
CENTRE FOR NEWFOUNDLAND STUDIES 

TOTAL OF 10 PAGES ONLY 
MAY BE XEROXED 

(Without Author's Permission) 



---



\ 

CANADIAN THE~ES ON MICROFICHE 

I.S.B.N. 

THESES CANADIENNES SUR MICROFICHE 

•• National Library 01 Ganada 
Collections Development Branch 

Blbliotheque nationale du Canada 
Direct ion du developpement des collections 

Cana<Jian Theses on 
Microfiche Service 

Service des theses canadiennes 

Ottawa, Canada 
KtA ON4 

NOTICE 

sur microfiche 

The quality of .this microfiche is heavi ly dependent 
upon the quality of the original thesis submitted for 
microfilming. Every effort has been made to ensure · 
the highest quality of reproduction possible. 

If> pages are missing, contact the university which 
granted the degree. ' 

Some pages may have indistinct print especially 
if the original pages were typed with a poor typewriter 
ribbon or if the university sent us a poor photocopy. 

Previously copyrighted materials (jou rna I articles, 
published tests, etc . ) are not filmed. 

Reproduction in full or in part of this film__is gov- · 
erned by the Canadian Copyright Act, R.S.C. 1970, 
c. C-30. Please read the authorizat ion forms which 
accompany this thesis. 

TKIS DISSERTATION 
HAS BEEN MICROFILMED 
.EXACTLY AS RECEIVED 

NL- 339 ( r . 82/08 ] 

. ( 

AVIS 

' ' 

La qualite de cette microfiche depend grandement de 
Ia qualit~ de .Ia these soumise au microfilmage . Nous 
avons tout fait pour assurer une qualite superieure 
de reproduction. 

S'il manque des pages, veuillez communiquer 
avec l'uhiversitE! t~ui a confere le grade. 

La qualite d' impression de certaines pages peut 
laisser· a desirer, surtout si les pages originates ant ete 
dactylographiees a l'aide d'un ruban use ou si l' univer­
site nous a fait parvenir une photocopie de mauvaise 
qualite. · 

Les documents qu i font deja l'objet d 'un dro it 
d'auteur (articles de revue, examens publies, etc. ) ne 
sont pas microfilmes. 

La reproduction, meme partielle, de ce micro f ilm 
est soumise a Ia Loi canadienne sur le droit d 'auteur, 
SRC 1970, c. C·30. Veuillez prendre connaissance des 
formules d 'autorisation qui accompagnent cette these. 

LA THESE A ETE . 
MICROFILMEE TELLE QUE 
NOUS L'AVONS RECUE 

Canada 

l. 

1 

_) 



· ~ 

' 

4 

THE GEOLOGY AND STRUCTURE OF THE HARE BAY ALLOCHTHON 

AT QUIRPON ISLAND, NORTHERN NEWFOUNDLAND. 

by 

@ C. M. T. Woodworth-Lynas B. Sc. (Hons) 

A thesis submitted in partial fulfillment 

of th·e requirements for the degree of 

Master of Science 

Department of Earth Sciences 

I 
Memorial University of Newfoundland 

August 1 9 82 

St. John's .· Newfoundland 

_j 



ABSTRACT 

' , The rocks on Quirpon Island represent a-well exposed 

• 

cross section through the lower transported slices of . the 

Hare Bay A!'lochthon and the uppermost parts of the 

autochthon. This thesis examines in detail the str.uctural 

geometry of a part of the Hare Bay Allochthon. Its purpose 

is to analyze in detail the defQrmational and metamorphic 

histories of the individual thrust slices and of the ..,. 

uppermost autoc.hthon in· order to correlate these hisories 

as far as p~sible. Detalied field work reveals a rever.sed 

metamorphic gradient. Also, structural complexity and t'he 

numbers of generations of structures increases in higher 

slices. The highest slice at Quirpon. the retrogressed, . 

mylonitic, actinolite greenschists of the Goose Cove 

Schist. rests above the sedimentary and volcanic rocks of 

the Maiden Point Formation to which heat was transferred 

from t'he cooling greenschists causing pervasive lower 

greenschist facies metamorphism. Much of the underlying 

middle Ordevician Goose Tickle Formation flysch, previ"ously 

believed to be entirely autochthonous throughou't the H~re 

Bay area, occurs as discrete, detached slivers within the 

Maiden Point Formation. Larg~ scale, isoclinal, pr·e ­

cleavage folds have been identified in both of these 

formations and are syn-emplacement in age. A well defined 

magnetic anomaly immediately east of Quirpon Island may 
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indicate the presence of an outlier of ophiolite of the 

White Hills Peridotite, the high~st structural slice in the 

Hare Bay Allochtho~ 
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INTRODUCTION 

Location and "Access 

The coastal island of Quirpon is situated 6km east of 

L'Anse au Meadows, an authenticated Norse settlement, on 

the Great Northern peninsula of Newfaundlan~ The island is 

6.5km long and at its widest point is 3km across. The 
- . 

north end · of the island terminates at Cape Bauld which 

protrude.s into the Strait of Belle Isle slightly further 

than Cape Norman, the northernmost tip of the island of 

Newfoundland. The south" end of the i-sland juts into and 

shelters Quirpon harbour from the northeasterly Atlantic 

fetch (Fig. 1, located in back po_cket). It was here, at 

'Karpont•, that the Jacques Cartier expedition sought 

_ shelter ·from the crushing ice p-ack in the spring of 1534 

before continuing on the historic voyage of discovery up 

the St. Lawrence River. Quirpon is presently served by a 

20km long dirt' road that joins the magnificent, newly-paved 

N or t h e r n P e n i n s u 1 a H i g h w a y a b o u t i 2 k m n or t "h w e s t of · S t. 

Anthony. 

Geolqgical Setting 

"' Qui r p on· I s 1 and i s p a r t of t h H a r e B a y A 11 o c h tho n, a 

allochthonous .. sedimentary, ic, intrusive and 

'. 



' metamorphic rocks. The allochthon is exposed for 80km in a 

belt about 15km wide, from Cape Bauld, on Quirpon Island in 
. . 

the north to Sugarloaf -Cove, south'of Canada Bay (Fig. 2, 

located in back pocket). 

The allochthon is locate~ at the northernmost limit of 

exposure of the Appalachian orogen. In recent studies, 

there i s cons en sus of o p 1 n i on that the oro g e n c a n be 

interpre.ted in terms of plate tectonic models (e.g. Church 

and Stevens, 1 97 1 ; Dewey and B 1 r d, 1 971 , and W 1111 am s, 

1976), from the birth and evolution of the Iapetus Ocean in 

the late Precambrian to its eventual destruction in m~ddle 

Ordovicial') times. Williams (1976) has divided the 

Newfoundland Appalachians into four tectonic lith~facies 

zones which are, from east to west, the Avalon, G~nder, 

Dunnage and Humber Zones. 

Xhe Hare Bay Allochthon is situated in the Humber Zone 

which, in this model, represents the stable northeastern 

Atlantic-type ancient' continental margin of the North 

American craton. The Dunnage Zone represents the vestiges 

of the lapetu~ Ocean that were not completely destroyed 

during collision of the North American craton against the 

eastern mar-gin of lape.tus and the platform of the Avalon 

"microcontinent", which fall re~pectively into the Gander 

and Avalon Zones. 

2 
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Regional geological hi'story -
Tectonic elements of the Humber Zone are: 

(1) a pre-existing Precambrian crystalline basement .J:>f 

Grenvillian age (The Lons Range Complex). 

(2) unconformable deposits of lower Cambrian coarse o\ast~ 

sediments (e.g. Bateau, Bradore and Forteau FormationsV.nd 

coeval basalt f.lows and dyke.:s (Lighthouse Cove . Formation) 

( W 1111 am s and Stevens, 1 96 9) , r e 1 a ted to r i'f t 1 n g o { the 
' craton and birth of Iapetus, and the subsequent development 

of a thick continental rise prism of · Precambrian to <A 
I 

Cambrian clastic rocks with associated volcani.:sm (Maiden .. 
!.' 

Point Formation), derived from ·the N'Ortb American craton to 
I 

the west. 

(3) dev&lop!Dent of a Cambro-Ordovician shallow .sh.elf 

carbon a t e seq u en c e (St. George and Table Head Form a t 1 on s, 

and coeval slope facies ca.rbonate slump deposits of the Cow 

Head Formation) reaching its m~ximum development in , 
Tremadoc/ Arenig times (Tuke, 1 96 8). 

(~)blanketing of the carbonate bank by a Llanvrrn-age, 

·euterly-derived flysch (Go.6se Tickle Formation) (Tuke, '. 
1 96 8). 

(5) emplacement of the Hare Bay allochthon which. includes 

an ophiolite with Hs dynamothermal aureole (St. Anthony 

Complei) · over autochthonous terrain of the northeastern 

margin of N.orth · America. • 

3 
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Purpose and ~cope of study 

The present study was carried out for the following 

reasons; · ( 1) to examine in d.eta~l the structural geometry 

of the lower part of the Hare Bay Allochthon, covering 

internal geometry of the cni ts and their contact 

relationships. 

(2) to analyze in d.etail the deformational and metamorphic 

histories of the different thrust sheets in the allochthon' 

and of the autochthonous rocks, and to compare and 

correlate these histor_ies a.s far as possible in order to 
\., 

develop a regional deformation scheme. 

(3) · t.o clarify and understand the deformation processes 
.. 

(k1nempt1cs and deformation mechanisms) involved in the 
() 

formation and. emplacement of the allochthon, with special 

reference to plate tectonic mode.ls. 

( . 
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CHAPTER 

PREYIOUS WORK AND THE DEVELOPMENT OF IDEAS 
___ J 

Daly (1903>" examined some of the Maiden Point pillow 

lavas of Quirpon Island and Jacques Cartier Island. He 

described in detail the variolitic · structures and 

petrography concluding that the ba~alts were "greatly 

altered variol i tic spili tes." 

·Cooper (1937) made the first detailed d'e:~cription of 

the Hare Bay ar.ea, noting a lower limestone unit' overlain 

by the Goose Tickle Slate. He sugge$ted that the th1ckn'~ss 

of the Goose Tickle (600-1700m) was larg'ely due to 

' repetition by isoclinal folds and imbricate faults, and 

further recognised intense •plastic flowage" deformation 

that disrupted and often obliterated 'bedding. He recognised 

that the Hare Bay thrust fault had tran,.sported ~he White 

Hills Peridotite and the 'underlying aureole rocks as a 

large •decke" or sheet for a minimum h.orizontal distance of 

1 8km. He also noted the St. Anthony (thrust) Fault which 

separates the Goose Cove sya\_ tro' the underl,ing Maiden 

Po 1 n t F o r m at 1 on sou t h r St. Anthony. H e r e t! b g n i sed t h e 

regional northeas-t-southwest structural tren.d, a_nd noted 

the absence of large scale structures in the Goose Cove 

Schist, and that the struct~res in the overlying .Peridotite 

pre-date . the regional structure. 

Rod g e r s an d N e a 1 e ( 1 96 3 ) , r e co g n i z e d t h e s i g n 1f 1 c a n c e 

·-
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of older rocks above younger ones. They suggested that the 

Bay of Islands and Hare Bay Allochthons were large 

westward-transported klippen with a source ··region east of 

White Bay. 

Stevens ( 1 96 7) be 1 i eve d that the W h 1 t e H 111 s _. 

Peridotite was a transported pluton capped by a roof 

pendant (the Cape Onion. Formation). This theory ~as later 

modified by Williams ( 1 975) who mapped the Cape Onion 

Formation as a separate slice and suggested it may once 

have been the top of an ophiolite. 

Tuke (1968) recognised that the Goose Tickle Formation 

rested disconf·ormably on the Table Head Formation, and 
~ 

modified Stevens' ( 1967) date of final allochthon 

emplacement from Caradocian to Llanvirnian. He demonstrated 

the tectonic contact of the "Eastern Sequence" (inG_l'uding 

the Northwest Arm, Maiden Point and Cape Onion Formations, 
1 

and the st: Anthony Complex) above the "Western Sequence" 

(ihcluding the White Islands Formation, St. George Group, 

Table Head an~ Goose Tickle Formations). 

T u k e (~ 9 6 8) p o s t u 1 a t e d .a n or t h w e s t e r l y s e n s e o f 

allocnthon movement ~ased on slickensiding and southeast..; 

dipping fold ax~al surfaces. He further correlated the . 
Maiden Point Formation with the Fleur 'de Ly_s S~pergroup and 

• 
su.ggested tha~ it. formed the roof of the "peri.dotit~. 

~ . .., , 
W 1111 am s ( 1 97 5) also eq u a t e (I t h e H a 1.d en Poi n t ~-~" d s t ones 

with the Fleur de LYS"clastics of the Grey Islands in 
,, 

northern White Bay (K~nnedy li ..Q.J.., 1 973), and fur ,ther 

6 

, 

\ 
\ 
' 

• 

J 



correlated the Maiden Point For'mation whh the Summerside 

Formation of the Humber Arm Supergroup. Stevens ( 1 970) 

correlated the Maiden Point and Northwest Arm Formations 

with the lower flysch unit and mi,ddle carbonate unit 

respsectlvely, of the Curling Group (Bay of Islands) and 

noted the absence of the upper flysch unit at Hare Bay (the 

easterly-derived Blow-Me-Down Brook Formation of the Bay of 

Islands Allochthon). 

J am i e son ( 1 97 9) noted t h a t the M a ide n Point gabbros 

are sill-like in form near the ~op of the Maiden Point 

s 11 c e on t h e n or t h shore of H a r e B a y a n d a t S t. An tho n y , 

Cape Onion and Quirpon. She noted that the gabbros are 

locally deformed along faults and ln small shear zones, and 

that cleavage in the sandstones often does not pass into 

t h e i n t r u s 1 on s. T h e s e o b s e r v a t i on s 1 e d h e r to a g r e e w i t h 
0 

Cooper's (1937) interpretation that deformation of the 

Maiden Point formation had already begun when .the . gabbros. " 

were intru'ded. J. a m i e s o n ( 1 9 7 7 ) d e m .o n s t r a t e d a 

petrographi~al ·and geochemical link between the Maiden 
. ' . 

Point gabbros ~t Partridge Point,~h-e Cape Onion Volca.nics 

and the . Ireland Point Volcanics, a suite of und€tormed 

calc-alkaline basal tic . pillow lavas and pyroclastic rocks. 

She · interpreted these, together with the Maiden Point 

· gabbros at Quirpon, ·as forming an originally co11agmatic 

igneous suite prior to emplacement. 

Stevens (1970~ suggested a late Arenig age for the 

fint movements of the ophiolite and concurred with Rodgers 
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and Neale's (1963) hypothesis of fina.l- emplacl!ment of the . . . 
allochthon by gravity .slidin·g. He maintained ' that the 

ophl oli te controlled emplacement by successive peeling of 

underlying slices from their substrate. He further 
0 

suggested that the ophiolite was partially exposed during 

final emplacement .since it' provided material to the 

east~rly-derived flyscH qf the Goose Tickle Formatio~ 

Dewey and Bird (197 ·1) noted the similarity between the . .. 
garnet amphibolites beneath the ophiolite of the Humber Arm 

and Har~·Bay a~Iocih~hons and interpreted these rocks as 

t-ran.sported Fleur· de Lys _ Super:..group equivalents. This 

correlation ·was also described by Smyth ( 1 971) who referred · 

to similar. lithology and struct-ure in the Eastern Sequence . 
of the Fleur de Lys Supergroup. Church &nd Stevens (1971) 

postulated, that "if contact aureoles imply high-tempera.tore 

emplacement then they could have been emplaced in one of 

two ways: either . directly onto continental margin deposits . . 

of the Fleur de Lys Supergroup immediately following : 

inception of an accreting ridge or during ocean closing 

while the ridge was positioned close to the continental 

margin. ,_ 

S my t h ( 1 97 1 ; 1 97 3 ) and W 1111 am s a n d S my t h ( 1 97 3 ) 

detailed 'the structure of the · Hare Bay allochthon. They 

r e a .son e d t h a, t t h e a u r eo 1 e w a s for iD e d a t a n earl y . s t a g e 

becau-ee foliated aureole blocks are found in melange zones. 

