north aide of F/ nchman 00ve are typ:lcal . S B

1nterbedded siItstones and pelites of the St. Alban' 8 Formation; K - o A

metamorphism 1s at blotite grade. and the rz fblds are open. ‘ R

The Big Rattl:lng Brook Thrust on the eaet eide of Bay d'Eapoir N - R

-

occura in biotite grade peliti.c rocks with rare ailtetone beda. The D2 .‘ Co e

' fabric is a penetrative echiatos:lty and the F2 ‘folds are close to tight. ‘
The rocke grade eouthwardn into garnetiferOue eemipelitic Bchist, but

‘ ‘ad’roae the fanlt zone there :ls no change :ln lithology, metamorph:lc ;
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about 130 m. apart' in both cases there is a- breceia 2 to 10‘!;: thick

consisting of 'lense shaped- houlders up to. 1 m. across’ in- a brecdiated :

,dipping approximately 20° to the north at elightly‘ steeper dips .than SZ S ~_ o

grade rocka into contact with granite, and aillimm{ite and kyanite schist» “'.v'.ll,x:.«i

\t:onne River. 'l‘he fault appeara to have formed by the breaking of- the IR o

-those with east-northeast trending axes, thoae with north trending axes, b .' R —

‘ao their mutual r&lationshipa are unlmown.

;;-‘ S - : - . ‘.' ‘,"H :; - . 133 .
grade,x or structural Btyle. The two major faulta in the zone crop out . .

’ - v
A . . t

. . : : . __%p. . e
pelitic matrix ,(Pl. 92). Thé boulders have a pre-existing cl%aVage : e

k.,_
which /doee not appear to have been formed by transposition of an |

] o s

earlier fabric. Beneath the breccia there are poliaheda fault planee
in the immediately surroundin§ rocka Slickensides plunge down the dip e °

of ethe fault planes. 5 . . ’;, . o

\ Lo R

* There ie ‘a consi,derable ch nge in the significance of the Bi 4
" s

Rattling Brook Thruet from west to eaet. In the west it brin,g& bio_t\te : ,

.-

(section C—D) Eastwards the contact in the rocks on either aide of it v e i v

.d:l.miniahea (aection E—F) and the fault may . fade out altogether eaat of

- ‘~._u ) A

Bay d'Espoir Nappe on the rigid structural high of the North Bay Granite
and enclosed gneisses. . oL o ' . C

‘a ‘\ . ) . -" A : . -
N - Post D2 ll?oldiqg' : T s
- .._;—-———:' - ' -'..“ . . - . Lt ’

+

Folds formed after the aecond deformation fall into three grbupa, o _‘-‘,'-“;};

W

and kink banda, Nowhere were two of these sets .of folds found together, ',
. il IO ‘ _.‘ v ’

’ N ¢ . '\\
e - . - R

The folda with east—northeaat trending axes are cloae and generally

.of 'ﬂe"“”al 311? tyke; they fafel}' exceed/z/ :l.n wavelength and the axial ORI

L

: planes dip to the south’ at between 40° and 50° (Pl. 93) " One occurre_m_:e "
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£ “of theae folda Nas already been ‘noted from the Stickland Cove Zone ‘of ._: . E
. - ?a . .
o . . the Little Paeeage Gneiasea' in the Baie d‘Espoir Group they oceur. moet - R
. : commonly on the eastern end of Boia Island on Riehes Ieland, and a &f

e EEE VI
- .

notthwards towards St Albnn s.‘ At one locality oppoaite Frenchman

E

X . Gove an axiel planar crenula;ion cleavage 19 developed (Pl. 94) . v

. _ - The folde with north trending axes oecur-on Boie Ielend weat
R N : B of Snook's Harbour, and are well expoaed in the aouth facing‘cliffa.

They ‘are flexural elip type box_ folds with conjugace axial planea

. : dipping steeply east and wes:' eynformal atructuree are more common, |
N a

then antiforms. - The 1imbe of the folde;are gegerally at least 30 m. . =

- in length (P1. 95). PR I . :
- ) ‘ . T o e
Kink bands a few centimetrea wide occur moat noteh;y,in the . ;

cid volcnnic'tuffa of Raymond Point and Isle Galet (P17 96) but are ; ' u; .

g also found ;nulithologies throughout the Bpiévﬁfgeggiircrqyéf;%l. 7). -
The°k1nk pianeeQEErike‘npproximately porth-eou;hiand dfp eteeply easat 'f_:: j“c
;Lnd'oeeﬁ; the coinci?eoce in orientation withLEhe axial planeé;of the

Cot ; '.box folds suggests ;het}toey maf be related. - , ."“ L '_??Z= . -

- , L
. s . - - . - v

L SUMMARY AND DISCUSSION .. . \

Ed o .

8

The deformations that affected the rocks of the Bay d'Eapoir

if~ area can be_d}vi@éd,into_;wo groups, those thap'afoEted-only the
, Little Paeeage'Gneiseee ahq those that affected bothﬁﬁhe gﬁeieses and T

.
' T . . X [

the Baie d'Espoir Group. e ’ ) ' e T u_ .

d - S The first grpup wae teapons;ble for the folded banding in .the’

, . . amphibolitic and paammitic gneisees, and for theinhomogenaouadefOrmetion“

a

g‘ Z," ' of the tonalite that intruded them. ZDnes of intenee:strqin eu;_through.,

.-




_and many others. ) . °

"Belt (e 8. Rast, l963),.or ;he Fleur de Lys Sdpergroup in Newfoundland

" Gneisses, the Baie d'Espoir Grouo, and the Nortn&bay Granite. This .

the tonalite and separate
recognizable. The\style of deformation is similar to that described

from bagement complexes by Sutton and Watson (1950), Kranck (1957),

. Ny

-~

- The Littlé\Passage Gneisses were'intruded'oost-tectonically\By .
. N .
the Gaultois Granite whi\h pre-dated the second group of deformations, ™~

tﬂbse affecting\the Baie d spoir Group and causing reworking of che ' \\\\\;\\\
basement. There were two regi ally-developed deformations, D1 and D2, ‘

further reworking of the basement. The style of deformatilo was similar

to that found in, for instance, the Dalradian Series ‘of the Caled

(Kennedy, 1971) The reworking of the basement rocks during the cover

-

deformations is comparable to that described by Sutton (1972a, b) from

County Mayo, Ireland and from Kaipokok Bay, Labrador, by De Swardt

(1963) from’ Zambia, and by Haller (1971) from east. Greenland.

.+ The description of the structurad geology of the Bay d'Espoir

-
V-

area in this atudy has been mainly concerned with a narrow belt normal )

to the regional trend (Map 2). The principal object has been to deacribe

the rélationships between the, Gaultois Granite, the Little Passage

N ¥
L
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approach however, tends to ignore one- of the most notable featuresaif j{

the geology of Bay d'Espoir, which ia its position on the axia of ‘the

a

Hermitage 'Flexure (Williams, Kennedy, end Neale, 1970). The flexure

' 18 the marked change in structural trend from northeast around.the

-~ ]

Head of Bay d'ﬁspoir‘to_esst-southeast at Richard's Harbour (Map 1).

.\\Filliems, Kennedy_and”Nesle proposed that the chsnge was caused by

.(' Devonian folding around a nbrtherly trending axial surface. Although

this atudy has confirmed the existence of the curvature in the '_' .

structural trend, it has become apparent that the curvature is original _
\\\T<\\ . and not formed by leterufolding. The following points lead to this ' ‘ T
' ~. conclusion. | '

| o~

1. There is evidence that the axis of the Bay d'Espoir Nappe was
originally curved._ Boudinage axes, the shape of lspilli in the tuffs,-
and the growth'lineation near the Day Cove Thrust all suggest extension

during the second deformation parellel-to‘the F2 axes in.the.outer parts’ -
of. the nappe. In the more central parts of the nappe near the North

- ‘ . .
Bay Gra%ite there are no euch indications of stretching psrallel to ¥z,

>

=

[

This, strsin,configuration is consistent with tectonie-transport along’

) a front that was convex to the southeast. . .o .
e T , . [ 3! w
‘

g -2, If it is maintained that. the FZ fold axes were not curved when

'formed. a conplex series of flexures must be proposed (Fig. lO); because I

!