W 1111ams and Smyth (.1973) suggested : that the 

aureol'e/ultram~fic contact wa.s the level of earlie.s.t 

·a 
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detachment. They further suggest.ed that the aureole 

pro.tol'iths probably consisted ' of tuffs, agglo~merates, 

· pillow lavas, minor ' black pelite~, thin recrystallized 
·. 

limestones and lQcal psammites. Smyth ·(1973) noted tha_t in 

·the: b~ sa·l part of the Goose Cove Schist, exposed on Fishot 

Island, deformation has not obliterated the protoli th which 

c·onsists of graded greywackes. Metamorphosed interbeCided 

_agglomerate, tuff and p·orphyri-tic pillow lavas are also 

recognizable here. ln the Goose Cove area, with decreasing 
. ' 

distance from the overlying peridotite, the inte~sity of 

de.formation and grade ~f metam~rphism increase obliterating 

origi~al lithologies within "the Goose Cove Schist (Smyth, . 

1973, and Jamieson, 1979) which p,a:,.ses structurally upwards 

into the Green Rid~e Amphibolite. Th.e amphibolite lies 

structurally below the _White Hills Peridot! te west of Goose 

Co"ve which fo,rms the highest structural slice in the Hare 

Bay Allochthon. 

Smyth (1973), Williams & Smyth (1973) and Halpas' li 

.a.l., (1973) noted the inverted metamorphic sequences at 

-Hare Bay and suggest'eJ that the genesis of garnet 

a m p h i b o 1 i t e d u r 1 n g o b.d u c t 1 o rf c o u 1 d be c Q n s 1 de r e d 
•' f. 

' · 
alternative to the production of blueschists along a 

Benioff zone. -More recently the dating of hornblendes from 

the aureole rocks led Dallmeyer ( 1977) to suggest that 

obduction began some 20 m.y. earlier at Hare Bay (480± 

m.y.) than at · the 'say of Islands (460±5 m~y.~~ He 

postulated that this diachron1n was perhaps due to the 
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ophiolite being closer -to the continental margin in the 

Hare Bay area. 

"" 
Detailed work in the last\decade has been carried out 

' 
b.y several workers. Smyth (1973) and Williams and Smyth 

(1974) described the dlffere·nt tectonic slices that 

comprise the allochthon and their structural stacking 

order, in an area south of Hare Bay, while WilllaUJs ..e..t .a.J. 

(1 973) reported on ·the area north of Hare Bay. Williams and 

Smyth (in press) mapped the entire allochthon and adjacent 

autochthonous rocks. DeLong.( 1 976) mapp~d the Cape Onion' 

Formation and analyzed the geochemistry of the pillow 

basalts and gabbros. Jamieson (1979) analysed the 

dynamothermal aureole beneath the White Hills Peridotite 

north of Hare Bay aro)Jnd Goose Cove in order to interpret 

the protolithic material ·of the aur~ole rocks based on 

. detailed geochemistry. S.he analyzed the metamorphic 

petrogene~is .and the pressure/temperature gradients of 

these rocks with a view to modelling the metamorphic 

conditions during emplacement of the peridotite. Talkington 

(1981) has worked extensivel .. y on .the White Hills Peridoti te 

in an attempt to understand the petrogenesis and the 

pressure/tern perait ure conditions pertai nihg to the evolution 

of . this deep-seated mantle tectonite. Talkington & Jamieson 
.... 

( 1 97 9)· based on their own work and others, have produced a 

short synthesis on th'e geology of the St. · Anthony Complex. : 
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Structure of the Hare Bay Allochthon 

The Hare Bay Allochthon con~ists of six major thru~t 

sl~ces as defined by Smyth <1973). ·These slices may or may 

not all be present in any one section through the 

allochthon, but the stacking order of slices is never 

varied (Williams .c.t .a.J,. 1 1973)• 

·On Quirpon Island the lowest unit in the Allochthon, • 
the Northwest Arm Slice, is m~ssing, and instead the second 

. unit, the Maiden Point Slice, comprising the Maiden Point 

Formation, rests directly on autochthonous ~rocks of the 

Goose Tickle Fo_rm·ation of Llanvirn· age. This defines a 

lower age limit for emplacement of the allochthon. The 

W h 1 t e I s 1 a n d s F o r m a t 1 o n f o r m s .t h e l o w e s t a n d 

chronologically oldest autochthonous unit 4km east of 

Quirpon Island. It is of possible Early Cambrian or Late 

Pre cam b r 1 an age ( W 1111 am s and Stevens 1 1 96 9) and rests 

• stratigraphically below the Goose Tickle. Formation. 

Three structural units found above the Maiden Point 

Slice south of Hare Bay and at Cape Onion are missing in 

the Quirpon section. These are the Croque Head, St. Julien 

I·sland and Cape . Onion Slices (Smyth 1973) (Fig. 2, located 

in back pocket). Instead, the Maiden Point Slice on Quirpon 

Isla•d is juxtaposed with the Goose Cove Schi~t which forms 

the highest structural slice in this section of the 

.Allochthon. No.rthwest of Goose Cove <i.n structurally 

··a·scending order) the Goose C~ve Schist, Green Ridge 
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Amphibolite a~d Long Ridge Metagabbro lie structurally 

· · below the White Hills Peridptite(Jamieson, 1979) (Fig. 2), 
. 

which together form t h e W hi t e H ill s S·li c e. We :s t of Goose 

Cove the .Goose Cove Schist is in gradational structural and 

metamorphic contact with the structurally lower Ireland 

Po 1 n t V o 1 can i c s ( Cooper , 1 9 ~ 1 ; Jam i e son , 1 977; 1 97 9; 

Talkington & Jamieson. 1979). The Goose Cove Schist is 

interpreted as having ,formed · from t\e deformation and ~ ... 
metamorphism of the Ireland Point Volcanics and the Maiden 1 

Poi.nt Formation (Williams & Smyth, 1973; ialkington & 

Jamieson. 1979). 

The Maiden Point Formation is separated from the 

underlying Goose Tickle Formation by a shaley melange zone . . 

containing sloughed off and sheared blocks .of both 

formations. The Goose Cove Schist is separated from the 

Maiden Point Formation by a well defined ductil' shear ione 

that appears to be developed mainly in mylo~itized 

sandstones of the Maid.en Point Formation. 

Analysis of the rocks on Quirpon Island is necessary 

because there is no recent work which deals with the 

detailed structural geometry of the lower part of the Har~ ( 
' ' . . 

Bay Al'lochthon • .. Relationships between deformation and 
J ' 

metamorphism (an important aspect of the orogenic evofution 

of the terrain) have also been··largely ignored • . Further, 

inconsistencies · exist in available 11 terature, e. g. bstween 

Church and Stevens · (1971) and Williams (1975) 

interpretation of the top of the ophiolite, and between 

12 



Tuke's (1968) and Williams and Stevens' (1969) and Williams 

and Smyth's (in press) interpretation of the. White Islands 

Formation. Also many workers have ignored the availabi'e 

geophysical evidence as a tool for interpreting subsurface 
·, 

geology and for delineating the seaward extension of the ·· 

Allochthon. This thesis provides the first detailed 

geological map and structural description and 

interpretation of Quirpon Island. 

' 13 . 



CHAPTER 2 

THE AUTOCHTHON 

Introduction 

The autochthonous rocks in the area of study consist 

of two sedimentary un1 ts. These are the coarse sandstones 

of the White Islands formation of possible Early Cambrian 

age (Tuke, 1 968), and the calcareous flysch of the 
I . 

overlying Goose Tickle Formation of Llanvirn age (Tuke, 

1 96 8; . S t e v e ri s , 1 97 0 ; S m y t h , 1 97 3 ) • -T h r o u g h o u t t h i s t h e s 1 s 

the reader is rdvi.sed to refer to Figure 1 (located in back 

pocket> . which indicates t6e position of all places and 

loca.11 ties referred to in the text. 

•. The White Islands are a group 'or three small- islands, 

the largest of which is 1km long, situated 4km east of 

Quirpo.n Island (Figs. 1 .& 2, located in back pocket). Tuke 

( 1 96 8) noted the occurrence of about 7 0 0 m of w h 1 t e 

sandstones .on these islands and correlated them with other 
4 

occurrences in Labrador and Canada Bay that belong to the · 

Bradore Formation. Outside the study area the ·sandstones 

are exposed along the southern Labrador coast around 

Bradore Bay where they re.st unconformably .on Precambrian 

ba:sement of Grenvillian age (Sm.H, J 970. Betz (1939) and 

Smyth ( 1973) also noted an unconformity between the Bradore 

Foi"mat1on and _(he underlyi.ng rocks or the Long Range 
/ - - · 
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Com p 1 e ~ so u t h of H a r e B a y. W i1li am s a n d S t e v en s { 1 96 9) , 

however, correlate the sandstones with the Bateau Formation 

of Belle Isle, and Stevens (pers. comm.·, 1980) believes 

that they may belong to the Hawkes Bay Formatio", Since, 

at pres_ent, · there is in:suf~icient evidence to place the.s~. 
J 

rock-s in one ·of these t!lree formations with any certainty, 
,. 

it is suggested that the sandstones be termed the White 

"'!slands Formation, although the base and the top of the 

. formation are not seen. This .name will be used in 

discussions throughout the . present work. 

The Goose Tickle Formation, a northeasterly-derived 

calcareous flysch (Tuke, 196 8; Stevens, 1 970; Smyth, 197 3), 

i .s e x posed ~ t en s 1 v e 1 y on t h e m a 1 n 1 a·n d a r o u n d Q u 1 r p on 

harbour and occurs as 1nl1ers on Quirpon Islan~ It is seen 

lying disconformably above th~ carbonates of the'Table Head 

f()rtRation at Schooner Head (Tuke, 1:968) and southwest of 

R a 1 e 1 .& h ( t h i s a u t h or ) • . T h e t o p o f t h e G o o s e T i c k 1 e 

Forma,ion is marked by ' a tectonic contact with the 

overlying allochthonous Maiden Point Slice. The contact 

ZQne consists of · several metres . of highly sheared, . rubbly, 

cleaved shale. 

s _everal majy units ar.e missing between the White 

Islands Formation and the Goose Tickle Formation on 
. 

Quirpon. These include, from oldest to youngest; the 

Forteau, Hawke Bay, March Point, P.etit Jardin, St. Georg_e 

and Table Head Formations, some of which are seen in more 

complete sections south of Hare Bay (Smyth, · 1 973). ' 
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. White Islands Formation 

The rocks of this unit consist of medium-grained (1-

.Smm diameter), clean-.,;~ashed, white quartzites with pink 

feldspar forming up to 301 of the total grain content. The 

bed' vary from about 0.5m to fm in thickness a~d are all 

massive with sedimentary layering picked out by small 

" variations 1.n grain size and feldspar content. Sedimentary 

structures ~u~h as cross-b~dding and gr~ding are a~sent in 

outcrop, however micro-cross bedding, defined by black 

• ·laminae, is seen iri falleon·blocks. The quartzite exposed 

on White Rocks, some small supratidal cliffs 1.5 km west of 

the Whl te Islands, contains thin magnetite.-ric·h lenses { H. 

Williams, pe~. comm.). 

J 
Shale 

... 
A single shale band approximately 10m thick, o~curs in 

the sandstones on the east coast of the main island. The 

shale is dark grey, mi~a-rich and finely - cl~av~d, making it 

very friable. H. Williams (pers. comm.) found the ea~tern . 
edge of the shale to be rich in talc. It contains numerous 

rodded and flattened pods of quartz and wherever, the shale 

is sil.ty it contains boudinaged veins of quart~- brown­

coloured -calcite. These boudins are -ofte.verely 

disrupted and broken int"o gravelly, sub-angular pieces, 
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giving a :spotted appearance to the :shale. Pos:sible. shale 

rip·-up clasts are. found east of the shale in trhe adjacent . ./ 
sa n d :s t one w h 1 c h suggest t h a t · t h e .sa n d s t ·o n e you n g s 

eastwar~ Beds dip moderately to steeply eastwards between 

45° and 6·~ and are cut by a single, st'rongly develop~d 
fracture cleavage which dips more :steeply eastwards at 

about 80°. 

Petrography • 
Strained quartz, fresh K-feld:spar (largely .microcline 

~ 

with le:s:s_ef'Diicroperthite), minor amounts of 'plagioclase 
/' ;-· . 

(An34)' "and rare. small .particles of opaques form the 

cons-t'ituent grains of the quartzite. Quartz occur=s ei·thel" 

as single, strained grains or, rarely, as polycrystalline 

aggregates of strained grain:s with embayed and :scalloped 

grain boundaries. 

Grains are m o.stly sub-rounded to, well-rounded, the .,, . 
larger grains being best rounded and occ'asionally showing 

fairly pronounced sphericity. Smaller grains are sub­

rounded to sub-angular. ~ere is a considerable range in 

(1-5mm) w~ich masks a poorly developed 
f' 

bimodality. The. texture is :subwacke, gr.ains being both 

matrix and grain supported. The matrix, which may form over 
' . 

50S of the total rock, consists of sericite and leaser 

aao-unts of recry :stallized m icrocry :stalline aggregates -of 
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quartz and feldspar, with minor £ine-g·rained interstitial 

subhedral grains of carbonate indicative of some mfnor late 

stage replacement. 

· The sericite matrix forms a strong foliation wrapping 

around the constituent grains. Recrystallized quartz forms 

fine-grained blebs in the pressure shadows of some detrital 

quartz grains; where these blebs ar;e still in optical 

contact wHh the old ·grains they form digitate-like 
' 

structures in the pressure shadows. Where grains touch, the . . 
grain boundaries are commonll embayed· indicating that 

·. ,J 

pressure solution has operated. The contacts are now sites 

for recrystallized grain material or sericite. 

Goose Tickle Formation 

Cooper ( 1 937) described a thick unit of slates and 

calcareous shales at Goose ·Tickle at the head of Hare Bay 

which he named t.he Goose Tickle Slate. Betz ( 193 9) llamed the 

same unit the Englee Formation at Canada Bay, , ,, 
Goose Tickle Formation was proposed 

type section about 300m of strata are 

At · the 

evens, 

1970) and about 500m in Pistolet Bay (Tuke, 1 968) • . The 

Goose Tickle Formation is exposed on Quirpon Island in a 

m a j or. n t 1 f o r m a 1 1 n li e r a p p r o x i m a t e 1 y .2 k m. 1 o n g 1 n 

and is surrounded by the Maiden Point 

Formation There are al .so small inliers at Lighthouse Cove, 

. The Whale, and south of Whale Point. Small outcrop.s are 
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-found in Quirpon harbour, on Vincent Island, Jacques 

Cartier Island and on three of The Islets. Exten:rive 

outcrop occurs along. the harbour shore from at least south 

of Jacques Cartier Island in the west to Cobbler Island in 

the east. 

The Goose Tickle Formation lies in structural contact 

below the Maiden Point Formation. The contact fs a major 

structural discontinuity which is defined by a shale-rich 

melange zone several metres wi-de that contains tectonically· 

rafted clasts of both Goose Tickle and Maiden Point 

Formation lithologies. The melange formed at the same time . 
as large scale pre-eleavag;isoclinal folds in both t_he 

Goose Tickle and Maiden Point' Formations and is related to 

juxtaposition of the two units during emplacem.ent. The 

bottom of the Goose Tickle f()rmation is not 1een i ·n the 

Qui f'pon area. 