Y S .i the Fl axes have less curvature than the ¥2 axee; the fold axes are, in N
, general, subhorizontal. . The first folds would be £ormed with straight
‘axes, they would then be flexed 80 - that the cuerture wes concave to . _~ . f}x

the southeast while the FZ folds were formed likewise with Btrsight

v

' axes. " Both sets of fold axes would then be flexed in the Opposite _fff"'
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1. Formation of Fl"fpld axes -

é .
2. Flexure of F1 fold axes

3.Formation of F2 fold axes

1 “~ : . .. N
&, Flcxurc of Fi and FZ fold axcs
thc ch'nltagc Flexure

Flg 10. lllustratlon of the cownplcxlty lnvolw:d in formmg the, pnscnt
curvature of F1.and F2 fold axes In thc Bay ad’ ESpdrma by latcr s
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. case seems uﬂlikely. 1f the axia ‘of the Herm:l.tage' Flexure was steep

138

N

o di'rection so6 that the curvature was convex to the southeast. This 1is

L]

cleariy an unnecesaarily complex aolution to the problem.

3. . The fold axes formed during the cover deformtions are with few

exceptions subhorizontal, This implies either that any axis about

which they were folded was vert:lcal, or that the Fl and Fi axes had

“pre—existing plungea that were exactly compensated for by the plunge

and degree of £old:lng on the axis of the Hermitage Flexure. The. latter

‘or vert:lcal, there would have been’ major compresa:lon of the crust :ln
) northwest Newfoundland with folding and thrusting, conversely there
would have been major extensian of the crust in the southeast with

-rift:lng and probably :lntrusion of basic magma. .None of these features )

”

heve heen re‘ported; the only marked extension in the Bay'd'Espgi,r area
is ‘of D2 age and is reatrict’ed_to 'the,cover‘.énd the revorke'd basement ;
. t.cen he shown that ‘1‘t is centred on the core of the lo'wer.plart of the
Bay"d'Eepoir Nappe in the North Bay Granite. ' ‘ |
'?;. The principal feature that was noted by Hilliams, Kennedy and
Neale (1970) as describing the Eurvature of the flexure was the outcrop'

of baaement gneissea, wh:lch appeared to form ‘a linear- belt from Gander '

" .Lake through Bay d'Espoir to Port—aux-Basques. It has since been found

(Williams, 1970° J. G. Degrace, pers. comm. 1973) that these gneisses
underlie much of central Newfoundland and do not form a linear belt at

- . . - . A ‘ - . ‘ . . w .
Thus, although from a cursory examination of the. geological map

of Newfoundland (Williams, 1967), it would ‘aopear that the Central Mobile

‘Belt has been folded around the Hermitage Flexure, more deteiled
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investigation has shown -that it is in fact an original outcrop pattern
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: ~_ CHAPTER 6
REGIONAL CORRELATIONS AND INTERPRETATION -

~

REGIONAL CORRELATIONS

The rocks of Bay-ci"Espo:lr are of‘ u‘rxcertain’.ege and, therefore

must be correlatéd with: those in other areas.(Fig.. li)' by similatities

in lithologies, and structural and metamorphic ‘ﬁietor:les. " They consist

of fout-priﬁeible components: ' , °

' ;‘end an intervening metamorphism of _biotite to sillimanite'grade; the

1. The basement (L:lttle Passage Gneiases) with older mhibo.}itic

and psamitic gneissea encloaed in’ younger tonalit:lc gneisaes. AL

3

2. A megacrystic granite (Gaultoia Granite) » that post—dated the-
gne:lss:l.c banding in the basement, but pre-dated the deformation of ‘the
cover; it is not seen in intrusive contact with - the ctwer. @

3, The cover rocks (Baie d* Espo:lr Group) wh:lch consist of flyach
and vdlcanic tocks! and which have suffered two re_g:lonal defotugations g

..

second deformatibn,eauaed tﬁe fermet;lon‘. of a inajot southeast .f.acing ,
tecumbent fold which’ over-—rides the basement, )
4, A synorogenic leucocratic granite (Norhh Bay Granite) which

:lntruded the cover and the basement between the two cover deformtions* .

it is characteriatically garnetiferoua.

1

' .Correlations with the Gander Region ..
The correlation betwee/n‘;hewn'ay d'Espoir rocks and thoée _'argut}d'

~

.o’ﬂ .
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Bay d'Espoir Gander ‘Central Nfld., | Nfld. SW coast Nova Scotia
Garnetiferous North Bay ‘| . several ‘unnamed unnamed Coastal
leucocratic Granite and leucocratic leucocratic leucocratic Gnelsses
granite others granites. granites granites -
' Cover.' L Y Baie d'Espoir ' Gandef Lake . "imna.uned unnamed poaéib]:e
‘ - Group -Group . metasedimentary| metasedimentary| correlatives
. rocks? « | rocks? of Fourchu Gp.
.. |Megacrystic. '| Gaultois . Deadman’s Bay ‘ Buzjg;eo ‘Granite?}| xenoliths in
.. |granite Granite - ‘Granite. and - = .‘Coastal
4 S others Greisses
T .~ |Basement: . I:ittle Passag'e. : tmnaned l unnamed ‘gneiss | Port-atx- * | George River '
' : Gneisses gneissic -in leucocratic | Basques - Group? :
terrane granite. Cneisses ;

Fig.~11. Correlations ‘between the Bay d'Espoir area and other parts
“of Newfoundland and Nova Scotia (see also f&. 1z). -

3

. i'l’[
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Gender Lake was suggested by Snelgrove (in Jewell, 1§3'9) and. Jenheee
| (1963) on the basis of 1ithology and structural trend; the 1link bet:ween
the two areas was confiymed by the mapping of Anderaon and, Williams
(1970), In both areas it waa thought that a single conformable auccearsion
graded from sediment into gneiss with increasing metamorphism equth-,
eastwards. } o L '/ -
'{he radical reinterpretation of the g/eology of Bay d Eapoir that _ '

is proposed in this at:udy is matched by a similar reinterpretation in
the Gamioer region. Kermeay and HcGoni.gal (1972) have divided the Gander S
Lake Group of Jenness (1958) into three parta. .

1. 'I’he gneisaic /rrane on the nor\thﬁest aJ'uore of Bonaviata Bayl ‘
(includes part of the lower unit of the Gander Lake -Group and part of

the Love Cove Group of Jenness).

. ' 2. The Gander Lake. Group (previously mainly the lower unil: of the

Gander rLake Group). B : ‘ : .
. Thd Davidsville Group . (previously the middle in part and the

‘ upper units of -the Gander Lake Group) .
The gneiesic_terrane consists of

« « o migmatites in which the granitic fraction shows a gueissic
. banding that has been formed by the tratxspoaition of an earlier
banding. They contain xenoliths, from a few inches to 4 ft.

(> 1.2 m.) across, of even older/ rectonites. These xenoliths

range in composition from mafic to psammitic and semipelitic and
contain their own banded fabric, which has been -formed by the -
transposition of an earlier banding. The tectonite fabrics of
these xenoliths predate the latest band:lng of the encloaing . '
granitie gnelss; which forms augen around them.W - . ‘ - RS

LA

'l'heae rocks can be compared wi.th the’ Little Pasaage Gneisaes forming the
‘ ’ baeement ‘in Bay d'Espoir. The granitic gneiss may correapond to the ‘

tonalitic gneiss, whilet the older complex represented by Jthe xerroiiths

§ .
. - ”
e ..




‘may be equivalent to. the amphibolitic and psamniric gneisses, ‘

'intrude both the, gneisses and the Gander Lake Group. Their intrusion , o \‘ {",

, represented farther inland towarda the nort:hwes.t. IR ."=~

Kennedy and McGonigal describe the Gander Lake Group thus:e -

. 1t 18 at least 10 000 ft. (> 3600 m,) thick and consista
predominantly of aemipelitic and psammitic schists with minor
graphitic and mafic schists. The psammitic schist is locally
pebbly. The Gander Lake Group has been subjected to polyphase

’ deformat:ion and greenachist to low amphibolit:e metamorphism.

The lit:hologies are similar t:o those of the Richee Island and

'Isle Galet Formations of the Baie d'Espoir Group, differing only in .

the absence of acid volcanics. As in the Baie d'Eepoir Group the
principle schistosity is S2 and the FZ folds face t:owards the southeast,
there has been growth of garnet porphyrohlasts between the first and

"

second deformations ..

/

The gtanirio rocks of che Gander and Bay d'Espoir regions are v

- Bw

as similar ‘as the gneisses and/ metasediment:s.. bn t:he ahores of Bonavista

- Bay yegacrystic granite compa able to the Gaultoia Granite intrudes the

‘ gneissic terrane but not the metasediment:e' it post—dates the gneissic '

banding, although it has locally been deformed by the cover deformacions.

Garnetiferoua leuoocratic gtanitea similar to the North Bay Granit:e * ' .

~ post-dates . the gneisslc banding but pre-dates the ‘deformation of the . —

\

metasediments. They differ from the leucocratic granites of Bay d'EBpoir

“in having an obvidus early phase of intrusion before the firat daformation

.l.

of the cover, Lat:er granites 1in the Gander Lake region and t:he ultramafic
rocks deacribed by Jennese (1958) in the Gander River area have no ‘ '

equivalents around Bay d' Eapoir. 'l'he ultramafic rocks, however, may be

e
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o .Correlationa. with Central Newfoundland ‘

.

¥

The area northwest of liay d'Espoir from which the Bay d'Espoir

- Nappe was presumably derived has been mapped by" Williams (1970), and

‘Anderaon and Williams (197Q). They euggested correlations between the

Baie d'Espoir—-Gander Lake Groups and the metaeedimentary rocke in

. central Newﬂoundland south of Noel Paul’e Brook. These»'nocks have been -

/7 1

metamorphosed to garnet, etaurolite and sillimanite grades, and have

8

.been intruded and migmetized by gametiferoue leucocratic granites.

&

_ The geological telationshipa are aimilar: to those found in the margins

of the North Bay" Granite. north of Lampidoea Paasege. Gneiseea are
A

* " present in the gtanite and like those found in North Bay probably )

tepreaent a pre-existing basement.

The high grade metaaediments, the granite, and' the gneisses are -

overlain by lower grade gray and black alates and siltstones. Theee may

be équivalent to the St. Alban 8 Format:lo,,_of,the'Baiﬁ*Espoir Group, .
// .*

or else they m e/ocﬁﬁl/a/t—;l with the later:Ordovician Davidsville - (-

v

_ Formation of Kennedy and McGonigal (1972). ,-Occuxv'rencea of"u_ltijamafic:'

. o , :
rocks in'central Newfoundland may, at least in part, be equated vith
those 1n the' Gander Lake Group, R g

-1 T .t

' Correlations Along .thé Southwest Coast -of Newfoundland.

Williams, Ys and ‘Neale (1970) suggested that thé Bay ' :

'd'Espoir-Gander Lake Belt can be correlated with the roc‘ks cropping out :

along the aouth coaet of Newfoundland tuwarde Port—aux—BasqueB. They : ‘\
. noted that the regional atrike swi.ngs through ninety degrees around the

Hermitage Flexure between Bay d'Espoir and Facheux Bay so that it has a '~ )

i L T . " . . - a-
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“veetfnorehweaé trend; it cnrv-es, aronnd"the: Btirgeo érenite and eont':inues j'~ -
-in a southweeterly direction to.tne cgast near PQrf:-anx-Ba_eques. .
Moet'lof the gouth coas‘t ie' underlai‘n lay the" Burgeo Granit:'e whieh
is a megacrystic biotite granite continuous with :t_le Gaultoie Granite ‘
(Riley. 1959; Williams, 1971); it is similar to the Dendman 8 Bay and
\ | othet plutons in the north of ‘the island. West of the Burgeo Granite,
the belt of- gneieees and metaeedimenta 18 again exposed on the coast’
and its outcrop extends ae‘;far as the Cape Ray Fault. 'I'he fault: is
. coneidered l:o be of fundamental eignificence eeparating the Weetern 3
' Platform from aouth and eastern Newfoundland (Btown. 1973).
The rocke between La Poile and Port-aux-Baaques have been . h ‘
desctibed by Cooper (1954), Gi.llis (1971) and Brown (1972) N Cooper,, |
oworking" at La Poile, recognized the Devonian Bay du Nord Group and ttie
poeaibly Devonian La Poile Group. Brmm (1972' pere. comm, 1973),
N _ working farthet west has mapped a eeries of well banded amphibolitic
. . and psamitic gneisses, -the Port-aux-Baeques Gneisees, extending from
the Cape Ray Fault: to 'Rose Blanche. In the east these gneiesee have .-
been reconstituted and at Harbout Le Cou contain infolded eemipelitic N | s '_:_'.}
schists, the achiate cuntain- quart:z-gamet: banda and the garnet gra:lne o
' way l';ave atraight inclusion trails. oblique to the main echietosity. b _ . é'
'l'hey are similar in appearance to, the higher grade schiats o; the Riches T' _ T
Ieland Fomation in Bay d'Espoir. Garnetiferoua 1eucocratic granit:es

intrude the schists and gneiseee and ‘have been involved in eo@e of. the

L deformat:ion. o “ . .Im T o '. L S
. / ' . o . .-
\\ Although the Port-aux—Basquee Gneiases bear 1itr.1e reeemblance

S ————

// _to the gneisaes\ofT'a? *ESpoT) ; 19Tz _y. the eim:l.larity of the . -
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'?volcanic- rqcka. The basemeut com:ains much carbonate and is :not' 1ike

o, 146

o n o ”
possible cover rocks at Barbour Le Cou, the cover—basement relationship, ‘

and the pre=tectonic intruaion of garnetiferous granite suggest a .
correlation. The Devonian rocks at La Po:lle_, hmgevet,\/haz no known-
equivalents .to the east. ~

. L4
° (3

Correlations with Nova Scotia

L.
“

Rocks similar to those 1n Bay d'Espoir have been described from "
northeast Cape Breton Ialand by Wiebe (1972) A basement gne:lss complex

is intruded by a number of gran:lt,e plutons and As overlain by a cover bf

that found in'Newfoundland; W:Lebe_ tentativély correlated it with the

*  George River Group of southern Cape Breton Island (Weeks,, 1954). :

Amongst the granites that intrude the baaement but are not in
contact with the cover, are the so—called Coastal Gneiasaa which are
similar to t:he deformed gameciferous leucocratic gran:ltes of Bay d'Espoir '

(M. J. Kennedy and E. R. W. Neale, pei‘s. comm, - 1973). Just to, the north '

' of the area mapped by Wiebe. Kennedy and Neale have found previously

on Long Island Bay d' Espoir. ' The Rb/Sr age determined bz,R..COW

foliated xenol:lths of megaceyatic granite within the leucocratic granite’ :

ach:l.s asaociation is similar to’ that at the head of Sam Hitches Harbour L

t:he leucocnatic granitgs of’ Bgy/dlzs’ m m.y. * 40' it compares

wwf’sﬁm/ 80 from the Coastal Gneisses (COmier. 1972)

- 'I'he cover. rocka, wh:lch Wiebe: euggests may be cor;eiatives of

..

Weeks' Fourchu Group, consist of acid and andeeitic volean:lc.s :lncerca].ated

3

with black slate. They hmve been penecratively deformed at least twice

‘o

(H J. Kennedy and E. R." w. Neale, pers. com. 1973) and have generally

4
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been metamarphosed to garnet or-staurolite 3rede' the hetamorph:lsm 1s '

- | spatially related to the intruding gran:ltes, and Billiman:lte and

kyan:lte occur near'the granite mm:g:lns. The cove,r‘rq;:ks .may be gomparable
-« T ) " . o L oo
with ' the, Baie d'Espoir -Group,. especially:the Is}e-béle_t Formation. . b

‘ . N .
) N . . “y N [

.- : ' . ’ ,

. 'Regional Setting of the Bay d'Espoir Area

. s L The Baie d'EBp%ir Group has been correlated wit‘n metasedimentary Lo

and metavolcanic rocks. to the: northesst around Gander Lake, td ‘the-

’ L, -
. ' ’
.