The lithology consists of a~ terna ti ng buff-weathering, 

grey/green, fine- to medium-grained calcareous sandstones 

and siltstones with finely cleaved black shale, usually 

with either sandstones or shales predom ina tin g. Both shales 

and sandstones are cut by a st .eep east-dipping cl.eavage 

that is axial p.lanar to tight to isocl.inal folds which also 

affect the Goose Tickle Formation/Maiden Point Formation 

contact. This deformation overprints folds of an earlier. 

generation which affect certain parts of· the Goose Tickle 

Formation (see Chapter 6) and which are not associated with 

an axial plane foliation. The whole formation ha:s suffered 
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CC?nsiderable internal disruptioM of lithologies during 

em.placement of the overriding thrust s,lices (c.f. Cooper, 

1937). Tectonism has caused boudinage of sandstones in 
. 

areas where l .ess competent ~hales domi11ate. A consis~ent 

stratigraphy of the r ·ormation could not be determined 

because of the effects of deformation. 

Sandstones 

-· The sandstones are fine- to medium-grained and occur 

in beds up · to 0.75m. thick, and may be massive or show 

sedimentary structures characteristic of Bouma cycle~~ The 

beds have massive, grade~ bases with occasional scour-and­

fill features and sharp contacts agai.nst underlying. s.qale 

or silt, passing u·p into a plane bed stage and occasionally 

into climbing ripple~ (Plates 1&2). Beds with rippled tops 

commonly show convolute laminations. These features are 

best develop~d on rock D. of The Islets wh.ere at least 

eight Bouma cycles can be observed (Plate 2a). Minor small 

scale slump folds ~o~ere also observed in one or. two 

1 oc a 1 i .t 1 e s. The siltstones most · commonly show millimetre .. 
laminations with.no detectable grading,· and may show micro­

ripples, . micro-c-lt'mbing ripples; llicro-loading and 

convolute l.am inae. 
{7 . 
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Plate 1 a 

Graded bedding and ripp-le-laminated tops in 
sa11dstone beds, Goose Tickle Fm. 

Plate 1 b 

Bouma cycle, coarse, graded base, massive 
undifferentiated centre and climbing' ripples 
a t top. Note 1 o a d 1 n g r r o 111 b a s' of r 1 p p 1 e d 
top, some loads have become detached and 
rest iri the massive centre portion ·or the 
bed, Goose Tickle Fm. 
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Plate 2a 

Scour and· fill troughs with coarse, graded 
sandstone. Note slaty cleavage in shale and 
coarse fracture cleavage in sandstone, 
Goose Tickle Fm., rock D. ((>f the Islets 

Plate 2b 

Small scale laillinated soft sediment folds, 
Goo~e Tickle F~, Quirpon harbour 
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·shales 

The shafes are commonly grey or bla~k pyritiferous and 

finely cleaved showing few ·or no sedimentary structures. 

.s m a 11 s c a 1 e bed d 1 n g 1 a~ in a t 1 on s a r e o c c a s 1 on all y see n 1 n 

the field but are mostly 6bliterated by the development of 

an . intense .cleavage and the effects of late stage brittle 

movement along cl~a~age plane~ 

Petrography 

u.P to 901 of the· constituent grains in the sandstones 

con s 1 s t of q u a r t z, m o s t 1 y · of sin g 1 e s t r ai ned g r a 1 n s. 

Numerous altered v.olcani·c fragments occur preserving 

randomly oriented fine laths of' plagioolase as well as 

several · grains of fresh to partially ser1c1tized 

p 1 a g 1 o c 1 a s e { An 3 3). G r a ins of K.- f e 1 d spar ( micro c 11 n e and 

m icroperthi te), small opaque shale clasts, small laths .of 

muscovite commonly bent .·around larger grains, and rare 
. . ..... ~ 

" g r a 1 n s of fine- g r ~in e d c h 1 or i t e are ·a 1 so found ( P 1 a t e 3). 

Accet!ory · minerals occur also, such as · zircon, {rare, very 

fine. rounded .grains), rare grains of partially chloritized 

(penninite) chromite and very rare unaltered tourmaline. 

The sandstones are fine- to medium-grained (up to 2mm 

diameter); . subangular to subrounded with either poorly 

·developed bimodality or gradations in , grain size. Grains 

are generaily pQorly rounded and rarely approach any de~ree 
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Plate 3 

Photomicrograph of Goose Tickle sandstone. 
Constit-uent grains are strain·ed quartz (up 
to 901), K-feldspar (dark grey), altered 
volcanic fragment containing laths, of 
partially sericitized plagioclase (lowell' 
centre) and elongate grain of 
microcryst~lline chert -(centre right). 
Specimen 1'6-9-1 0) -
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of spher~city. The texture is subwacke since grain·s are 
-· . ; 

mostly m~trix-supported. However, wher~ some grains touch, 

pressure solution fe~tures have cdeveloped. 

Matrix 

Between 25-50S of the total rock is matrix material, 

consisting of colourless microcrystalline cM.orite , and 

fine- to medium-grained subhedral carbonate in varying 

prbportions; the carbonate always replaces the chlorite. 

There ,Is w~ead minor a1teratio~ of chlorl te and of 

some plagioclase grains to stilpnomelane • 
• 
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CHAPTER 3 

THE ALLOCHTHON . 
! 

Maiden Point Formation 

Cooper ( 1 937) used the .name Maiden Point Sandstone to 
... 

designate a 2200m thick sequence of clastic sediments along 

the south shore of Hare Bay. Tuke ( 1 96 8) renamed the _unit 

Halden Point Formation becau~e he obseryed that sandst~nes 
\ 

comprised only 501 of the unit; He described a type section 
I 

200m thick in the Hare -Bay area of wh~c~ the lower 150m 

consisted of lavas, agglomerates, tuffs and minor 

ul trabasic intrusions. Betz ( 1 93,9) proposed. the name Canada 

Head: Formation for similar rocks in . the Canada Bay area 

which Will.iam~.and Smyth (in press) correlated with the 

'" Maiden Point Formation. Cooper (1937) noted that la\fa and 

tuff were interbedded with the sediments, and dio~iti6 and 

gabbroic sills and· plugs have also been noted in 

association and included, as part of the Maiden Point 

· Formation by Williams .and Smyth (in-'press-). Gabbro 

intrusions are common within the Maiden Point Formation ~n 

Quirpon Island and, because they are restricted to the unit 

are _included in· 1 ~ 

The Maiden Point Formation is exposed on Quirpon 

Isl~nd and ~a~ques Cartier Isiand and is aerially the most 

~xtenslve formation. It consists of steeply eastward­
f 
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dippinl psammites, semi-pelites and minor shales associated 

with ,several bodies of varioli tic pillow lavas and massive 
~ 

diorites of basal tic CC?mposition. The basalt•: outcrops are 
-... 

lensoid in form, the two largest extendin~ from west_of 
\, -- ~ 

· Pige?n Cove to Dumenil Point and from ~ Pigeon ~~.:.·~~.~ast 

of Merchant Island, respectively. Both of thes~iiJih'l:t;s are 
... -

3km long and vary in thic·kness from ab9ut 1Om to over 30m. • 

The sandstones host several small bodies gf gabbro which 
., 

~ary in form. from ,lensoid, subconcordant, sill~like bodies, 
I 

t o m or e s t ron g 1 y d i s c or d a n t s m a 11 in t r u s i on s. Con t a c t 
• 

relations are not consistent, showing i~ places the 
- () 

development of narrow thermal contact aureoles~ tectonised 
' margins or both (Plate 4a). The sand~tones are cut by 

several small (few .em) to 1a'~ge scale (tens of metres) 

intraformational shear __ zones ~ntai.:ing rubbly shale, 

!' hi c h, a t De g r a t H a r ,b o u r, She e p t3ol.,rn d a n d De g r a t I s l a n d 

cause considerable compl~x disruption and m.i xing of 

11 thologies. 

... 

Psamm i tes and semi-pelites 
f/~ 

The sandstones are mostly buff-weathered, massive to 

·crudely l'ayered and medium- to very coarse-grained, in beds 
( 

0.5 to 1.0m thick. They commorrl y contain small black shal e 

rip-up clasts. The san~ grains are mostly of quartz, 

characteristically of smoky or blue varieties, seen very 

.. ./ 
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Plate 4a 

Gabbro (left)/sandstone {right) contact in 
the Maiden Point Fm. Contact para·l~el to 
strike of beds. Sandstone contact au~e 
contains meta11orphic atilpnomelane arid is 
slightly deformed 

Plate 4b 

Pesmat1.t1 c pockets of c.oa·rsely crystalline 
plagioclase· in finely ,crystalline gabbro 
body, Maiden ·Point Fm., Pigeon Poin_t · 
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dist.1nctly in the coarser beds. Blue quartz is commonly 

~ssociated with de . .forrtted. quartzites in medi_um grade 

metamorphic terrains and is a typical feature of the Fleur 
I 

de Lys Supergroup (T.J. Calon, pers.( comm.), Minor amounts 

of feldspar show as wh1 te 'grains. 

Sedimentary structures are mostly obliterated in 
J 

. . . ~ 

places_ where bedding and cleava-ge ;;re parallel, but are 

often preserved where a moderate angle is deve..loped between 

bedding and cleavage. Thfs condition occurs in the . 
northeastern part Of the island .between Pigeon Cove and 

L{ghthouse Cov.e. Here grading is apparent in some upright 

.bed s to g e_ the r w i t h l o a d i n g, s co u r a n d f ill s t r u c t u r e s a n d 

occasional ripple cross-bedded tops (Plates ~.6 & 7a). One 

-bed in Colombier Cove contains large (0.5m) laminated 

sandstone rolled rip-up clasts indi·cative of soft sediment 

reworking (Plate Tb). 

S.mall sand volcanoes 5-10cm across were occasionally 

seen on . upper bedding surfaces north of Pigeon Cove (Plate . . 
8a). ln places th.ese are associated with numerous white 

burrow-like structures develope~ . n~rraal ·to bed-ding. These .( 

" features are commonly seen in massive beds throughout the 

sands tones and . are thought to be. dewatering structures 

which closely resemble the type D or stres~ pillars 

described by Lowe (1975), (Plate 8b). He 'suggested that 
- ' 

these st-ructures may represent flow paths of · partial or 

complete fluidization in a sediment undergoing h1droplast1c 

:shear. In the '! Haiden Point Formation :sandstones they are 
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Plate Sa 
/ 

Graded .sand.stone bed showing parallel · 
laminations and load structure at base, 
Maiden Point Fm. 

Plate 5b 

Cross-bedded and loaded sil"ts.tone (pale 
band) overli1n by 11ass1ve coarse . grained 
graded aand:stQne bed; Halden Point Fm • 
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Plate 6a 

Basal view of _road structures developed by · 
coarse sandstone in black shale, · Haideri 
Point F~t Colombier Cove 

Plate 6b 

, Basal view of co11bined loading and flute 
structures (bottom right), Maiden· Point ~m., 
Col om bier Cove 
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Plate 7a 

Cro.ss-!>edded white sandstone band in · 
maesi ve, unbed.ded dark ~andstone bed, Maiden 

·Point FJD., Dumenil Pt. 

Plate 7b 

Fine laminated. ~iltston•/sandstone rip-up 
clasts in a massive sandstone bed, Maiden 
Point Fm., Colombier Cove 
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Plate 8a 

Sand volcanoes (apprax. 
upper bedding surface, 
north of Pigeon Cove 

Plate 8b 

5-10 em acros:s) on 
Maiden Point . Fm., 

Burrow-like dewatering p11lars resembling 
t y p e D or s t r e s s pill a r s ( Low e , 1 97 5) w h i c h 
formed by hydroplas.ic :shear during rapid 
d~positlon. Note that 1} the pillars are 
developed only" in the centre portion of the 

·bed, and 2) pillars are truncated at the 
bottom but have ragged upper ~urfaces. 
Crinkling of the pillars i:s related to 
horizontal movement or fluidized sediment, 
sediment compaction during consolidation and 
probably by later volume reduction 
associated with ~ressure solution type of 
deformation. ,Di recti on of younging not 
known. Maiden Point Fm., Pigeon Cove 
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developect only in t~central portl ons of · the bed-s and are 

never seen to extend ~~h-er to the bases or the tops. They 

are commonly crinkled which may be due in part to the 
.. 

horizontal move,ment of the fluidized sediment (Lowe, 1 975), 

sediment -compaction, and probably by later volume r-eduction.,. 

(dilational strain) during derJ1.1ation.· 

Sandstones occasionally grade into strongly cleave~ 

shales which usually occur as thin beds ' and a.s ramifying 
/ 

~ntercalations in the sandstdnes and have accommodated mwch 

of th·e· deformation. Domains rich .in shale h.ave commonly 

developed in~o significarlt intraformational rub~ly shal~ 

shear zones, .for ex'ample at Colombier Point and Degrat 

H arb o u ,..- ( P 1 a t e 9) • T h e r e 1 ·a t i v e 1 n c om p e t ~ n c y of the 

tectonized shales has resulted in severe disruption and, in 

some instances, boudinage and rota~ion . of th~ sandstone 

··beds into ·parallelism with the/~leavage in the shear zon~s 
I - ~ 

(Plate lOa). These zones may: reflect original shale-,rfch 

boulder conglomerat-e horizons • 

Petrography· 

Qua r t z g r a i n s- form 9 0-:- 9 5 S of the. sa n d s t one s a n d a r e 

associated with microcline, microperthite, plagioclase (An 

31-35)>, microcrystalline chlorite, min~r shale flakes.­

\b muscovite and opaques. Plagioclase occurs aa smaller, more 

n u m e r o u s g r a i n s b u t i n t e r _m s of v o 1 u m e perc en t a g e 1 s 

usually less common than K-feldspar. The sorting · 1 s 
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Plate 9a 

Small :scale intraformational melange zone 
developed in a :shale band, containing 
angular pieces of :sloughed ·off :sandstone 

· from adjacent beds. Note that cleavage (S2.) 
and bedding are parallel, · Haid'en Point Fm., 
we:st coast qf Quirpo~ Island 

Plate 9b 

Large scale intraform~tional shaley melange 
zone containing large boudinaged blocks of 
sa n c:ts t one s 1 o ugh e d of r from . a d j a c e n t 
sandstone units. Note that boudins and 
.sharp edge of melange zone are parallel to 
ttie cleav-age (S.2.); Maiden Point Fm., 
Colombier Point 
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Plate 10a 

. Small-scale shear zone. Inter:-banded shales 
and sandstone.s result 1r1' necking, boudinage 
and rotation of sandstone bed.! in the hss 
competent shale., Note that the cleavage 
(51.) is parallel · to the rotated bedding, 
Hdderi Point Fm. 0 · · 

Plate 1 Ob 
I . 

Br«tcciated pillow lava at a sheared 
~-ndstone/ pillow lava contact, Hat den Point 
Fm., west coast of Quirpon Island · 
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moderate -with grains in each studied specimen ranging from 

fine :silt (<0.511111) to fine gravel grade (~-4mm). Grains are 

sub~ngular to subrounded, the larger gra 'ins being well 

rounded. 

Quartz consists of both single and polyc'rystalline 

s t r a 1 n.e d g r a 1 n s, th'e latter showing a range of 
\ 

microstructures from equilibrium foam textures to rare 

r i b b o n q u a r t z. T h e d om i n a n t a e d 1m e n t a r y t e x t u r .e .i s' 

subwack~, - the grains being largely matr'ix.:..supported. The 

matrix material, which may f -orm up to 60J of the total 

rock, consists or· colourless to pale green chlorite with 

1 es ser . ser ic 1 te which together form the pe ne tra t 1 v e 

f o 1 i at i on, S 1 • Part i a 1 s e r 1 c 1 t 1 z at i on of the f e 1 d spars is 

common, particularly · in sandstones from the contact 

aureoles of the . gabbros. Very late stage ~arbonate was 

observed in one specimen as fine anhedral crystals filling 

cracks in the grains. 