:;:‘ ' northwest 1n central Newfoundland./ poss:lbly to the’ west at Hnrbour le Ccm, :
— and in No:ra Scot:la on’ northern Cape Breton Island In each area these | » | :

R rocks lie on a cont:lnental—type basement (F:lg. 12). At Port-aux-Basques _ R
i o B the basement extends westwards to the Cape Ray Fault which hqg been . L

interpreted as~ a cryptic suture and the s:l.te of a former ocean bssin 4 't . h Vo

oo : (Brovn, 1973) Here and possibly on the Aspy Fault: in Cape Breton Island . i '

the basement of ‘the eastern side of the Appalachians ie in contact with

-

e the basement of ths weatem side. ‘ ' o oo IR i

f Ly

k + r

o ‘ ' '. ‘ The line of the suture mna northeastvards (Fig." 12) H along

» Noel Paul's Brook whe.re its poaitlon 18 occupied by a narrov str:lp of [
_'_,____._M—-r»————()rdov:tcian—and S:llurran“‘rocks’”lt‘“forms the northwest edgeaof the s B

.

granitic and gneissic baaement 1n aouth central New.foundland. On the

western side of these Lowen Pa‘laebzoio rocks are granites and gneisses ‘

.o (Riley. 1957, Baird, 1960 J. Degrace, peru‘ com. 1973) which may :l,n'

[

part represemt the northern continuation of the basement on the west s:tde

1)

,:) : '_ ST i of theﬁCape Ray I'ault.A' e - ; - IR _ .
o ) ‘ ’ T ’ ! : o : ".:' - [-",,I'

In northeast Newfoundlsnd the Lower Palaeozoic rocks of Notre T i"’ ";

o : . “ Dame Bay separate the marginal metamorphic belts of the Burlington o
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Peninsula in the west and the Gander Region in the east’(Williams, 1964),

.rocks of northern Cape .Breton' Island'wi'th the Fourchu. Group.farther

~ . .
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They form an area of possible oce‘anic-type crust ‘(e.g. Dewey, 19693. Bird

and Dewey, 1970; Strong, 19-72) separsting two areas which are, at least

in part. underlain by granitic gneisses' they may represent the s

'extension and incompﬂ.ete closure of the Cape Ray Fault ’ and/or later .

:‘renewed spreading along the lins of the ,fault.

The Bay d'Eapoir area lies about 100 km. from Noel Paul's Brook

and ,the edge of the basement rocks of" south central Newfoundland. The

»

direction of tectonic movement has been from the northwest, and the basic

r

influence on the geology of the area'has been the interaction of this

segment of the continental crust with whatever rocks‘have from time to

time lain immediately to the northwest of it, - o

‘The southeaatern margin of ‘the Bay d'Espoir ared 18 marked by SR

.-

the Hermitage Bay f‘ault which separates it from the less deformed and

kK

metamorphosed rocks of the Avalon Platform. The fault has a marked topo- J

. . ] [
graphic expression and forms a chloritized shear zone through the granite

at the head of the bay. The fault line is'repreaented on-Bonav'istanBay
by a milonitic zone from 300—500 m, across (F Blackwood, pera. _comm, o
. / .
1973).. ‘No certain correlation can be made across the fault because there :

1o

id a marked change in sedimentaryl facies, and structural and metamorphic ' .

‘histories. - Wiebe's (l97'2~) tentative correlation of the deformed volcanic .

-

south is tantamount to matching the Isle Galet Formation with the S
Husgravetown Formation of the Avalon’ Platform. Whereas these volcanic

rocks may “be time equivalents and even due to the same megatectonic

proceas, the uncertain age of - the Baie d'Espoir Group and the 1ack of

-~ - - - -

) R . - ,- R 1
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continuity across the fault make such™a correlation extremely tenugus. .

- i N

AN INTERPRETATION OF THE GEOLOGY OF BAY D'ESPOIR
[ . '

- - SR . - N 9
. - . ﬂ Pre—Orogenic History

¥

The history of the’ Bay d Espoit area before the deformation and
: metamorphism of the covet rocks involves ‘three stagea. Firstly. the -
'formation of the basement gneiseea about which no interpretation will‘

be made, eecondly, the depoeition of the Baie d'Espoir Group, and

. thirdly, the intrusion of the Gaultois Granite.

Depoaition of the Baie d'Espoir Group

-

Two principal faciea have been recognized, the flyach—type

T

deposits of the St. Alban' s, Riches Island, and Roti- Steady Fotmations,
and tha volcanic rocks of the Isle Galet Formation. Both facies were -
deposited on or close to’ continental-type basement since the flyach is
rich in quartz, and fragments of granite and gneias occur in ‘the Isle '

Galet- Formation. .: N e S

o The_flysch succession, consisting of*conﬁoeitionallg,matore '
turbiditee; ia nost'indicative ofidepoaition'on an Atlantic—tyne plete\P
_margin (Reading, 1972). The ptesence of acid and basic yglcanic rocks
‘1ying sttdtiguaphically above the flyach ‘suggests the development of a
'aubduction zone undet the continent and the change to an Andean—type

| .margin. The pfobable tuffaceous beds in the St. Alban’'s Formation may
indicate the start of volcaniam during the deposition of these rocks,
- but not necesearily in the immediate vicinity., Since the only apparent

major auture that has, been identified in Newfoundland lies to the

4. . . ° ~ . v .- ey -



asaumed to have been eaat dipping. Isﬂébhould be noted that the above o
" interpretation ,of the origiq of the Isle Galet Fpmation volcanic rocks .

‘18 based. entirely op"non-ehemical information; ,a"cohaideration of the

'_-151'."

northweat of Bay d'Espoir, a eubduction ‘zone beneath this area - ia o ) - i . ':‘

'

c.hem'iia'try of the rocks is hecessary to reach any final _edn'clusions.
The Gaultois Granité ' T ’

..megacryatic granites around Bonavista ‘Bay ‘are’ seen intruding the coVen '

- _interveﬁing metamorphic climax assoclated with synorogenic granite o

,intrusion.

[
This granité was intruded Anto the’ Little Passage Gneisses

- - before the deformations of the Baie d‘Eapoir Group. Neither it nor - the

o, »

'rocks 'I‘he granite is therefore thought to be earlier than or

s...l

z N 7

aynchronous with the deposition of the Baie d'Espoir Group., ,

W. L. Dickson (pera. comm. 1973) conaidera the megacryatic

- J

‘granites of the Gander Lake Belt ‘to be due ‘to part:lal melttl.ng of oceanic

. cruat above a subduction zone; the evidence for thia theory ta’ the 1aw

St 87/86 initial ratio of 0. 704 0.003 (R. Cormier, pera..comm.-1973).~..

. g B B [ B R
g 'Although this haa been taken aa indicative of 'a probablé oceanic crust - o,
\\_\\\ ) 4 .
origin in the Mesozolc Sierra Nevada batholiths (e.g. Kistler and : T e
: i .

Peterman, 1973), it does not neceasarily apply to the Precambrian mr' =

.
¢

Lower Palaeozoic Gander Lake area. therefore apy\interpretation must be. -

tentative, -

[

’.‘;r Lt
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" The Bay d'Espoir area uhélerx'\ren‘t two major 'de'forma‘tipns and an -
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Metamorphism snd the North Bay G'ranite Intrusion

'I'he regional metamorphism of the Baie d'Espoir Group belongs to
a s.lightly lower pressure facles series than the kyanite-sillimanite '
series of Miyashiro kl%li It is the type of metamrphism expected in
" the high temperature metamorphic belt of a cordilleran orogeny (Dewey

. and Bird, 1970)

-

L2

The intrusion of the garnetiferous leucocratic North Bay Granite

was ' spatially and chronologically related to the metamorphisw near

v

Gander Lake however similar granites were intruded earlier, before the
: first deformation. W L Dickson (pera. comm. 1973) considers the
leucocratic granites 'to be the product of partisl melting of the -

‘,continental crust. He citea as evidence their enrichment in.potassiom, §

o : s,

rubidium and silicon. and depletion in strontium, calgium, magnesium and .
‘ iron' they also ‘have a low potassium ! rubidium ratio. . Their St 87/86

iritial ratio of 0. 706 +'0.002 (R. Cormier. pers. comm, 1973) ia higher
=~

than that from the megpcrystic granites; the difference is8 so slight,

_however, that it is not conaidered to be significant.

Deformation

There is a difference between the relative importance of Dl and
. R
- DZ\atructures in the baaement and in the cover. The first deformation
caused no recognizable major structure in the Bais d'Eapoir Group.
A

whereas the second deformation caused the fqrn\ation of a msjor recumbent’

"fold the Bay d' Espoir Nappe. ‘In Contrast in the Little Passage Gneisses'

and Gaultois Granite, the effecta of the first deformation are more .

"-

wideapread than those;. of the Bsecond. The zone of Dl reworking in Little




T L
Passage extends farther south than that of D2, and. the fabric in much
of the ‘Gaqltoia Granite ia éttributed to the firaé: qefbrmation.
‘Within the map area of-eéatern_ Bay d'Espbir, thé spasiall
relat:lonahip' between the D2 basement teworl{ing and i:he- Da*y Cove 'i‘lirusc

impliea that it is aimply the result of cover—-basemenc 1m:ernction. as

toppoaed to the more pervaaive deformation of the baaement during Dl. ,
However the -second deformnt:ion cataclaetic zone no:thwest of Muddy Hole

s r

‘18 3 km, from r.he outcrop of t:he Baie 4d' Espoir Group and 1nd1cat:ea that'

",

-,major strain did take place within the basement complex away from the

- -~

qovern

A S

* The deformption thlnt is obs,‘erved_ wi;tﬁin'thg Bay g'ﬁspoig afea
1mp11‘e§ mnjor conpres.éibn.of the continental cr;xst. This,m?y be Jdua' to
_ either a‘ cordilletan or collisvion-typ‘e orogeny (De'wey and'Bird. -1’970)‘..: |
.In the case of a cordilleran orogeny, 1gneous 1m:rusion would be

expected to pre~date DI;. leucocratic grnnitea of thia age do occur in i

the Gander region -and may well be present to t‘ne northweat of Bay

" d'Espoir. - 7. T o ‘
. . 1\)['

Plate '}ectoﬁic"Sétting‘ 5 . S S

The geology of the metamorphic belt of which Bay d'Espoir 18 a '

* patt, and the presence of a major suture, the thpe Ray F'au_.lt,' to the
west, suggest an eastward‘dipﬁing subduction zoné. Such ‘a.'aubdt_n‘:tion.

zone was proposed'by Strong et .al. (19745 from the varifation in <the
. N . . » * e ' - .- .“’ , '

-'ziotassium éc‘mtent of the gﬁmitie rocks oerewfoundland. ' Théir cIa:lm.-

r

: although it is not clearly shown by their diagram. that - there 18 a

’general increaae in potassium eaatwards.' Thiq they co_mpare with the-

.
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increaae ‘of ootass‘-ium away from the' coast in-the we:etern'. Cordillera of
' th,e' hUnited S.tates (Bateman‘an'd Dodge, 1270):. |
o This aubduy:ion zone could ,haue cauaed moat ot a11 of thei
geoldgical relationships in the Bay d Eapoir area. HoﬂeVer it seems ..
¢ likely that much of the defomation was the result of continental
-colliaion ‘between eastern and western Newfoundland along the line of
. the Cape Ray' Fault. Such a colliaion would be expected to produce -
structurea combarable to, those 1n the Alpa or the Himlayas, the |
recumbent folda and. basement reconstitution in the Bay d'Espoir i
. metamorphic belt make this area_a 'prime candidate for auch a compariaon.
| 'rhe date of clomalong the euture has not ‘been determined on
the Cape ‘Ray Fault itaelf. Aasuming that-all. of the deformation i.n the
Bay d'Eapoir area was caueed by continental colliaion,..the radiometric -
age ‘of the leucocratic granites would place it at about the beginning
of 'the Cambrian. Thia conflicts, however, w-ith other linea of evidence,
’ for in;tance the end of.faunal provinciality in the Middle and Upper S
Ordovician (Wilson, 1966 A. Wil.liame, 1969) A\r the Middle Ordovician
emplacement of the Taconic klippe on, the west coast of Newfoundland
(Rodg_era and Neale, 1963) The only definite limit that Fan be placed
on, the.'def-orniatio'n of the. Bay 4! Eapoir-‘cander Lake metamorphic rocka '
*.themaelvea 1s. an upper one' the inclusion of deformed Gander Lake &roup

) fragments in the Davidsville Formation (Kennedy and HcGonigal 1972)

indicates defonnation before the end of the Middle Ordovician.
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CONCLUSION = - -

The rocke of'Bay d'Eepoir uere formed at a continental margin,
and are in part the volcanic and plutonic products of an east-dipping
eubduttion zone. Both cover and basement were penetratively deformed'
. :twiceftf:)rmin.g, during the second deformation, a major recumbent fol:l
‘ the Bay d'Eepoir Nappe. Huch of ‘the deformation was probably caused
by compression of the crust during continental collieion.A Synorogenic
granite intruaion and related Barrovian—type regional metamorphiem can
be attributed to the high heat flow of thia kind of plate tectonic
régime. s R o ' o
| Correlations can -be: made'with racks' that haVe similar
depositional, intruaive, metamorphig, and etructural histories; these

;
"occurdin the Gander region. Bouth central Newfoundland along the
'southweet coast of Newfoundland and in northern Cape.»!!n’{gn Ieland
It is 1ikely that all these areae formed one weet facing ¢ ntinental .

- margin that underwent a unified geological evolution duri g the 1ate

Precambrian and early Palaeozoic. -
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'across and occurs with quartz anaqigagioclaae‘graina'of similar shape

~and size. It is particularly associated with plagio lase™with which '
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LT . APPENDIX 1.

~ ‘HYDROMUSCOVITE

The presence of hydromuscovite (Pls. 16, 17) 4in the duartz-

plagioclaee—mica gneiaa at Mdaria Cove Point is 8o unusual that it

- warrants further discuasion. The mineral was found in only one hand

. specimen; It forms'xenoblastic, equidimensional graina up to 1 mm.

¢

it has curved or embayed grain b0undaries marked by sericitic fringeg:'

<It appears to have iormed preferentially at the m gins‘of~biotite-and

. e
sillimanite rich bands, : o

1

Under plane polarized light its ‘colour varies within the 9pace

of 10 cm, from very pale yellow to olive green; it is not pleochroic.

" No cleavage was observed in thin aection. Its refractive fndex was

not measured precisely but is distinctly lower than that of‘the ordinary -

white; 'the variation in birefringence‘gives the mineral an agate—like

'zoned a pearance. No intérferenceffigurea have been obtained. "Veins a
of aericite extend radi&lly into the graina from the sericite fringes at

" the edges; the style of alteration strongly resemblea the pinitization

of cordierite.

, .
A

A grain of the mineral was extracted from a thin section and

an x—ray diffraction photograph was made. Although the-quality of the

-



.@5}. i

photogfaph was very poor the following lines were observed:

¢

for illite or hydromuscovite.

“dk
4.46
3.39
2.58
2.28

12,16

1,67,

1,50
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Led
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30 -« 7%

. ’ - ' : ' \" '
The closeat _comparison in the ASTM index-is with card' 9-334 .

]

." .