Pillow Lav.as 

"\ 
Pillow lavas occur as ' lensoid bodies within the 

sandstones, though D a 1 y (1903) · plac_ed them .., 

strcatigraphically above the Maiden Point sediments. They 

also occur as large bl'ocks r'rom a few metres to tens of 

metres ·across associated with intraformational shear zones 

on •the southern part of Quirpon Island and at Degrat 

Harbour. Contacts w 1 th the sandstones are generaily poorly 
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expose d but .a p pear i n IS e v e r a l p 1 a c u t o be m o d i f i e d by 

differential movement between the two l1 thologies resulting 

in .the formation of broken pillow lavas (Plate lOb, facil'lg 

p.36) • 
\ 

The margins of the pillow lava bodies ~re generally 
r 

deformed and carry a crude foliation, but the main part:!! of 

the large bodies generally contain pristine undeformed 

pillows. The two large bodies on Quirpon Island which 
• 

. extend from west of Pigeon Cove to Dumenil Point and from 

west Pigeon Cove to east of -Merchant· Island are probably -volcanic flows in conformaiHe succession with the 

5andstone:s. The smaller bodie5 may be aerially re:stricted 

minor flows that have been modifie.d during deformation to 

form elongate lenses with deformed margins.-

The pillow lavas are green to grey, weathering to a 

buff col.our, and form· very distinct, fresh-looking . p1llows 

whi.ch vary in sh,ape and siz.e from sub-spherical structures . 

0.25 to 0.5m in diameter (Plate 11 a), to sausage-like lava 
. \ 

· tul:>es 3 to 5m long and up to 1.5m wide, as s~en in . north 
. . ' 

Degrat Harbour. One ' possible way-up structure was seen in 
.. 

the lavas at north Degrat Harbour where a "puncture-and-

flow" structure was ·observed in a pillow bud suggesting 

that here at lea:Jt the lavas are upright and ·young 

' eastwards (Plate 11b). The pillow l .avas are much affected ~ 
by carbonate alteration, the pillow contacts ·being sites of 

veining and the pillows themse~v.es ot;en being net veined. 

One or two ra.re veins of rhodocroshe with c.alcite and · 
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Plate 11a 

Fresh-looking variolitic pillow . lavas. 
Pillows range in shape and size from ~ub­
~pherical structures 0.25 to o.sm wide to 
elongate lava tubes 3-5m long and up to 1.5m 
wide, Maiden Point Fm., north of Degrat 
Harbour 

Plate 11 b 

Puncture-and-flow structure in a pillow 
f r o z e n a s a n e w p 1'11 ow b u d s o f f ( to p 
centre)~ . Maiden Point Fm., north of Degrat 
,Harbour · 
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chlorite were .seen in the pillow lavas. on Sheep Island, The 
# 

pillow lavas on Degrat Island are characterized by 'being 

amygdaloidal and non-variolitic. )hey are also unique in 

be~ng intrude.d by several narrow (0.5111 wide) discont1nu9us 

dyke:s of diabase. 

' " 

Varioles and rafted sediments 

The pillow lavas are characterized by the development 

of grey/white sub-spheric,al varioles (the original 

varioli tic material is now ~ostly altered to epidote) which 

range in diameter from 1 or .2 1111 to l c.m. very rarely 

reac~hng 2.5 c.m. The var1ole:s are usuallY ::~mallest near the 

pillow margin, coarsening · and coagulating toward:s the core 

which usually consists entirei~y of variolitic material 

. <.Plate 12). The pillows may or may not be vesiculated 

where v.arioles are absent. Hinor amounts of black, 
\ 

calcar eo us laminated che.Jt . occur between some ·of the .. 
pill ow 1 a v a s. The s e a p p e a r t o h a v e been d 1 s r up t e d and 

rafted during volcianic extrusion since they re~t in 

undeformed pillow lithologies and b.edding laminae are 

· truncated against tile pillows. . . .. 
. . 

Pillow breccia 

Minor lenses of . pill.ow ·breccia. occur in so.~e of the . . 
flows• ., These consist of fragmented angular pebble- and 
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Plate 12 

Detail of contact between two pillows to 
show calcite veining at · contact and 
coagulation of sub-spherical vartolea 
towards the PUlov centres, H~iden Point 
Fm., north Qf Degrat !:!arbour 
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cobble-sized clasts of pillow lava in a finely comminuted 

calcareous matrix (Plate 13). The boundaries of these 

lenses with unbrecciated pillows are "diffuse and 

gradational. 

Hassi ve basalts 

, 
Unpillowed massive basalt flows are associated wi th 

. 
and usually situated on the eastern sits of the pillow 

lavas, for example · on t~e east side f the large flow . 
between Pigeon ~ove and Merchant Is and. These are 

green/grey wiathering to a buff. colour and are non-

var1ol1t1c and non-vesicul~ted. 

Tuff 

A small diffusely-bounde~ body ?of medium to coarsely 

c'rystalline, heterogeneous calcareous light gr.een tuff is 

exposed on the south,ast tip of Quirpon Island. It contains 

pillow clasts near contact~ with pillow lava and numerous 

rounded pebbles and cobbles of an autobrecciated nature. 

It also hosts a xenolith of recrystallized, folded and 

cl'eav ed shale and 1 am ina ted silt band about O.Sm wide. The 

tuff ·is cut by a northwest-southeas~-trending diabase dyk~ 
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Plate 13 

Pillow autobreccia in a pillow lava flow. 
Note fragmented angular pebble- and cobble­
sized pillow clasts resting in a finely 
co•mi n ute d cal careou s-r 1 c h m a tr 1 x, Ha1 den 
Point Fill.~ central Quirpon Island 
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Petrography 

The piilow lavas have a 6ompletely devitrifled and • 
altered ground .mass of fine-grained chlorite (largely 

p e n n 1 n 1 t ei f e 1 ted a il d I or a c i c u 1 a r a c t 1 n o·l 1 t e, of t e n 

associated with hornble'nde (with rare piemontite .cores). 

T h ·e am ph i b o 1 e s a r e a s soc 1 a ted w i t h f 1 n e - g r a 1 n e d a n he d r a 1 
r 

crystals of sphene, subhedral to anhedral .'clinozoi.site, 

carbonate, and rare zo1site. In one section ':3everal 

comminuted pieces of shard material were seen. Abundant 

pseudomorphs probably after laths of plagioclase are common 

(Plate 1 11). The pseudomorphs are often partially replaced 

a:ssociated ·with acicular actinolite overgrowths and/or by 

chlorite and sericite with minor amounts of fine-grained 

ant~edral green biotite. 
"' 
Varioles and vesicles have indistinct sub-spherical 

outlines and have ~ariable modal mineral compositions 

usually involving an association of microcrystalline 
0 

quartz, c hl a·ri te, euh edr al crystal 5 of c lin oz oi•si te and 

anhedr~l carbonate. any one orwh1ch may be dom1napt (Plate 

1 5). V a r 1 o 1 e 5 m a y con t a 1 n random 1 y or 1 e n ted. • d u s t y 11 

feathery microlites now pseudomorphtH1 by fine gratned 

sphene (Plate 16). 

Specimen" retrieved from the massive ba:sal t. flow:s do 
. . . ~~ a . . 

not have vesicles or varioles but,have otherwise similar 
' 

petrography to the pillow lavas, . so a description will not · 

be repeated httre. However, J.t should be noted that the 
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Plate 14 

Ph~tomicrograph to show ser~c1t1zed euhedral 
P.seudom or ph after pla,ioclas~ in porphyritic 
and vesiculated portion of Maiden Point 
pillow lava. Note circular sericite~·rule .d 
vesicles. Matrix of unfoliated devitrified 
111crol1t1c material · (crossed polars). 
(Spec 1m en #4-7 -4) 
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Plate 15a 

.. 

---~- -~- · I 

Photom1crogr,ph of vesiculated Maiden Point ,.. 
pillow lava. V-esicles filled with slightly 
straineO'nlcite showing extensive 
deformation twinning. · Matrix of unfoliated 
dev1tr1fied m icrol1 tic material (crossed 
polars). (Spec i•en #_15-:7-2) 

Plate 15b 

Photomicrograph of . vesiculated Maiden. Point 
pillow lava. Vesicles filled with anhe-dral 
cal_ci te and l a tJts of euhedral eli nozoi site 
(. p a 1 e b 1 ~e). Matrix of u n r o 11 ate d 

· microlitic · material (cP.ossed polars). 
(Specimen #14-7 -3) 
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Plate 16 

Photomicrograph of varioli tic Maiden Point 
F11. pillow lava. Variole (dark brown) 
c o n t a 1 n s r a n do m 1 y o r i .e n t e d " f e a t h e r y " · 
pseudomorphous . .sphene 11 icroli tes. Euhedral 
pseudomorphs {after plagioclase?) ·filled 
~ith se~icite/clinozoisite (clear)/chlorit~ 
(pale green) associations. (Speciun 16-9-
3) 
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altered matrix is commonly hostr to .numerous Small 

phenocrysts of Ti-augite with inclusions of fresh sph,ene. 

the augite is alter~d to actinolite with chlorite along 

· cracks and is rimmed by brown to green to colourless 

hornblende and actinolite asso6iations (Plate 17~ 
o · 

Gabbros 

Several small gabbro intrusions oc.cur withmn the 

M:\den · Point Forma tmon sandstones, but in three places they 

are situated along the contacts between sandstones and 

pi 11 ow 1 a v a s. 0 n e · body occur s 1 n the con t a c t zone be tween 

the _Maiden Point Formation and the Goose Cove Schist. The 

gabbros are mostly sub-concordant sill-like lenses (c. f. 

Jamie.!lon. 1979) but may show strongly discordant 

relationships (e.g. at ~·igeon Point, and aho at Cape 

Bauld).Gabbros may have well developed chilled margins and 

associated thin contact aureoles in the adjacent sandstones 
J 

(e. g. North Pigeon Cove, see Chapter 7) ( Plate 1 8). The 

sills commonly hav~ strongly deformed margins, but 

othe·rwiae do not carry an internal tectonic fabric (e.g. 

the sill at Grapnel Cove has a chilled margiq and a 

corresponding narrow aureole which has been slightly 

deformed) (Plate 4a, facing p.18). 

The gabbros are compositionally heter.ogeneous, even 
. . 

w 1 thin single bodies, varying. from coarse to fine-grained, 

isotropic, me l anocrat1c hornblend1 tes to fel~spar-rich 
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Photomicrograph of Maiden ?oi~t Pm. massi~e 
ba~al~. Ti-augite phenocrysts (grey and 
brown Jn priam section and yellow/orange in 
b•sal sections) fractured and partially 
altered to fibro:us actinolite (pah yellow) 
resting in a crudely tectonically foliated 
devitrlfied chloritic matrix. (Specimen #6-
9-'0 

Plate 17b 

Photomicrograph of Maiden Point Fm, - massive 
basal~ •Hourglass• Ti-augite phenocrysts 
sligl'\tly altered to tibrpus actinolite, 
resting in unf'oliated devi trifled chlori tic 
matrix (Specimen #2-- 7-1) 
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Plate 18 \ 
Photomicrograph of san~stone from gabbro 
contact aureole. Matrix sericite has been 
.completely altered to radial agsregates of 
atilpnomelane. Note fine-grained 
recrystallized quartz in matrix also. 
Mtiden Point Fm., Pig•on Cove (crossed 
polars). CSpec111en 116-7-3) 
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leuco-ga b bros. They locally ~ont~in small diffus~-edged 

pegmatitic pockets of plagioclase (e.g. at Grapnel Cove and 

Pigeon Pbint) (Plate 4b, facing p.2.8). The sill exposed at 

Grapnel Cov~ is approximately 7m wtde and shows a strong 

compositional asymmetry. A coarsely crystallin'e, 

leucocratic hornblende/plagioclase assemblage is restricted 

to the east side of the sill and grades west"wards into a .. 

coarse grained hornblendite. !he leucocratic portion 

cronta.1ns very well develgped harr1:iitic textures with 

dendritic clinopyroxene, altered to hornblende, growing 

.towards the centre of the sill, normal to the chilled 

margin (Plate 19). The composi tion~l variation in the sill 

is probably a magmatic. cumulate feature. where mafic 

minerals have settled towards the bottom of the sill, 

indicating that the top of the sill is to the east. 

confo~ming with the obsesv~d sedimentary way-up structures 

observed in this area. The gabbros at Colombier Cove -and 

Cape Bauld are cut by rare veins ~r rhodocrosite with 

associated carbonate, · simil,ar to those seen in the pillow 

· lavas on Sheep Islan~ 

Petrography 

The matrix material consists of mediu~- to coarse~ 

grained plagioclase .<An 28-32) with •inor microperthite 

w 1 t h g r a ~-n s up to 1 c m a c r o as. This has been v a r 1 a b.l y 

altered 'to clinozQisite and sericite or has been replaced 
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Plate 1 9 

Har~isitic text~re in gabbro sill at G~apnel 
Cove.-· -Dendr1 tes are of clinopyroxene: Hell den 
Point F111. 
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by chlorite (which often has a fib.rous decussate texture) 
9 

and fine needles of actinolite and tremolite. · The 
;"J 

'clinozoisite. usually occars as numerous ~.cattered f ne­

grained anhedral to subhedral Cf'fStals. Plagioclase has 

c om m o n 1 y b e e n r e c r y s t a lli·z e d t o f r e s h f 1 n e - g r a , n e d 

aggregates •. Numerous f i ne.-grai ned anhedral cry s ta{ s · of 
• . . . . i 

sphene and fresh acicular subh,edral crystals of apatife ar~ ..-

common in the feldspar matrix of many thin :se~tions ·­
! 

together with minor carbonate and fine nee~les of 
stilpnomelane. The plagioclas.e matrix commonly contains 

fine- to medium-grained anhedral to euhedral crystals of 

skeletal opaques, now mostly alt~red to leucoxene/~phene. 
. .. 

The plagioclase matrix hosts medium- to c9ar~e-grained 

cry stal.s or anhedral to euhedral strongly pleochroic brown 

kaersutite. These have optically continuous epitaxial 

growths of acicular or need~li ke actinolite. Minor . pale 

green ferro-actinolite occurs adjacent to the ka~rsutite , 

cores (Plate 20) (c. f. Jamieson, 1 r;{77). Kaersutite is often 

host to minor acicular crystals of apatite an( small grain~ 

of sphene, and is partially replaced along "fractures or 

almost completely pseudomorphed by actinolite or chlorite. 

In many gabbros, pale pink anhedral to euhedral 

clinopyrox~ne is associated ¥ith or occurs instead of 

kaersutite (Plate 21). It is commonly alterPed to chlorite, 
. /' 

fmne-grained .sphene, ·'Which may occasionally be co11pletely 

pseudomo_rphous, and tremolite, along fractures and as 

epitaxial growths. In two thin sections clinopyroxenl is 
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Plate 20 

Photomicrograph of j Ph'enocryst of magmatif 
kaersutite (dark brpwn) rimmed successively 
by optically contif\A.Ious epitaxial growths of 

· ferro actin o 1 1 t e 'i< green ) f n d c o 1 our 1 e s s 
fibrou .. s actinolit¢. . Matrix mostly altered 
to chlorite. Hfiden Point gabbro (PPL). 
(Specimen #9-7-3) 
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Plate 21 

Photomicrograph . of phenocrysts of magmatic 
euhedral clinopyroxene (blue) and anhedral 
kaersutite (brown) frac'tured and partially 
al tere.d to actinolite (yellow) resting in a 
sericitized plagioclase/micrpperthite 
matrix, Maiden ?oint Fm. gabbro (crossed 
polars). (Specimen #16-7-1) 
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pseudomorphed by paramorphic brown hornblende with 

associated actinolite and chlorite. 

The clinopyro~ene occasionally develops a ··poor 

" subophitic texture, but the plagioclase laths are never 
/ . 

completely ~nclosed (Piate 22). Clinopyro·xe~~ may also 

occasionally ho~t euhedral skeletal grains of ore minerals 

and acicular apatite may be interpenetrat1ve with J.t. The 

geocheruistry of the gabbro~ and pillow lavas of the Maiden 

Point Formation are compared with the Goose Cove Schist 

metagabbros in Chapter 7. 
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Plate 22 

Photomicrograph of subophitic texture in 
gabbro. Randomly oriented laths of 
plagioclase are partially enclosed by a 
large euhedral crystal of clinopyroxene 
(b],ue). (Specimen· #20-7-1) 
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Goose Cove Schist 

·G'oose Cove.Schist was the .name used by Cooper (1937) 

to describe the greenschists that occur in the Pistolet Bay 
.; 

area and on the Fishot Isla'nds. Tuke (1968) and Smyth 

( 1971) used the name Goose Cove Formation and included all 

(1968) and Smyth's (1971) Goose Cove Formation. William's 

and Smyth (in press) estimate .the structural thickness of 

the unit to be 1 Born in its type local 1 ty at Goose Cove. 

The Goose . Cove Schist forms .the highest allochthonous 
. · .. 

slice on Quirpon Island. It is an isolated part of the St • .. 
Anthony Group dynamothermal metamorphic aureole which lies 

beneath the ophiolitic White Hills Peridotite, south of th.e 

study area (Williaml3 & Smyth, in press; Jamieson, 1 o/79). On 

Quirpon Island actinolite . schists form the predominant 

lithology · or the Goose Cove Schist. The unit also conta i ns 

sheet-like bodies of amphibol1t1zed metagabbro which are 

exposed in a . small klippe along Grands Galets Bay and as 

smaller bodies which lie subconcordant to the mai n 
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foliation, S2, on Grands Galets Head. S2 is a pe.netrative 

cleavage defined by th~ preferred . dimensional orientation 

of synkinematically-grown fine-grained actinolite 

~ neoblasts. The Goose Cove Schist is structurally separated 

from the underlying Maiden Point Formation by a major 

ductile thrust contact which is characterized by a jump in 

metam~rphic grade and a change in st~uctural style between 

the juxtapos-ed rocks. 

Less deformed sediment\:5 and volcanic rocks have been' 

recorded at the structural base of the Goose Cove Schist on 

F 1 shot I s 1 and ( S my t h, 1 97 3 ; J am i e son, 1 97 9), but t h i s 

situation is not seen at the structural base on Quirpon 

Island though metasediments do occur within the actinolite 
~ 

s c h 1 s t s. In the· Goo s e cove are a the Goose Cove S chi s ~ 

passes up into the higher metamorphic grade rocks of the 

Green Ridge Amphibolite (Williams, 1975). This unit in 'turn 

passes up into the White Hills Peridotite (Williams & 

Smyth, in press). However, at Quirpon Island the Goose Cove 

Schist does not pass · up into either of these structurally 

higher units. The structural thickness of the Goose Cove 

Schist on ·Quirpon Island is at least 170m measured 

perpendicular t -o the attitude of S2 in a s~ction from the 

contact with the Maiden Pont Formation and .the summit of 

Grands Galets Head. 
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Actinolite schists 

On Quirpon Island the Gobse Cove Schist consists of 
• . . r 

finely , cleaved (S2) green to ·grey, fine-grained, lustrous --. 
actinolite-chlorite-schists. Compositibfi~l layering ~n a 

cen -tim.etre scale i~mmon . and is devel:oped by varying 

proportions of amphibole, quartz, epidot~, chlorite and 

' 
mica; in places minor carbonate layers occur. Coarser 

leuc6cratic an~ melanocratic bands "' are probably 

. '" 
r e c r y s t a 11 i z e d r em n a l'l t s of d 1 a b a s e a n d I or g a b b r o. The 

actin6lite schist adjacent to t~e interformational m~lonite 

zone, which separates the Goose Cove Schist from the 

~nderlying Maiden Point"Formation, southwest of prands 

Galets · say and at one· place above ' White Point is 

characterized by buff weathering surfaces and contai n s 

small lenses of smokey quartz from a few em to 20cin thick 

wl;lich lie SJ..lb-parallel 'to. the foliation (Plate 23). These 

may be highly deformed and met~morphosed equivalents of 

Maiden Point sediments (see petrography of metasediments 

below). At ane place in central Grands Galets Bay the . 
' . 

quartz has not completely disaggregat~d and.form~ ~ 20-30cm 

thick band. of white, · foliated quartz schist parallel ,to S2 

which is tr~ceable for about 10m (Plate 24a). 

Southwest of Clous Cove a fine-grained, uncleaved, 

light g~een volcanic body is in structtral contact with the 

schist, and on Galets Head in two places boudins 

(approximately 2m x 4m) of uncleaiect · spotted yalcanics . . . 
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Plate 23 

Photomicrograph of Maiden Point-like 
deformed sandstone ~ithin the Goose Cove 
Schist from the cliff base on the north side 
of Grands Galets Head, R~cognizab1e grains 
of quartz arid feldspar are present in the 
foliated sericite matrixr Foliation (S2) 
runs left to r i ght (Specimen 125- 8-5) 
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Plate 24a 

Strongly foliated: disa'ggregated lenses · or 
quartz in the actinolite schists of central 
Grands Galets aa~, Goose Cove Schist 

_Pla_te 2Jlb 

DLsharmonically-folded and deformed grey 
marble exposed in an intraformational shear 
z one a t t h e b a s e of G r a n d s .G a 1 e t s He a d , 
Goose Cove Schist 
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occur which are cut by several carbonate veins. The spots 

are lcm long, white, anhedral to euhedral pseudomorphs, 

·~ probably after plagioclase, which have been completely 

sericitized and altered to_ clinozoisite. 

Marble 

Within the predominant lithology of actinolite schist 

are found minor but distinct units of calcareous 

metasediments that are restricted in occurrence to / zones of 

-intense deformation. Light grey- and grey/black to green, 

highly deformed marble is exposed in intraformational shear 

zones on the east side of Claus Cove and at the base of the . 
cliffs along Galets Head (Plate 24b). At Claus Cove the 

shear zone is a heterogeneous chaotic · mixture of 

greenschist. metagabbro, calcar eo us sheared black shale and 

marble, that has been isoclinally folded on a smal-l scale. 

Similar outcrops of finely laminated marble along the cliff 

base of Galets Head are intimately associated with the 

actinolite schists. These pass northwards into a massive 

nearly unfoliated green lithology which in one place 

contains well foliated Maiden Point-like sandstone with 

clearly recognizable grains (Plate 23). 
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Metagabbro 

Metagabbro occurs in the actinolite schists along 

Wild Cove as large, discordant, medium- to fine-grained 

bodies of leucocratic actinolite schist. These bodies 

commonly display compositional layering a few centimetres 

thick which may represent original igneous heterogeneities 

now transposed into parallelism with the main foliation 

(S2). The discordancy of the:~e bodies with respect to S2 

may represent an original intrusive relationship and may 

also partly be due to late faulting. Outcrop was 

in·sufficient to determine actual contact relationships. In 
• 

several places late stage veins of rhodocrosi te with quartz 

cut across S2 • . 
Numerous sheets of fine - to medium-grained leucocratic 

actinolite schist, about 0.5m thick, also occur throughout 

the fine-grained schists. These sheets are always oriented 

sub-parallel to the main foliation (S2) and are 

compositionally homogeneous as a result of internal 

reworking by deformation associated with ·metamorphic 

differentiation. These bodies may represent par.,allel-sided 

recrystallized intrusive or extrusive sheets · (Plate 25). 
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Plate 25 

Sheet of leucocratic schist within the 
actinolite schist oriented sub-parallel to 
S2. Such bodies possibly represent original 
intrusive or extrusive sheets, Goose Cove 
Schist, Grands Galets Head 
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Petrography 

Actinolite Schists 

The actinolite schists contain a large proportion of 

fine- t 0 m e d i u m - g r a 1 ned' a c 1 c u 1 a r' green p l e 0 c h r 0 i c 

actinolite (referred to as Act 2) which shows a preferred 

dimensional orientation that defines both S2 and the relict 

S1 cleavages. The actinolite ofte·n grows in epitaxial 

continuity around small dusty cores of actinolite 

porphyroblasts (referred to as Act 1). The actinolite is 

interlayered on a microscopic scale with greater or lesser 

amounts .of sericitized and saussuritized plagioclase, 

epidote/clinozoisite, quartz, chlori.te (often penninite), 

minor muscovite, and opaques with sphene alteration rims. 

Metasediments 

There is a good deal of compositional heterogeneity 

within the Goose Cove Schist which reflects changes in 

composition of the protolith. Rocks interpreted as 

metasediments contain little or no amphibole, the foliation 

(S2?) being defined by micas a ·nd streaks of opaque 

material. A compositional layering is usually obse·rved 

parallel to the foliation and strained quartz is common as 

thin discontinuous lens'es. 

Calcareous metasediments consist of finely crystalline 
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carbonate with streaks of /que material and associated 

lenses of polycry.stalline strained quartz. Alignment of 

fine-grained, sheaf-like· orientation patterns of acicular 

tremolite define the foliation, together with parallel · 

alignment of fine-grained dispersed laths of muscovite. The 

grey laminated marb.le at the base of the cliffs in Clous 

Cove and on the east side of Galets · Head consists of 

tightly microfolded, polycrystalline layers of 

granoblastic-polygonal carbonate with varying proportions 

of fine-grained quartz. Randomly oriented fine-grained, 

euhedral, acicular actinolite is sparsely scattered 

throughout the carbonate groundmass. The · massive green 

l~thology exposed around White Point on Galets . ~ead 

c. on s i s t s of v a r 1 a b 1 e p r o p or t 1 on s of f i n e g r a i n e d s ph e n e , 
l 

penninite, quartz, epidote, needles of actinolite and 

minor carbonate, all without a tectonic fabric. A crude 

foliation is defined by dusty streaks of opaque material 

and lenses of penninite. Thin late stage anastomosing 

veins cutting. this foliation contain fine-grair1'ed af\{tedral 

carbonate and quartz w 1 th scattered and matted needles -of 

stilpnomelane. At the western contact of this lithology 

a g a i n s t t h e a c t i n.o 1 1 t e s c h i s t s a s 1 n g l e s p e c 1 m e n o f ' 

foliated medium-grained sandstone was recovered (Plate 25, 

facing p.65). The matrix of this specimen consists of 

colourless to pale green sericite with strings of fine-

grained sphene. The constituent grains are of strained 

quartz with minor sericitized pl-agioclase and some bent 
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laths of muscovite lying subparallel to the foliation. The 

original grain shapes have been modified by deformation so 

that the quartz has developed a crude shape fabric parallel 

to the foliation. Where grain shapes are preserved these 

range from sub-angular to sub-rounded. Pressure shadows are 

not present around the grains. One or two thin late stage 

veins lying parallel to - the foliation contain fine-grained 

unstrained quartz with associated anhedral crystals of 

carbona-te and fine-grained laths of pennini te. 

Ast1nol1te/quartz/garnet schists 

Other lithologies are characterized by very fine-

grained heterogeneous ba~ded matrix material - consisting 

' mostly of sericite or sericitized plagioclase, quartz, 

colourless to pale green muscovite and strings of opaques 

with alteration r 'ims of sphene. This is associated with 

variable amounts of chlorite and scattered anhedral fine-

'grained epidote. Subhedral to euhedral medium-grained 

garnets are also found and contain inclusion trails of ore 

and penninite. · These trails may be S-shaped, and indicate 

rotations of up to 55° (Plate 26a). 

The opaques have been largely altered to :n~hene and 

cracks in the garnets are filled by chlorite and sericite 

(Plate 26b). Chlorite pressure shadows are poorly 

developed around the garnet~ Small to medium-sized lenses 

of fine- to medium-grained quartz are common in the banded 
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Plate 26a 

Photomicrograph of medium-grained almandine 
garnet (right) containing sigmoidal 
inclusion trail of the relict S1 foliation 
continuous with the external foliation,- S2. 
To left of garnet is a rootless isoclinal F1 
fold hinge which affects S1. Note that the 
anticlockwise sense of rotation of the 
garnet is not consistent with the isoclinal 
fold symmetry, placing garnet growth post Sl 
and probably syn-post F1. Goose Cove Schist 
(partially crossed polars). (Specimen #20-
8-3) 

Plate 26b 

P~otomicrograph of euhedrel garnets in 
f o 11 a ted ( S 2) p e·n n in i t e mat r 1 x ( b 1 u e). 
Garnets mostly cracked and filled by 
penninite. Note large lens of 

' polycrys~alline strained quarz (centre 
right), Goose Cove Schist metasediment 
(crossed polars). (Specimen #20- 8-6) 
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matrix. The quartz is usually in a foam texture with the 

unstrained grains in similar cry~tallographi6 orien~ation& 

It also occurs as strained polycrystalline aggregates with 

a strong shape fabric and strongly serrated grain and 

subgrain boundaries, and less commonly as strained ribbon 

quartz • . 

Metagabbro 

The actinolite schists grade into or have sharp 
1 

contacts, mostly subconcordant to S2, with medium- to 

coarse-grained bod i e s . and 1 ens e s of met a ~a b bro. The 

metagabbros have· a very similar mineralogy to the 

actinolite schist·s and are distinguished from them by 

c-oarser grain size, .~reater proportions of plagioclase, the 

ab,undance of actin~l'ite porphyroclasts; an amphibole L-S 

shape fabric and coarse compos! tidnal layering. 