“An analysia by J. Malpas uaing the Cambridge Geoscan 500 '

{

electron mictoprobe at the Department of Geology, Mancheste: UniVersity,

England, gave the following result.

han ‘to those of any other’mineral described by Deer,. Howie,, and Zuasmaﬁ

Mg0

This corresponds more closely to the analysis of hydromuscovite

(1962-4). s - -
R :

Ca

@

Weight per cent .
46.28 .y
~0.0L o §7§$

40.22

3.73
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and plotted ia Fig. 14.
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- APPENDIX 2. -

f

. - RADIOMETRIC AGES - -

' ’ ' . ‘ T

Fifteen samﬁles were sent 'to R. Cormier of St. Francis Xavier

University for radiometric age determination using the Rb/Sr'method

\

Five sambles were collected from the ‘tonalite .of the Little Passage

' Gneisses, five from the Gaultois Granite, and five from the North Bay

v

.Granite and associated intrusions.i The results are given in Fig. 13

One ssmple from the Gau this Granite (GG 4) .plots aéfy from

all the other samples apd its significance is not known. 'An isochron

for all the other fourteen samples, which' are not reudily distinguishable,

was_plotted‘and-gave‘an age of 565’i 80 m.y. with-an initial ratio of

0.707 £ 0,004 (errors'are given:at the 95 per cent‘eonfidence~1evel-

.decay constant used was 1. 39 x 10~ -1l yr.-1.§.~ A geologically more -

'

‘ realistic isochron was plotted for just the samples from the North Bay

'Granite and associated intrusions, it gave an age of 573 40 ey with

K @

an initial ratio of 0 706 % 0 002. It seems likely that the values

¢’

fromgthe'Little Passage Gneisses have been rejuvenated .but the age of

" the Gaultois Granite could well be within the experimental error.u_ ’

R f Samples from the outcrop area of the Gaultois Granite,were ; B
collected by F. D. Anderson for K-Ar dating of biotite by *the Geological

$

) Survey of-Canada (Wanless at al., 1968). The first sample (GSC 66—170)

came "from augen gneiss, 4 miles west northWest of’ Gaultois"' this is .

the lithology descrfbed as foliated Gaultois Granite in this\study.



16T

Sample Rb ppth Sr ppm Rb 87/5r 86 | Sr 87/ sr 86
- TON-1 232 120 5.6 0.7529
TON-2 , 190 155 . 3.6 0.7354
“TON=3 BV 19@}?‘ 1.8 " 0,7308
CTON-4 151 303 R 0.7225
TON=5 _ 157 392 . P LM 10.7168

" Leuco-1 172 ‘s\gfi ~ s |, 007812
Leuco=2 128 529 0.7 - 0.7128
Leuco-3 205 134 - 4.4. '0.7396
Leuco=4 184 3 1.5 ' 0.7172
Leuco-5 105 582 0.5 0.7099
'66-1 228 233 2.8 0.7313
66-2 240 229 3.0 - 0.7284
G6-3- 302 L 177 4.9 .0.7401
GG=4 . 264 3 o 23;3; 0.8567.
GG-5 T4 ©o1y? 2.2 0.7210

Fig. 13.  Analyses and isotope ratios for.

. " TON = Little Pnsaage Gneisaes tonafite.
- Granite and associated intrusions,

s .
b 1Y S

Rb/Sr age determination.

4

" Leuco = North ‘Bay
GG = Gaultois Granite,
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" The age derived was 393. t 16 m.y.
o ' o , '_ -, The second sample (GSC 66—171) was collected ‘in Piccsire
Harbour from a rock only rarely exposed’during exceptioﬂh&lz‘low tides

. /
. i (F. D. Anderson, pers, com, 1974), and not observed by the author, It

was reported to be & ‘grey, medium ‘to coarse grained massive biotite

;@D C granite ’ somewhat similar in description to the equigrsnular variety

- . .

of the Gsultois Granite mentioned in this study (p. 38). 'However the

rock from which the dated ssmple'was taken was reported to cut the R
foliated Géultois Granite, Its age was determinedéag 3l6 i 14 m.y.

'*' It is probable that sample GSC 66-170 has a K-Ar age rejuvenated

during the Acadien orogeny since it eonfliote with all available geo-
§

logical evigence. " The age of sample GSC 6 - '. rejuvenated
R . »

or original., 1f originaluﬁit implies the preséhce of an Upper Carboni—
7 .
ferous granite intrusion not seen elsewhere in ‘the area mapped.

/-
3
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g e - APPENDIX 3

MP2 STAROLITE .  °

)
. ’ .
' . - . s M

'Appendix' 3 is'incl'uded on the récommendation” of R. St.-J. Lambert.
The staurolite occurring'in muscovite schist'around Snook's

»

Al

Harbour indicates an epparent metemorphic peak after the second

1

deformation (p. 85; Fig 7; Pl.. 74) This 18 later than the metamo'rphié

peak anywhere else in the Baie @' Espoir Group, and is ‘separated from the '

MPl growth of garnet in‘he same rock by an interval of- time during which
;_--,:-, oo the Bay d'Espoix Nappe was formed. For the purposee of general
- . R

description the schist in which the MPZ staurolite occura has been

‘ I

.. ' included w:lt:h the:graphitic schist common in the Isle Galet Format;ion,
as was previously noted (p. 85) however, at this particular 1o§'<:ality
~.; . graphite ie° lees common an& in placee ie completely absent. |
Miyashiro (1964) drew .attention to the important role of graphite-_
in metamorphic rocka as a buffer of the partial preeaure of oxygen\
: approximately equivalent to the FMQ (fayalite-magnetite-quartz) buffer

" used’in expprimental work (French 1966 Hoschek, 1969' Ganguly, 1972)

»

In graphite—free rocks PO may be unusually high and this can have a

PR

. substantial effect on metamorphic reactions in particular those involving

._‘I

iron, - Ganguly (1968) compared analyses of almandine gamet and ataurolit‘e,

~

and cafe to the conclusion that the. distribution of ferric ‘iron is very
> . Btrongly biased towards staurolite. 'I'hus increaaing PO mue\ t favour the

™,
formation of staurolite relative to a],mandin‘é and as suggeated by Ganguly -

the staurolite isograd May‘ref'lect increasing .P02 r_ather than_increaaing




ore

ls

temperature. _
.'It is also of aignificanee that the ataurolite.at .‘Snool.c' o

. Harbour has apparently formed by replacement of muscovite and’ iron

oxide; it occurs in rocks where the only chlorite is a late-stage" '.‘\

product of the retrogression of garnet, and no chloritoid has been \\

' found. Thia paragenesis compares with that reported by Chakraborty and

\ .

Sen (1967) from the Iron Ore Series, Bihar, India. They found - that the -

almandine and staurolite isograds were approximately isothermal as, o

.‘measured by the partitioning of ferrous iron and magnesium between

-garnet and biotite. Ganguly (1972) suggested the possi‘ble reaction/' ,

Musc + Mt -+ Qtz + Hy0 = St + Bio + o,

" for the first .appearance of staurolite at: a temperature below those of

the more usual reagtions. involving chlorite or- chloritoid.

A
0\'

Thus ‘the MPZ staurolite at Snook's HarbOur may: mot’ indicate
metamorphic temperatures-above those_generally p_revailing at the gatnet _
isograd in g’raphite-b_earing‘ero‘cks;‘ it may be imerély the result of a rise ‘
.19 POZ brought ahout'-hy' the complete oxidation ‘ff \'graphit'e in the. roek. o

\“Itr‘remain&--to.be e\:tpiained, ho'wever,ayhy‘ even thi-s -grad;e of metamorphisrn
should occur at Snoolt's Harbour 'after the second deformation uhen the
‘highest grade elaewhere wvas reached during the MP1 and MS2 - growth stages.
Two explanations present themaelves. First,- the temperature throughout

the area may‘have reached a maximum during MP1 a.n‘d MSZ and'porphyrobl'ast_-

+ " growth was completed at these times; the temperature continued at the .
N [ N ’ . ..

blast ‘groivth (of staurolite)\took place'; lo',ealIy. where equilibrium was

disturbed by a rise_ in Poz‘sfu;’ﬂon ,complete 4oxidstion of "graphfte in the rock.

1

same levels until after .:the second - deformation, when further porphyro;_ ) o



—

-

The 'geéo;\d possibflity is ‘that the presence of staurolite.