T h e m eta g a b b-r o s c o n s i s t of s e r i c i t e ( a f t e r 

plagioclase) with associated actinolite, clinozoisi te, and 
. 

very minor amounts of chlorite in alternating,compositional 

layers 2-Smm thick. T~e remnant plagioclase is largely 

finely recrystallized and subsequently sericitized. The 

sericite contains fine needles of tr.emolite/actinolite, 

f i n e g r a i · n e d s ph e n e, a n d s m a 1 1 a n h e d r a 1 t o s u b h e d r a 1 

crystals of clinozoisite (Plate 27). The clinozoisite 

c om m on 1 y h a s a ,s t r on g p r e f e r r e d d i m en s 1 on a 1 an d 

crystallographic orientation, . and the rim:s of the grains 
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Plate 27 

Photomicrograph of differentiated layering 
in Goose Cove Schist metagabbro. 
Alternations between layers of fine~grained 
recrystallized and sericitized plagioclase 
(colourless) and layers of .medi um-gr Iii ned 
acicular actinolite (yellow/green). Relict 
Act1 porphyroblasts are seen at top and 
bottom left, and smaller, cleaner-looking 
crystals are Act2 which define anastomosing 
cleavage films. Differentiated layering and 
alignment of acicular Act2 define the 
foliation, 52. (Specimen #31-7-3) 
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are often sites for the concentration of "dusty" 

m icrocry stall i ne sphene. ·-
The actinolite-rich layers consist of relict medium-

grained oval porphyroclasts of weakly pleochroic, pale 

green, strained actinolite (Act 1). The cores of these 

crystals are commonly "dusty", and may contain inclusions 

of fine grained sphene and ragged grains of ore with sphene 

alteration . rims. The Act porphyroclasts are flattened 

p a r a 11 e 1 t 0 s 2 a n d d e f 1 n e a s t r 0 n g s - fa b r i c. 0 c c a 's i 0 n a 11 y 

porphyroclasts show "augen" or fi:;~h shapes; the latter ha.ve 

been rotated and lie at small angles oblique to S2 and may 

represent domains of an incompletely ' transposed earlier 

foliation (S1) (see actinolite/quartz/garnet schists 

above). Recrystallized fine-grained acicular actinolite 

(Act 2) always lies parallel to S2 and wraps aro~nd the Act 

1 porphyroclasts • . Films of acicular Act 2 crystals 

interconnect the Act porphyroclasts and define the 
\ -

amphib'Ole-rich layers (Plate 28). Commonly the Act 

porphyroclasts are partial~y recrystallized to form fine 

grained domains of "dusty" acicular actinolite. The 

metagabbros are cut by thin post-S2 veins of fine grained 

clinozoisite in places associated with quartz and 

plagiocl~se with fine· hairs of colourless amphibol~ 
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Plate 28 

Ph otomicr ogr a ph of differentiated later ing 
in Goose Cove Schist metagabbro. Acicular 
A c t 2 a' c t i n o 1 i t e i n t ! r c o n n e c t s t w o 
prophyroblasts of opaques which have 
alteration rims of fine graine·d sphene. An 
Act1 porphyroblast is visible top right. 
C · o 1 o u r 1 e s s a ·n d g r e y 111 a t e r 1 a 1 i s 
rec.ry~StalHzed and seric itized pl a gi ocl a se. 
A 1 i g n 111 e n t o f a c i c u 1 a r · A c t 2 a n d. 
d 1 f fer en t 1 a t-ed ' 1 aye r 1 n g de f 1 n e ·the 
foliation, .S2. (c,rossed polariS) (Specimen 
#31-7-3) 
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CHAPTER 4 

SEDl HENT ARY PETROGRAPHY 

Sand:st one Compo si tion:s 

Analyses of sandstone components were made of samples 

co 11 e c ted f r om t h e G._o o s e T 1 c k 1 e a n d M a i de n Po 1 n t 

turbidites. A single analy5i:s w-as made of a specimen of 

mildly deformed sandstone taken from the Goose Cove Schist 

on Galets Head. It should be remembered in the following 

discussion that these sandstones were collected from 

different structural slices so that similarities' do not 

bear a simple direct relationship. 

Several different plots have been used to represent 

the data. The matrix data , were used only in . computing 

component percentages and are not included in the figures. 

The Q, F, U R F t r 1 an g u 1 a r p 1 o t (Fig. 3) show s a 1 1 the 

sandstones and includes data from Smit (1971) and Smyth 

(1973) from the Bradore Formation. 

Sandstones Of the. White Islands and Maiden Point 
. ~ . . 

Formations from th~t-..udy area fall mainly in the 

subarkosic field. fata from Smit (1971) and Smyth (1973) ,_ 

have a large scatter into the lithic arkose and feldspa thic 

litharenite fields probably ·reflecting a much broader 

sampling. The White Islands and Maiden Point sandstones 

from the study area all fall within the Continental Block 
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Figure 3 

Q-F-I:IRF (quartz-feldspar-unidentified rock 
fragments) triangular diagram 
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Provenance s of Dickinson and S u c z e k ( 1 97 .9). S m i t' s ( 1 97 1 ) , 

data generally conf.orms to this but Smyth's (1973) 

distribution indicates a ;lightly greater lithic conten~ · 

The Goose Tickle · sandstones, sa11tpled from massive 

beds, fall between the Continental Provenances and Recycl~d 

0 r o g en Provenance f 1 e 1 d _s ( D 1 c kin son a n d S u c z e k, 1 97 9) 

(Fig. 3 ). This spread supports the idea th~t tHe Middle 

Ordovician · Goose Ti~kle Formation has been partly derive~ 

from recycled lower Cambrian continentally-derived. pri.sm 

san<\stone.s and partly from " the Allochthon during 

emplacement. 

The Qm,Q.p,F plot (Fig.4) shows clearly that ·the Halden 

Point Formation has a sligh_tly hfgher feldspar content than 

the·White Islands Formation. The Goose Tickle Formation 

contains sl·ightly lower . quantities of polycrystalline 
' 

quartz than the other, sandstones. This may simply be a 

reflection of smaller grain size. 

Th~ Perthi te, F, Microcl ine plot (Fig. 5) represents only 

the White Islands and Maiden Point Formations since the 

Goose Tickle Formation contains only plagioclase feldspar. 

It can be seen clearly that the White Islands Formation 

contains significant amounts of recognizable perthi t~ and 

microcline whereas the Maiden Point Formation contains 

::~mali amounts of perthite only. This may reflect loss of 

perth! te and microcline during tran.:spo'rt and deposition of ... 
the Maiden Point Formation by chemical weathering (and not 

by abrasion since much of the Maiden Point .sandstones are 
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Q m - Q p - F ( m o n o c r y s t a 1 1 1 n e ' · q t z'. g r a 1 n s -
polycrystall1ne qtz. gra1n.s '-feldspar) triangular 
diagram 

.. 

.• . ,, . ' 

'-· 



.. • 

\ 

\ 

• Goose Tickle 

A Maiden Point 

+ White Islands 

Qm 

. ' . . ' . "t A 

A 

, .: 

Op~----------------~------------------~F 

Om- monocrystalline qtz; Qp- polycrystalline qtz; 

· F- total feldspar 

l 

.. 



.· 

Figure 5 

• F-per.thite-m icrocl ine trianguiar diagram 
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of similar grain sizes to the White Islands sandstones). 

The histograms in Fig.6 :show the percentage of 

all ·feldspars in the total rock from the samples used. It 

is interesting to note that the average feldspar content in 

the M a i den Point and ' Goose Tickle Form at i 'o n s · is 

significantly higher than in the White Islands Formation. 

The differences in feldspar content between the White 

Islands and Maiden Point Formations perhaps suggest that 

the feldspars in the White Islands Formation rave been 

pr.eferent(ally removed by mechanical abrasion, possibly in 

a beach fa~ies environment (see paragraph below). 

Sedimentary facies interpretation 

White I .slands Formation l 

Because of disagreement over the affiliation of the · 

White Islands Formation to a defined formation (see Chapter, 

2) comparisons with other sediments will not be made. 

However, Tuke (1968) who visited the White Islands 

interpreted the sandstones as a beach facies b.ased on the 

~xistence of horizontal laminae and parting lineation~ The 

author has no reason to disagree with this interpretation. 
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Figure 6 

Percentage of total feldspars in the White 
Islands, Goose Tickle and Maiden Point Formations 
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Maiden Point Fo~mation 

The Maiden Point Formation south of Hare Bay consists 

of sandstones and slates of which sandstones account for 

about 80S of the total sediment (Smyth, 1973) which is of 

similar proportions to the Maiden Point sediments on 

Quirpon Island. The Quirpon sediments have similar features 

to those south of Hare Bay but show considerably more 

com'paction structures (Chap.ter 3). The Maiden Point 

sandstones on Quirpon Island are also similarly 

compositionally mature and ttlxturally immature. Smyth 

( 1 97 3) concluded that the ,Ha 1 den. Point sediments showed 

features typical of proximal turbidites, howev.er Stevens 

(1970), examining the lower quartzo-feldspathic flysch of 

· the Curlipg Group (which includes Maiden Point Formation 

co.~relat1ves) concluded tpat the sediments were turbidites 

developed on a deep-sea fan. Both authors agree on a 

p r o b a b 1 e w e s t e r n ( S t e v e n . .s , 1 97 0 ) l o n o r t h w e s t e r n ( S m y t h , 

1973) source. It is not obvious from the descriptions given 

by stevens ( 1 970) or Smyth ( 1 W 3) or from work completed by 

the autt}or, that the Maiden Point sedi_ments can be simply 

classified as proximal or as deep-sea fan deposits. The 
~ . . 

latter is questioned because coarsentng upwards sequences. 

have not been recognized, and the former is queried because 

a d~ep water origin is not necessarily precluded on the 

basis of coarse grai.n size. Th.den 'Point sediments 

appear to more closely fit the sl~wedge model developed 
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by Parker (1977). This model facilitates St'evens• (1970) 

deep water origin and explains the lack of deep water fan 

facie~ and · is r--6oured by the author. 

Goo~ckle Formation 

Both Tuke ( 196 8) and Smyth ( 1 973) descrided the Goose 

Tickle Form;ition as turbidites. 'Smyth (1973) noted that the 

rocks south of Hare Bay show . partial Bouma sequences 

·consisting of graded bases·and . upper cross- or p~rallel­

laminated"divisions. This is simil~r to the Goose Tickle 

Formation on Quirpon Island where more complete Bouma 

sequences are- · .seen (Chapt~r 2). 

.. Bo~h Tuke (1968> and $myth (1973) found graptolites in 
I 

the s~iments and concluded that the rocks represent a deep 

water facies which Smyth ( 1 973) indicated . was 

northeasterly-deriyed. The author agrees with thi1t-

1nterpretat1on though no evidence for a northeasterly 

located source is found on Quirpon Island. Although the 

rocks in the Quirpon area are much ' deformed, coarsening 

upwards sequenc~s are not found which suggests that a 

slope-wedge f"'acies mo,Pel (Parker, 1977) is valid for the 

Goose Tickle Formation. 
' <I 
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CHAPTER 5 · 

MELANGE AND MYLONITE ZONES 

Previous work in melange terranes 

Hsu (1968) stated that mela-nges are deformed rocks 

containing tectonically mixed blocks of both native and 

exotic origin in a pelitic matrix. He envisaged two 

distinct ·processes occurring during melange formation, 

i) fragmentation, and 

ii) mixing, with whiCh he drew analogies to the mixing 

of ground moraine beneath a glacier. 

Hsu "(1968) also noted the previous u:Se of the ,term 
) 

"wildflysch" to describe melanges and olistostromes because 
. 

of similarities in appearance, but stressed that the 

formational processes are different and that melang_e should 

be restricted to description of tectonic m~xtures. However 

he ac knowle~ged that th~ distinction be ~wee~melange and 

a deformed olhtostrome is difficult and sta ed that rocks . . 

found in an olistostrome that are younger t an the age of 

olistostrome sedimentation should indicate 1t is a 

Gansser ( 1974) noted tl:te a:ssociat1on o( melanges with 

belts and suggested the use of the term 

1 tic meiange. He d.ef ined . such melanges as result i ng 

oth olistostromal and tectonic processes because they 
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contain exotic 'blocks which could not be deriv.ed by a 

purely tectonic process. This is) borne out by ,earlier 

observations by Stevens (1970) who des_cribed the majo_r 

melange zone below the ophiolite in the Humber Arm 

Allochthon which he interpreted as an original 

olistostromal deposit sub.seq uently overridden and deformed 

d u r i n s em p 1 ace men t. G an sse r ( 1 97 4) a 1 so m ad e t Ia 

observation that ophiolites are visible because they are 

abducted rather than subducted and that "ophi.oli tic melange · 

·may be explained through a mechanism related to obduction". 

Bruckner ( 1975) preferred the purely descriptive term 

"zones of chaotic structure" because of confusion as to 
• 

whether melanges are tectonic, sedimentary or both. He 

be 1 i e v e d t h a t t h e c h a o t i c n a t u r e w a s p r_i m a r 1 1 y a n d 

dominantly the re'5ult of .subaerial exogenic processes and 

... that tectonic processes wer~ aecondary. 
. ~~ 

Melanges which define tectqnic contacts between 

formations are referred to as 1nterformat1onal, those 

occur r 1 n g w it h 1 n 11 tho 1 o g i c a 1 u n i t s · a r e termed ... 

intraformational melanges. Each type is described 

separately. 
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. INTERFORMATIONAL SHEAR ZONES 

Goose Tickle/Maiden Point melange zone 

. " Melange zones mark the contacts between the Goose 

Tickle Formation and the Maiden Point Slice, A melange zone 

forms the boundary of the Grandmother's Cove inlier, and 

others are exposed on Jacq~es Cartier Islan«t~ at Lighthouse 

Cove and at Whale Point (Plate 29)~ The e d g e s of the 

melange zone are defined where beds -of the Maiden ~oint and 

·co'ose Tickle Formations cease to be boudinaged and 

intermixed. The· melanges are characterized by . a black, 

commonly pyritif'erous, finely cleaved (51) shale matrix • 

. At, the east side of Grandmother's Cove the melange zone is 

~ 
about 40m wid~.· It fs full of sloughed off and boudinaged 

blocks of Maiden Point sandstone intermixed ·with calcareous 

Goose Tickle lami~ated sandstones and siltstones. Pods and 

boudins of Goose Tickle and Maiden Point l1tholog.ies become 

more profuse towards the contacts with their respective 

outcrops. A single piece of isotropic leucogabbro from tfle 

Maiden Point Formation was seen in the melange zone on the 

e-astern side of the Grandmother's' Co\oe inlier. The fine 

sandstones and siltstones of thl· Goo~e Tickle Formation in 

· the melange zone are cut by the cleavage which is axial· 

plana~:\o several. small scale folds. · The limbs of t'hese 

fal.ds are sheared out but the beds preserved in the 

rem a 1 n 1 n g h 1 n g e s 1 !1. d i c a t e ' /'!Ju n g 1 n g t o t h e south. · I t w a s 
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Plate 22_a 

The . Goose Tickle Fm./Ma.iden Point Fm. 
melange Z(}ne. Relatively . undeformed Maiden 
Point sandstones are located in the 
distance. Photograph taken standing on Goose 
Tickle Fm. The melange zone 'is shaly and 
full of sub rounded clasts of pebble.;. to 
boulder-sized clasts of Goose Tickle Fm. 
and Maiden Point Fm. lithologies. Also 
present are probable clas~s of peridotite. 
The shear zone is .steeply east .. dipping and 
carries a strong S2 cleavagL View looking 
west from the eastern contact of the 
Grandmo'ther• s Cove inlier 

Plate 2 9~-

. The Goose Tickle Fm. (right)/Maiden Point 
Fm. (left) contact at Whale Point. The 
melange zone has been fauLted out in ' this 
locality and the fault dips steeply west 
(left). Gr-ands Galets Head (consisting of 
Goose Cove Schi'st) is vhible in the 

. backgroun~ View - looking northeast 

' . ,, 





not possible to determine the orientation of the fold axe~ 

· The western limb of one small fold has been slightly 

refolded so that S1. cuts it twice. Northeast of . Dumenil 

Point the black shale matrix is slicke'nsid.ed and contains 

subrounded gravel to cobble-sized grey/green clasts of 

serpentinite ( P 1 a t e · 2 9 a ). T h e c 1 a s t s w e a t h e r a . 

characteristic orange-buff and some cont~ain numerous 

euhedral orange-weathering crystals (of · amph.ibole?) up to 

4mm wide. This weathering is characteristic of peridotite. 

The western contact of the Goose Tickle Formation with 
I 

the Maiden Point Slice is sharp. The underlying rocks are 

strongly sheared and boudinaged close to the contact, but 

t h e sa n d s t" o n e s o f t h e M a i d e n P o 1 n .t S 1 1 c e a r e m o r e 

homogeneous and are not boudinaged or broken. Thus the 

melange zone is developed only in the Goose Tickle 

Formation lithologies here. The cleavage (S'l) in the 

melange dips steeply southeast on both sides of the inlier • 
. 

The contact on Jacques Cartier Island is sharp put 

both forma~ions have ~een disrupted and sheared. Disruption 

is greatest in the shale-rich Goose Tickle Formation where 

beds are boudinaged in a zone 1-5m wide adjacent to the 

contact. The cleavage, S~, is mostly sub-parallel to the 

contact but at the northw~stern · tip of the island . the 

contact strikes northeast - southwest dipping southeast at 

70° and is cut by t~~ cleavage which strikes north-

northeast - south-southwest. 

A contact between the Goose Tickle and Maiden Point 
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Formations is exposed on the south side of Lighthouse Cove 

w h e r e a s m, a l 1 i n 1i e r of h i g h 1 y s h e a r e d G o o s e T i c k 1 e 

sediment~ is exposed. The beds here have been severely 

disrupted and boudinaged as described previously and are 

considered · to be part of the contact' melange zone. The 

southern contact against the Maiden Point Formation is 

sharp and is marked by a 7m wide zone of finely cleaved 

black shale. The contact zone can be traced southwest"'ards 
\ 

within the Maiden Point for a distance of 0.5km . as a 

discrete finely cleaved shale band that carries a fracture 

cleavage (S3). The zone runs in.to the northern tip o.f a 

large pillow lava body which occurs in this region. The 

pillow lavas are bla~tomyloni tic in this zone and. carry a 

locally developed L-S fabric. 

The melange zone at Whale Point has been modified by a .. . . 
late stage fault which dips 75° t.o the northwest (Plate 

29b, facing p.86 ). The Goqse Tickle sediments have been 

strongly deformed adjacen~ to the fault where cobble to 

boulder-sized .clasts of fine- to medium-grained sandston.e 

rest in a finely cleaved black ·shale matrix (Plate 29b, 

facing p,86), W e s t of t h e f a u·l t • t h ~ H a i d e n P o i n t 

Formation is shale-rich and has been strongly ·deformed. T~e · 

shale is pyritiferous in places · and contains gravel to 

boulder-sized clasts of sandston.e up to lm across. Silty 

bands in the shale have been isoclinally folded on a small 

scale with S2- parallel to the axial '(;1anes of the folds. 

More competent san.dstones mark the western edge of the 
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melange zone. 

The nature of the contact is not seen on The Wh~le, 

southwe3t . of Cape Bauld, because 1.t is submerged beneath . 

low 'water level. The Goose Tickle Formation has. been 

. strortgly deformed and boudinaged here, as described before, 

and ·is considered to~be part of the contact zone. In this 

lithology, a small rootless fold hinge haa been refolded by 

a ~econd generation fold which carries an axial pl~nar 

· cleavage, S'- (Plate 3 0). 

Maiden Point/Gbose Cove Schist mylonite zone 

The tectonic contact between the allochthonous slibes 

of the Maiden Point Formation and the overlying Goose Cove o 

Schist is defined , by a mylonite SQear zone that has a 

structural thickness of about ·30m me~sured normal to the 

tectonic foliatio·n. The zone is ~eveloped in strongly 

banded and foliated Maiden Point sandstones. The zone 

.everywhere dips steeply eastwards except on the east side 
. 

of .the G.oose Cove klippe around ~hale Point where it dips 

steeply to the northwest. The direction of . dip of the zone 

at the southern end of the klippe where it strikes east-

west cannot be determined. 

The mylonite carries a strong wavy foliation parallel 

to th1n ·d1.continupus white mylonitic quartz bands in a 

buff-coloured matrix. The white quartz bahds are the 

remnants of small :scale similar style rootless 1ntrafolial 

. , . 
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Plate 30 

Refolded small,...,.scale isoclinal Fl fold hinge 
. in · the Goose Tickle Fm. affected by F2. 

Note the cleavage, ~2, is axial planar to 
F2. Note dislocation of . the sandstone band lfl' 
along S.! planes • . · The Wh1He 

.. 
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i3oclincil folds with the sheared limbs lying parallel to .. 
th-~ foliation _(Plate 31). 

The contact with the Goose Cove Schist is gradational 

but the tran~itional zone from mylonite to actinolite 

schist is very narrow so that the upper contact is fairly 

easily defined. The gradation between mylonitic sandstones 

i n t h e con t a c t z one a n d t h e· 1 e s s de f or m e d sa n d s tone s of the 

Maiden Point Formation makes definition of the lower 

contact more arbitrary. 

Late stage movement within the mylonite zone is 
.· ,/, 

indic~ th~ presenc'e of several lenses of anastamosing 

ultramylonitic "crush zones~ seen at Whale Pciint which 

" truncate the mylonitic foliat-ion (Plate 32). A small lens 

of undeformed Maiden Point gabbro intrudes the mylonite 

zone truncating the foliation, west of Grands G.alets Bay 

and clearly po3t-dates movement in the zone. 

· Petrography and microstructures 

Five - representative samples were collected i'n a 

traverse across the mylonfte zone southwest of Grands 

Galets Bay. Towards the contact w 1 th the Goose Cove Schist. 

the Maiden Point sandst6.nes become recrystallized (Plate 

33a). Small detrita~quartz grai.ns are pr-eferentially 

recrystallized leaving larger quartz porphyroclasts (Plate 

3 3 b). P a 1 e ·green m 1 c a and q h 1 or 1 t e are com m on 1 y· 
.. 

a~sociate~ Carbonate is a mino~ bu~ chara6t~ristic mineral 
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Plate 31 

The Haide~ Point F~./Goose Cove Schist 
mylonite zoni west of Grands Galets Bay. 
White lense~ of deformed Kaiden Point 
qu~rtzite rest in a finely comminuted 
sheared and foliated actinolitic matrix. 
Note dismembered small scale fold hinges in 
the mylonitized quartz i te. The mylonite 
zone in this region dips steeply east 
beneath the Goose Cove Schist 

.-. ; .-11 





• 

I 

• 

. . 

Plate 32a 

·Evidence of late stage movement along the 
Maiden Point Fm./Goose Cove Schist mylonite 
z one i s in d 1 c a ted by the pres en o.e of 
ul.tramylonite zones (dark grey) within'--ttl"e 
mylonite ZQne. Grands Galets Point 

Plate 32b 

As above. Note truncation of the main 
foliation,- S2, in the Goose Cove Schist (top 
left). Grands Gale,ts Point 
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Plate 33a 

Photomicrograph of slightly' deformed Maiden 
Point Fm. --' sandstone near the Maiden 
Ppint side · of the Maiden Point .Fm./Goo.se 
Cllve Schist mylonite zone. Detrital grains 
still recognizable. Southwest of Grands 
Gale ts Bay (crossed poJ.ars). -(Specimen 19-
8-3) . 

Plate 33b 

Photomicrograph of .specimen from closer to 
the Goose Cove Schist contact where the 
H a 1 de n Po i n t sa n d s t one s a r e m or e ·deform e d. -
Small detrital grains are recrystallized ahd 
large grains (lower centre) are stretched in 
the plane of shearing (left-righl;). Note· 
recognizable twinned grain of partially 
serici tized plagioclase (top right) (crossed< 
polars). (Specimen 19-8-5) 
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throughout, occurring as fine anhedral grains • 

. Recrystallization ha·s ho~Qg~nized the sandstone 
'.l 

approximately 10m from the actinolite schists. Here "t h e 

quartz forms . a fine-grained polygonal te.xture with nearly 

heu~gonal grains .,displaying 120° tri ·ple point junctions.; 

E v 1 d e n c e of t h e e x 1 s t e n c e of or i g l n a 1 l a r g e r de t r l t a 1 
' 

grains is shown by areas of slightly coarser crystals that 

maintain a· similar optic or~ntation distinct from the 

matrix quartz (Plate 34). The rock· is almo:st pure quartz 

at this locality with little or no sericite and chlorite. 
' ( 

The . quartz matrix is cut by numerous anastamosing micro-

shear zories of crypto-crystalline quartz. These are 

associated ~ith concentrations of dustt opaqu~ material and 

small amounts of chlorite: Minor relict gra:iris · of 

plagioclase · are seen but the.se are small. At the 

approximate contact 'between the Maiden Point sandstone~ and 

Goose Cove actinolite schists the rock consists of 

colourless to pale green sericite containing inclusions of 

oval-shaped spnene with a st.rong CL-?) S fabric developed 

parallel to the foliation' defined by the .sericite. The 

sericite is interbanded with - thin discontinuous lenses of 

fine-grained to microcrystalline quart:z in a mortar 

texture. The .s e ric i t e I qua r t z band 1 n g define s the 

foliation. The sericite carries a penetrative conjugate 

crenulation couple which may be · related to the crenulations 
'r 

33 and . S4 described"" in Chapter 6. 
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Plate 34a 

Photomicrograph of .sample from the centre of 
the Maiden Point Fm./Goose Cove Schist 
mylonite zone. The Maiden Point sandstone 
has become completely recrystallized and .the 
quartz cry~tallographically reoriented. 
Domains of coarser grain,ed quartz probably 
represent · incompletely rl!crystallized large 
detrital grains. Lenses of fine-grained 
opaque and micaceous mat~rial define 
tbe mylon~tic foliation. Southwest of 
Grands Galets Bay (crossed polars). 
(Specimen I 9- 8-6) 

Plate 34b 

Photomicrograph of quartz-rich 
blastomylonite withtn the · Goose Cove Schist 
adjac.ent to the Maiden Point Fm./Goon Cove 
Schist mylonite tone. Or-iginal sandstone 
lithology completely destroyed and quartz . 
grains lie in a finely comminuted opaque 
matr:ix. Mylonitic foliation run.s left to 
right. Southwest of Grands Galets Bay 
(crossed polar.s). _ (Specimen #25-8-4) . . 
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INTRAFORMATIONAL MELANGE ZONE-S 

Maiden Point Formation melange zones 

6 

The melange exposed in Degrat Harbour contains blocks 

of similar lithologies to those seen along strike at the 

south tip_ of Quirpon .Island but are general ly larger in 

size. The bloaks consist of calcareous laminated brown-

weathering· siltstones and calcareous silty volcanicla st1c 

rocks which in one specimen contain echinoderm fragments 

(Plate 35). Other blocks consist of Maiden Point 

sandstone~ and pillow lavas which are i~ places so 

intensely cleaved that . original structures are obliterated. 

Sheep Island and Degrat Island probably represenr large 

pillow lava and sandstone lenses in the melange. The pillow 

lavas on Degr.at Island ·are characteristically . amygdaloidal 

and non~variolitic and are cut by small discontinuo~s dykes 

of diabase. The calcareous siltstones and volcanic rocks 

are exotic lithologies because they are not found elsewhere 

in the Hai den Point rormation. 
I . 

Discussion 

Smyth ( 1973), · working in the southern part-of the Hare 

Bay Allochthon noted that melange zones occurred at the 

contacts betw .een all of the allochthonous :slices. He also 

found .melange zones 1n the Maiden Point Formation at Deep 
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Plate 35 

Photomicrograph of echinoderm plates in 
limestone pebble from the intra­
formational melange zone in the Maiden Point 
Fm. at Degrat Harbour. Each plate consists 
of a · single calcite crystal, and several 
plates show epitaxial growth of calcite. 
(Crossed polars)~ (Specimen 122-7-3) 

\ 

i 
l 

)j 





•• 

L 

Bay and · L 1 t t 1 e .C a n a d a H a r b our "w h 1 c h a r e s 1 m 11 a r i n a 11 

respects to tpe intraformational melange· described above, 

and which contain erotic- blocks of brown-weathered 

calcareous siltstone and a block of diabasL He considered 

that these blocks were probably derived from the No_rthwest 

Arm Formation and were included in the melange by a process 

of either gravity sliding or tectonic incorporati-on. 

Following Smyth's (1973) argument it is also likely that 

the source for the exotic blocks in the Maiden Point 

intraformational melange at Degrat harbour was alsQ the 

Northwest Arm Formati-on. Smyth ( 1973) interpreted the 

melange zones as having formed during the final emplacement 

by gravity sliding of the Hare Bay Allochthon. It i.s the 

authors opinion that the melanges on Quirpon Island are 

tectonic in origin ' with the possible exception of the -~ 

Degrat Harbour melange and the interformational melange 

which bounds _the Grandmother's Cove inlier. These melanges 

cont1lin exotic blocks which may have been ir)corporated by 

processes of initial sedimentary slumping followed by 

tectonic incorporation and deformation as the 3llochthonous 

slices rode over these terranes. 

Smyth ( 1973) found that the basal contact of the Goose . 

Cove S c h 1 .s t on F i shot I s 1 and con s 1 s ted of a me 1 an g e zone. 

This is in contrast to the ob3erved contact on Quirpon 

Island which• &3 described above, consis.ts of a well 

def i ned ductile mylonite zone. 
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CHAPTER 6 

STRUCTURE 

Introduction \";""' .,. 

Each unit that has b~en defined in the Quirpon Island 

area displays a characte'ri stic, unique structural signature 

relating to fundamental differences in the deformation 

historie~ of the units. Additionally, each unit consists of 

unique lithologi~s which may have behaved . differently under 

the same 5tress ·regime. 

The rocks in each structural slice probably underwent 

different deformational and metv!Dorphic histories before 

the 1 r f 1 n.a 1 tecto n i.e i nco r p or a t 1 on 1 n to the H a r e Bay 

Allochthon and emplacement onto the continental margin of 

eastern North .America. the structures in the autochthonous 

and allochthonous units must therefore initially be 

considered separately. 

This chapter deals with the description of: 

1) the geometry of observed and inferred large scale 

• structures in each unit; 

2<) m e s o s c o p 1 c s t r u c t u r e s ( f o 1 d s , t: o 11 a t 1 on s , l1 n e a t 1 o n s 

etc. that are observed in the field); and 

3) microstructures (mostiy from thin section analysh). 

The deformation sopemes for ~ch unit are summarized 
-

in tabular form (F1g.7, located in back pocket). 
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White Isl~rids Formation 

The sandstones exposed on the White Islands carry a 

well developed heterogeneous slaty cleavage, S1, which dips 
•.\ 

steeply eastwards and is always steeper than the constantly 

dipping and fJclng b~ds which it cuts (Plate 36 and Fig. 
' . 

8). No small, mesoscopic or large scale~folds that might be 

a ·ssociated with the cleavage were obse.rved in the . Q 

sandstone. In the slate band on the east side of the main 

island however, numerous · small scale prolate lenses of 

deformed ~uartz define a strong rodding lineation that 

plunges steeply east in the plane of the cleavage (Fig. 8). 

The lineation thus appears to be related to the ~leavage 

and may indicate the stretching direction or the relict 

boudinaged axes of small scale fold hingeL 

· . The bedding and cleavage relationships co uld not be 

measured in the field, - but from stereonet construction it 

can be shown that the intersection lineation trends north-

n or t h w e s t - s o u t h - s o u t'h e a s t and is approximately 

horizontal (Fig. 8). From this can be inferred the existence 

of a large scale north-northwest - south-southeast-

trending, horizontal fold with the main island lying on 

the e~st.limb of an antiform. 

101 

-~ · 

,, 
'I 



/ 

. ~-

Plate 36 

BeQding, dipping steepl~ to . the right 
(east), and cleavage (vertical) -relation~hip 
in the coarse-grained sub-arkosic white 
sandstones of the White Island~ Fm. There 
is a lack of younging directions in the 
s~ndstone but beds are interpreted to young 
consistently to the ea~t. View from north 
side of main island 
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Figure 8 

Stereonet of bedding, Sl cleavage, and· rodding 
;lineation in the White Islands Formation 
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Microstructures · 

In the rock matrix S1 is defined by parallel alignment 

of fine-grained sericite lihich forms a strong foliation of 
\ 

anastomosing films wrapping around the ~onstituent grains. 
/ 

Recrystallized quartz forms fine-grained blebs in the 
' ' . . . 

pressure shadows of some detrital quartz grains. In the· . 
pressure shadows of the. ol'd gra·ins and where these blebs 

• 
are still .in optical contact, grain bounda_ry migration 

normal to the fo-liation has been restricted by the plate-

1'11<e sericite so ~hat th~ recrystallized quartz forms 

digitate-like structures in . the foliation plane which 

define ·a n S f a b r i c i n the S 1 pl a n e. W her e de t r i t a 1 g r a 1 n s 

touch . the grain boundaries are com'monly em bayed, the 

contacts being ·sites for the recrystallized grain material 

or sericite, indicating that .pressure solution has operated 

(White and Knipe, 1978). A quartz c-axis study was 

completed on the sedimentary grains of orie specimen using a 

standard four-axis univers-al stage but revealed no 

preferred crystallographi'c .orientation (fig. 9). Unlike the • 
. 

q ua·rtz, fel ds pars appear fresh . and undeformed . 