L .. indicates a second metamorphic event resulting perhaps from atra_i;':\‘.

ene,rg& 'acp.qmulat'ed during D2 © -i:':"Qiix the intrusion of an unexpos€éd MP2

¢ . . s 3 \

- | N . ; )
granite body. ‘These eﬁ:ﬂ/éjnat_ions seem. less likely because, although

-

thére has been intensd tectonic.deform&t,i’qn in the Snook's Harbour area,
” Bignificént MP2 g'rowth of -any minerals is lacking in equally or more
. . ' C o o
*" tectonized rocks glséwhére, and there is no evidence anywhere in the -

Bay d'Espoir area for granite intrusion after-' he second deformation,-

- M . . R
N L]

’sn
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Plate 3 o
- Poikiloblaetic hornblende in amphibol:lt:ic gneiss,
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Little Passage., Width of photograph 8° .
‘ Lal
% ¥
<«
i,
o - @ ’ ‘
l a LY " ~‘: - e
1 pgl"“:“a . :
. Plate 4 w

n

, Biotite with plagloclase lenses between cleavage
planes and inclusions of zircon with pleochroic haloes,
amphibolitic gnelss, Seal Cove Zone, Little Passage
Gnelsses, west of Middle Island Little Passagea Width,/.
of photograph 1 mm. ¢
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e o enclésed in intensely deformed tonalitic _gneiss,. Seal Cove
’ Zone, Little Passage Gneisses, southwest of bﬁddle Island
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—_—— - - Plaﬁe 11
Fibrolitic sillimanite formed$by alteration of
" biotite in tonalite, Seal Cove Zone, Little Passage’
,Gneissea, north of Seal Cove, Little Paqsage.
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" Plate 12

Op%} F1 folds in quartz—plagioclase-mica gneiss

at the soughern edge of/the Stickland Cove Zone; Little

Passage /éieses; south‘of Stickland Cove, Little

. e
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: Plate 13 T T

Kink bands formed during D1 in a muscovite //* .
grain in quartz-plagioclase-mica ‘gneiss at the D .
southern edge of the Stickland” Cove Zone, Little - - _
. Passage Gneisses, just north of Seal Nest Cove, . .
.Little Passage. Width of photograph 3 mm. B '
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Plate 14

F1 folds in a’ Gaultois ‘Granite pegmatite vein
intruding quartz-plagioclase-mica gneiss, Stickland -, ‘
Cove Zon€, Little Passage Gneisses, Stickland Cwe, L
Little Passage. Width of photograph 2 m ' e
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" o 'l . Platq'17

Hydromuscovite in quarcz4plagioclase—ﬁ1ca gneiés,

Stickland Cove Zone, Little Passage Gneiases, Maria Cove -
-Point, Little Passage. Width of photograph l mm,

Plate 18

Poikiloblastic MP1 plagioclase vwith an included

+

.D1 fabric; S1 has’ been’ openly folded and the plagioclase

fractured. during D2. Amphibolitic gneiss, Stickland
Cove Zone,- Little Pasgage Gneisses, Deer Cove, Litt;e .
Passage. Width of photogtaph 3 mm. >
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© Plate 19 .

Augen formed by 'S2 around poikiloblastic -MP1
plagioclase containing straight discordant inclusion

. trails of Sl. Quartz-plagioclase-mica gneisa, _—
" ‘Stickland Cove Zone, Little Passage Gneisses, south-
west of Grip Island, north coast of Long Island.
Width of photograph 3 mm., ' ,

v

- Plate 20

¢ .
D2 cataclastic fabric in quartz—plagioclase- b

mica gneiss ‘adjacent to the Day Cove Thtust,.Sticklaﬂd

Cove Zone, Littlg Pagsage Gnelssesy Day Cove, Littlg
Passage. Width of photograph 3 mm,
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Plate 21.°
o F2 fold closures in D2 mylonite formed from
, quartz—i)lagioclase-—mica gneias, %icklénd Cove Zone,
. Dittle Passage Gneisses, south of Grip Island, north .
coast of Long Istand. ' . , N

Piat;g 22

"F2 folds in gneissic ®nding, amphibolitic
gneiss, Stickland Cove Zone, Little Passage Gneisaes,
" Just north of Maria Cove, Little Paasage.

a
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" Plate 23

Zoned plagioclase, phenocryst in the Seal- Nest
Cova Tonalite, Seal Nest Cove, ‘Little Pasaage. Width of
photograph 2 mm. - - o

.

Plate 24

Porphyroblaats of potassium feldspar in

- tonalitic gneiss of the Little Passage Gneisses, - --

near the outcrop of the Gaultois Granite, northeast
of L'Anse & Flamme, Little Passage. .
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L ‘. . .

i ApLite vein cutting porphytitic Gau;toia
Granite; the trace of S1 runs across the photograph.
Northwest Arm, Piccaire.‘“ )
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. . Plate 26

a

Xenoliths of amphibolitic gneiss in the Gaultois
Granite. first island opposite

'Anse .3 Flamme, Little
Passage. . : |
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Plate 29 o .
- F2 fold in the D1 fabric ‘defined by hornblende .
needles, amphibolite dyke intrusive into the Liteld v
-Passage 1G‘m:fiss;es of "the Stickland Cove Zm:é east of - T
- Hatchgr Cove. Width of photograph 3 mmi. , ., .
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Lo ‘/ . Plate 30 R . 0 b
\ Plagioclase phenocryst in the dacite dyke on
Middle Island, Little Passage; the ?refe:ted . ;
..orientation of tHe biotite grdins from the NW of the
photograph 1o the: SE defines S1. Width of photograph
3 mm, ) s o . o-
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" - Plate, 31
- *S11ls’ of North Bay Granite' in se

?1pelitic schist-
- of -the Riches Island formation, Pomley Cove, Laqpidoea

Passage. Width of pﬁbgrgraph 30 m,
4
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) ‘ Plate 32 )
g . .
! ' F2 folds in North Bay Granite sills intruding
the Riches Island: Formation at, “the edge of the North
Bdy Granite, Pomley Cove, Lampidoes Eaasage_ * Width -~
of photograph 30 m. R .
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Plate 33.

) FZ folds in North Bay Granite 311‘13 incruding
~ the Riches Island Formation at the -edge of the North
Bay Granite, Pomley Cove, Lampidoes Passage.

[
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N flate 34

D2 boudinage in a North Bay Granite siil
intruding the Riches Island Formation, Northwest
Cove, Lampidoes.Passgge. Width of phptqgrabh 5 m.
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- | Iaoclinal F2 fold 1n garmetiferous leucocratic‘

graﬁiée 8111 inttuding the Little Passage CGneisses of L.

the Stickland Cove Zone, southwest of Grip. Island,

' north coast of Long Ialand; - >
- " )
. ,“ -
3 P
o, FT"': ‘ .
_— Plate 36
T ' 'Veins of garnetiferous leucocratic granite

" flattened parallel to the mylonitic banding in the
Little Passage Gneisses of the Stickland Cove Zone,

Dolland Bight. : . )

. Plate 35 % )







.Plate 37

1 -f'.
c

D2 stretching lineation in gametiferm.{s
leucocratic granite vein, southwent of Grip Island,

bnorth coast of Long Island. L

o

Seal Cove Zone, near Dolland Bight.

< - \

" Plate 38

Carnetiferous leuéoératic granite veins
intruding the Little Passage Cneisses.of the
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Plate 39

Oscillatory zoning and simple twinn:lng :ln
plagioclase, North Bay Granite North Bay. Width
of phot:ogtaph 8 mm,

' Plate. 40 ey

Quarf'z vein cutting acid volcanic tuff of the
Isle Galet Format:ion with' a well déveloped S2
schistosity, near Raymond Po:Lnt, Long Island.
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- Plate 41

s Mineralized “quartz vein cutting
. foliated Gaultois Granite, Blunder
Cove, Long Island. '
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Plate 42

' Interbedded siltstone ‘and .

pelieg cut- by the 52 cleavage, St.
_Alban's Formation, St. Joseph's.
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! -~ - Plate 45

' . Microscopic grading in a

" siltstone bed, St. Alban's

Formation, Brant Cove, Length of
pliotograph_6: mm.
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..“ Plate 46 ) : s

'

S2 crenulation cleavéée formed

" by deformation of S1 penetrative cleavage

in pelite beds; F2 crinkling of S1 in
overlying siltstone bed; St. Alban's
Formation, St. Afban's. Length of
photograph 3 mm.
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. Plate 49
" MP1 biotite (dafk patch) overgrowing a -
penetrative S1 cleavagé; the biotite has undulose
extinction due’'to F2 crinkling and is cut by D2 .

_microfaults; St. Alban's Formation, ‘St Alban Se

Width of photograph 2 mm.

. Quartz-garnef beds in semipelitic chlorite
schist, folded by F2 folds, Riches Island Fomation, ’
Riches Island. .
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o | : “Plate 51 =
s o, MRl garneﬁ with a straight: inclusion trail of
' the S1 schistosity and an inclusion-free rim; S2
. defined by biotite forms an augen around the garnet;
Riches Island Formation, 2 km, south of Frenchman
Cove, Width of photograph 3 mm, ' ’ ;?
' S NE R
ﬁ . - ' . v

' ' .': Plate 52.

: MP1 chlorite bdrpﬁyrobleat deformed by D2,
‘Riches Island Formation, east end of Lampidoes -
.- Passage. Width of photograph 1,5 mm.
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Plate 53 . ‘ ]

' MP2 annealed quartz grains wit:ﬁincldbiona of
chlorite and garnet defining the polygonal exture
" developed after D1, Riches Island Formation Riches
Island. Width of photograph 3 mm, :
1 ‘) .
, i’fbte 54, L
T . MP1 staurolite with straight inclusion trails;

of. the Sl fabric; a crenula-t:[on schistosity has formed
dn S1 during D2 and forms an ‘augen around the staurolite,
Riches Island Formation, northeast Pomley Cove, I.ampidoes

Passage. Width of photograph 6 mm., .
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0wt plate ss | )

Fibrolitic sillimanite formed from biotite,
Riches Island Formation, northeast Pomley Cove, ~..
Lampidoes Passage. Width of photograph 1 mm.

N

Plate 56

MS2 kyanite defining S2 1in ‘semipelitic schist,
Riches IalandﬁFormation(?), aoucheast pf Rocky Hill,
“Width of photograph 3 mm.
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Plate 5-7 t T .
Graphitic inclusions forming a six-rayed star
‘in.garnet, Riches Island Formation, Riches Island.
" Width of photograph 1 mm,
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'- - I B . o . “
. ) L Biotite occupying the cores of garnet grains, n, ) ’
, ° ‘riortheast Pomley Cove, Lampidoes Paasage. Width of ' AU
1
hN photograph 1 mm. - " ) . . Cos T
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Plate 59

S2 cieavage intersecting psammite beds in’
A semipelitic mica schist, Riches Island Formation,
Roti Bay. North is ‘to: the right of the photograph.
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: Plate 60 - :

1\_._-—-—"-"’-__'—_—‘

.

_ Polygonal texture formed'in ciuari:z after D1,
Riches Island Formation, 2 km. south of Frenchman

. " Cove, . Width of photograph 3 mm.:g“'f"'g's}é
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f \\ _ ‘Plate 61 -
L Aggreéatea of muscovite containing S1 inclusion

,trails and with augen formed around them by S2, Riches
. Island Formation;, Roti Point. Width of photograph 3 wmm.

Plate 62

Flactened amygdales “In metabasalt. Riches Island
Formation, Riches Island. oo
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. Platg 63

A sheet of unbedded quartzo-feldspathic acid

crystal tuff overlying bedded tuff, Isle Galet

Formation, Isle Galet. Width of photograph 50 m,

. ]
[ -
' AT Y

, -

Plate 64 °

-

Lapilli tuff with flattened lapilli; Isle .
Gallet Formation, Flobber Cove, Bois Island., -

’
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" Plate 65

Phenocryat of microcline in a fragment in
lapilli tuff, Isle Galet Formation, Flobber Cove,
" Bois Island. Width.of photograph 3 mm,
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Plate 66

3

e S2 schistosity in acid crystal tuff, Isle

_Galet Formation, northeast of Cape Mark,






o ‘ Plate 67

MP1 albite (black) with straight inclusion
trails of S1; S1 is crenulated by F2; Isle Galet

-Formation, Flobber Cove, Bois Island. Width of.

photograph 3 mm.

3

] ~'Plate 68 ‘

Hexagonal cross section of high quartz crystal
in acid crystal tuff, Isle Galet Fomation. Raymond -
Point, Long Island. Width of photograph 1 pm,

3
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Plate 69

A slice of amphibolite within tectonically
. disrupted graphitic schist, Isle Galet Formation,
Raymond Point, Long Island.

Pla te 70

F2 fold in the. Sl achistosity defined by

hornblende needles, amphibolitic tuff, Isle Galet

- Formation, Simmond 8 Barasway. WMidth of photograph
8 mm, : .
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' \ * Plate 71 ° : ' _
* " Augen- “formed by S2 around hornblende in, ! ’
@ amphibolitic t:hff ‘IsY¥e Galet Formatiom, Flobber Cove, ' ,
. Bois Island. Width of phot_ogr;aph 8, mm, - Y i
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. B . L e . .
ta R Hornblende rosette bvergrowing the Sl:fabric
defined by iron oxide in amphibolite,’ Isle Galet -
Formation, Barasway de Cerf. Width of photograph 8 tm,
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Plate 73’

MPl garnet containing an inclusion trail of
81 and, ‘with an augen formed by S2, graphitic schist,
Isle Galet’ Fdrmation, Snoo!g'a Harbour, Bois Island.
Width of photograph 3 mm.

o , . N
- £
' " ‘
.Acq " L]
'
f
2 - 1 -
> N
. 1
) . °
] ) * .
V.
i - "
N . N, - 5
s y '\. ',
s
- '
R o .
v ' £
. &
L
as .
' - [ i
) . N » .
‘ ‘ v - -
Te
. 3 .
' 3
'
N
‘
' . , !
A
. .
. e
N R
. .
w '/ .
" -. ’
-
v
v - -

e ?lat‘e 74 ' \
- MP2 st:auxzol:ite overgrowing S$2 schistoeity which

forina augei:r around MPl garnet, graphitic schist

Isle.
- Galet Formationm,- Snook's Harbour, Bois Island.%idth
' of photograph 3 mm, - ’
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Plate 76

’o -

..
. A
t

M52 garnet with S-shaped inclusion trails and

Formation, Simm0nd's B@rasway.

. ‘augen formed by S2, senripelitic schist; Isle Galet
Width of photograph 1. Smm.
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Plate 77 : _

' MS2 garnet with curved inclusion trail_; s2 .

(vertical) is a differentiated crenulation schistosity
in S1. (centre of photograph); Isle Galet Formation,

Simmond's Barasway. Width -of photograph 1 mm,

. Plai:e 78

.
\ .

M82 garnet with a partially included D2 augen,
‘semipelitic schist, Isle Galet Formation, Simmond 8
Barasway. Width of photograph 5 mm,
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' Fomation, west of Baraway de Cerf.

\\ - Plate 79

Pebbles of quartz in mecagraywacke with augen .

formed around them by thé 'S2 achistosity, Isle Galet
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Plate 80 - D

Thrust fault in the Gaultois Granil:e, Jjust -

.

' north of Wreck Cove, Long Island. Width of photograph.

60 m.
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§ : G ", - ' Plate 85
RN .
S ... = . Closure of an iaoclinal fold in semipelitic
RN «chlvtite schist, Riches Island Formation, north side
b of Lampidoes Pasaage. Width of photograph 3 m.
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. SR : R F2 fold in’psammite bed, Riches
. C .o . Formation, southeast of Frenchman Cove,
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Plate 87 oo
D2. boudinage in F2 fold cote. semipelitic L
. chlorite schist, Riches’ Islapd Formation; the fold
'axis 1is in-the plane of photograph, the axial planc
is horizontal and the boudinage axis is normal to
© the plane of photograph L -
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. oy N .
‘s’ Tight F2 folds, in 1ntenaoly dcf tmed acid " .
a
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crystal tuff, Iale Galet Formation,\ju north of = - '-; e .
the Day Cove Thtuat, Dollnnd Bight, \ . ,//
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F2 fold in bedded amphibplite, Iale Galet Lo
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Plate 89

Formation, Simmond's Baraaway.
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schist, Iele Galec Formncion. souch of Mny Head, Boia

Ialand.
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j
D2 necking in an amphibolite band An aemipelitic
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D2 boudinage in-6iliceous '@mrble, Isle Galet:*

Formation, east B/’S ook '8 Harbour, Bois Island. .
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: . . Plate 92 -
[ « Y .

. Fault breccia on the Big Rattling Brook Thrust,

southwest of Conne River. Width of photograph 2 m.
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. Post D2 fold with east—-northenst trending axia,'
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