. These mi~rostructures · suggest that c1eave3ge 

development may have oc~urred to some extent in r:-elation to 

pressur-e solution pr•ocesses .~e.g. the quartz pressure . 

shadows). De vel o pm ent of cry stall ogr aph.i c preferred 

orientation i~ quartz 1~ not likel{ ·_to occur in association 

with such a deforl!lation mechanis4 (Paterson, 1973; Ni(:olas 
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Figure 9 

Stereonet of random quartz C:-axis fabric of 
sedimentary grains from the Wh.f:te Islands Formation 
sandstones: Orientation of bedding unknown 
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& Poirier, 1976). Further, the c-axis study· indicates that 

tbe internal deformation of the strained gr~ins probably 

occurred before they were incorporated into th~ sandstone. 
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Goose Tickle Formation 

Str~ctural elements 

The different structural elements of the Goose Tickle 

Formation are introduced in this section followed by the 

detailed descriptions of structures in the different 

subareas. .. 

I:l folds 

Two generations of folds can be r~cognized in certain 

parts of the Goose.Tickle Formation 6n the basis of 

mesoscopic overprin~ing criteria. The earliest fold 

generation includes a set of pre-cleavage isoclinal folds 

(Ft) that are rec9gniz.ed only in the large · inlier in 

Grand111oth~r's Cove and in the smaller inliers located in 

,Lighthouse Cove, and also . on the Whale, southwest of Cape 

Bauld and on rock · D. · of the Islets. Fold style · and scale 

cannot be directly observed since complete f9ld sections 

are not exposed, except .on r~ck o.' of the Islets whe~e . a 

partial hinge domain :is exposed (Fj,g. 1 0) and on The Whale 

(Plate 30, facing p. 90 ). Instead -F1 folds are recognized 

on the b a s i s of f ·a ci n g rev e r sa 1 s 1 n bed d i n g .t h a t i s 1 n 

constant angular relationship with respect to the later­

devel oped cleavage. The . axial surfaces of F1 folds, S1, are 
"' 
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Figure 10 

Sketch map of the Islets rock D. showing F1 
isoclinal fold and F2 folds 
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not seen. r·F2 fol~o and S2 cleavage 
,·, 

The second generation inclu~es a set of mesoscopic 

tight, similar folds (F2) which occur throughout . Ute unit 

and which also affect both the Goose Tickle and Halden 

P.oint Formatio-ns _and their tectonic contacts and are 

associated with an axial planar cleavage, S2 (Plates 37b. & 

38a). S2 is developed in the shales and in the sandstones 

as a fissil~ slaty cleavage and a non-penetrative fracture 

cleavage, respectively. Cleavage fans are obs.erved in the 

slates in many F2 fold hinge~, . the cleavage being divergent 

in the pelitic layers. Cleavage fans are not observed in 

the sandstone beds and instead the cleavage traverses the 

beds as sub-parallel sels in the plane of the axial 

sur(ace. , 

Small scale F2 fold hinges, seen only in sandstone 

bedsi are· mostly sheared out and lost along small scale 
-~ 

faults that develop parallel to S2. However, complete smtlll 

scale folds were observed in the field varying in size from 

a few centimete'rs to 4-'sm across the hinge zone • . It was 

not possible to discern fold wavelength, because in n~arly 

.all cases where fold hinges are preserved, the fold limbs 

have been either greatly thinned or faulted ou~ 

·I 
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Plate 37 

D eta i1 of t y p i c a 1 in e so scopic a s y ni m e t r 1 c 
similar style F2 fold in the Goo~e Tickle 
fm., Grandmother's Cove in~ier. The shale 
carries a very strong penetrative slaty 
cleavage, S2, which is developed in the 
sa n d ~ ton e s · a s · a f r a c t ).Ire c 1 e a v a g e. No t e 
differential movement along S2 surfaces at 
base of thick sandstone bed and more severe 
disruption of thinner sandstone bed~ · below. 
Shearing along S2 is characteristic and fold 
hinges are often completely dismembered from 
the limbs 
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Plate 3 8a 

Hesoscopic F2 fold in the Goose Tickle Fm. 
on the west coast of, Jacque's Cartier Is. 
(map case on fQld for scale). Note the 
chaotic nature of the shaly 11 thology which 
is due to its proxtmity to the thrust 
contact with the Maiden Point Fm. several 
metres east (right) of picture. Fol<; is 
asymmetric, S-shaped when viewed from the 
n~rtheast and plunges steeply southeast (see 
Fig.12c). Note well developed 32 axial 
pla ria.r' cleavage 

Plate 3 8b 

Detail of structure• in the Goose Tickli Fm. 
at Lighthouse Cove! Bedding 'laminae are 
horizontal, s~ slaty cleavage dips st,eeply 
to the left· and the sparsely devel~ped 33 
crenulation c~eavage dips to the right 
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F3 folds and S3 cleavage·• 

A third generation of very sm<Hl scale op,en fo~d~, 

(F3), can be dhtinguished at ,only one locality on Chain 

. Rock. Elsewhere, evidence of deformation is restric;ted to 

the presence of a cleavage (S3) whi~h is develo,pe .. d only in 

the slate lithologies. -Host commonly . S3 has the morphology 

cif a ·fracture cleavage, and is defined by closely-.spac·ed 

(few ~m) ,rraeture-11i<e planes sep,ratin.g microlithons which 

show a straight internal fabric. Rarely S3 is developed as 

a cre·nulation cleavage causing microfolding of the bedding 

and S2 surfaces (Plate 38b). 

J 

Structural geometry of subareas 

Gr.andm other's Cov~ 

A detailed -coastal section A-A' was made across . part 

of the large inlier exposed between Herring Cov~ Hea·d and 

north of the tti~' r ·.!llets in Grandmother's Cove (F1g.,~ 1).' 

Bed s s t r i k e nor t_h- n or the a s t and are c u t by the c 1 e a v a g e 

which strikes more to the east. The asymmf)try of small 

scale, tight, similar F2 folds in this area indica.tes that 
' .,. ~ 

a large scale F2 al)tiforma;t structure is situated t.o the 

west (Fig., 1, 1). ·Hear the .wes-t~rn contact against the 

Maiden Point Formation there 1,s a predominance of massive, 

largely unbedded slatey 11 thologies so that no fold hinges 
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Figure 11 

Plan section. A-A' in the Goose Tickle Fm. showing 
F 1 ali d F 2 fold~. You n g 1 n g ~ y m b o 1:1 1 n d 1 c a t e · that 
observed and assumed bedding are 1nt~rpreted as fold 
surfaces 
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. a r e o b s e r v e d. How e v e r ,- the c 1 e a v a g e i n t h i s 1 o c a li t y now 

strikes anticlockwise of the beds indicating that the lairge 

scale antiformal fold hinge lies to the east and thus 

occupies the central area of, the inlier. Thus from small 

scale F2 fold geometry and bedding ancf : ~leavage 

relationships the Grand_mother's Cove inlier is inferred to 

be a major F2 antiformal structure. 

Few younging directions were determined, but most beds 

on the eastern limb of this structure are right way up, and 

dip east-southeast betw_een 30° and 70~.~ 'However,· several 

beds, though maintaining the same attitude and bedding ·and 

cleavage relationships, are downward facing. This 

observation indicates the existence 9f an older fold set~ 

Fl, now refolded by F2 folds. The hinge zones of Fl folds 

are not observed in this region. 

Fl fold style can be indirectly inferred froi these 

observations. Because · facin-g reversals (with · respect to 82) 

occur iri sets of _Parallel beds in the limbs qf F2 folds, F1 

folds are inferred . to be isoclinal • . Also, because Fl hinge · 

zones are not observed_ in this area, Fl fold amplitudes are 

inferred to be large (Fig. 11). Though it is not possible to 
~ 

define the scale of F1 folds the fact that facing reversals 

vary in occurrence from a few metres· to tens of me~res, 

suggests that fold scale also varie-s ;-·-ihe 53 crenulation 

and fracture cleavag~ is · developed sparsely throughout : the 

inlier where . it is essentiat'ly at a horizontal attitude. 
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The Islets 

Facing reversals with respect to S2- were observed ot:~ 

rocks A. and D. of the Islets. On rock D. this condition 

can be shown to be the product of refolding of F1 folds. 
. .o· .. -

Here a southeasterly-closing recumbent F1 fold has ·been 

ref~lded by a. medium scale (15-20m) F2 f~ld~ Both limbs of 

the F1 fold are cut by the main cleavage, S2, which is 
. . 

axial planar to the F2 fold (Figs. 10, facing p,f08& 12a), 

The F2 fold axes on rock A~ plunge steeply south­

southeast a~ about 75° (Fig, 7, back pocket) • . Measured F2 

fold axes from the Grandmother's Cove inlier, though having 

a scattered distri~ution, indicate a variable plunge to the 

northeast between 20° .and 80° .(Fig. ·7, back pocket). The 

stereoplot of bedding and cleavage attitudes shows domainal 

variation, and a general intersection point indicating the 

overall hinge plung~ of the F2 folds is not apparent (Fig. 
. .. 

12b). It is therefore likely that on a large scale the F2 

structures are non-cylindrical. 

Jacques Cartier Island 

~ 

. The Goose Tickle Formation is exposed along a narrow 

strip o~ _ the west _coast of Jacques Cartier Island where it 

·is in ~tructural ~ontact with the H~iden Point Formation to 

th~ eas~ The .sediments here are intensely deformed and 

disrupted so that the · beds are . broken up and boud1naged in 

, 
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Figure 12 

Structurai stereonets for the G-oo!e . Tickle Fm • . 
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a finely cleaved rubbly black shale. Only two complet~ 

folds wer.e seen, these having hinge zones from 1-5m across 

but with their limbs .sheared out. Several reading.s were 

taken from t.he hiilge zone of one of these folds which is 

shown in Plate 36a. The fold has an S-asymmetry when viewed 
~ 

down the st,.eeply c-7-5°) southeast~plunging axis (Fig. 

12c). The short 11mb dips steeply .southea~t and is 

overturned, and the long limb, where beds are r.ight way up, 

dips to. the east. The fold is a reclined, ti·ght, anticline 
' • 

(Fig. 1 2c and Plate 3 Ba, facing p.111 ). S3 is sparsely _ 

developed in this lq.cality and has a horizontaJ~ttitude. 

Lighthouse Cove and the Whale 

The small inlier of Goose Tickle Formation rocks at 

Lighth~ CovO 1s intensely defo•med adjacent to the 

~ontact with the Maiden Point Formation. Beds are 

boudinaged into discrete pods of sandstone and siltstone 

in a less competent shale matrix and dip steeply southeast 

(Fig. 12d, facing p.11 b ). In this locality S3 is developed 

as a domainal crenulation cleavage occurring in · spaced 

parallel lamellae which affects S2 and bedding (Plate 3 8b, 

facing p.111 ). 

The 'Goou Tickle Format~on is also exposed on The 

Whale, a small tidal rock situated southwest of Cape · Bauld. 

Th~ bed~ here are also m~ch deformed and boudinaged because 

of their juxtaposition with the Maiden Point Foraatio~ 

J 
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:Boudinaged sediments young eastwards and lie sub-parallel 

to S2 which dips steeply east-~out~-east at about 75° 
' --

(Fig. 12e ). A single SJDall seale f 1. fold hinge was observed 

at this locali t:f. that has been Wfolded 'by f2 and cut by S2 

(Plate 30, facing p.90 ). 

Whale Point 

The Goose Tickle Formation is ~lso exposed on the 

tidal reef at Whale Point. The•beds are disrupted 

si m il a r 1 y to t;.h o s e 5 e e n . a d j ace n t t o t n e H a i de n Poi ~ t ., 
Formation elsewhere and are cut by S~ Though b~dding plane 

readings could no~ be taken, beds strike roughly ~ortheast 

" - sou t h w e s t a n d are a f f e c ted by s m a 11 s c a1 e F 2 f o 1 d s, the . 
limbs of which are sheaied out. S3 is sparsely _deYeloped in 

I . 

t h e s 1 a t e s h e r e. I t s h o-w s s om e v a r i a t 1 o n i n d 1 p b u t 

maintains a fairly constant northeast~southwest stike • 

.. 
Point Vert to Chain Rock ( _; 

'J 
A detailed coastal section, B-8', was ma.de lbetween 

·Point Vert - and Chain rock, on the mainland south of' Quir'pon 

Island (Fig. 13). The sediment.s in this area reveal 

similar bedding and cleavage relationships to those seen in 

the Grandmother's Cove inlier. However the beds have 

¢onslstent younging directions, and facing rever·sals with 
9 

' respect to S2 were not . found. F1 fold,s could not therefore 
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Figure 13 

Plan section 8-B' in the Goose Tickle Fm. showing 
F2 folds 
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be inferred (Fig. 13). The folds are identical in style t .o 

F2 folds in th-e Grandmother's Cove inlier. They vary from 

small scale folds with wavelengths of a few centimeters to 

about 1.5m and the cleavage lies at a similar attitude to 

S2 elsewhere. From .the outbrop pattern of small and 

mesoscopic scale folds it is possible to delineate the 

existence of a large scale F2 anticlinal structur& Host of .. 
the folds are asy11metric to the northwest" indicating an 

anticlinal hinge zone in this dir~ctio~ Folds closer to B 

in Figure 13 are less asymmetric, indicating that the 

anticlinal hinge zone is probably slightly west of & 

Th~ stereoplot for bedding and cleavage is similar to 

that from the Grandmother's Cov~ inli~~ but does not reveal 

a mean F2 fold axis plunge directio~ Bedding ~nd cleavage 

intersection lineations are also e~tremely variable. This 

may be a fu~ction of undersampling ot bedding and cleavag~ 

orientations. Howev~r, measured fold axes reveal a 

regional north-~ortheast - south-southwest trend with a 

gentle mean plunge 'of a few degree:s to the north-northeast 

(Fig. 12f, facing p.f16 ). On the basis of similarities in 

style and orlenta\ion patterns these folds are interpreted 

to belong to the F2 fold set. 

At Chain Rock the se·cond cle·avage, S3, is sub-vertical 

"and axial planat t-o small scale (10-15cm wavelength), 

symmetric, open folds (~h1ch affect gently northward-

dipping bedding and associated S2 cleavage • 
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Microstructures 

.· 
S2 cleavage 

The first cleavage, S2, is a heterogeneous, dom ainal-­

type of slaty cleavage defined in the matrix material by 

the preferred· orien.tation of _metamorphic chlorite, .the 

parallel alignment of small shale clasts, and by streaks 

of opaque minerals. Gray (1979) state-s that opaques may 

represent residues in seams related to th~ operat~on of 

pressure solution processes. '' Minor rigid body rotation of 

inequidimensional quartz grains lends a weak shape fabric 

to the sandstones in places, but this was ob~erved in the 

field at only one local! ty. • 

S3 cleavage 

. ' 

S3 was not observed in thin section because 'the slaty 

lithologies whi.ch carried this cleavage could not be 

sam~led. Also. no F1, F2 or F3 microfolds were observed in 

thin section analysis. 

Deformation history and large-scale structures 

It has been demonstrated that the deformati~n history 

for t.be Goose Tickle Formation includes the formation of 

three generations of str.uctures which are believed to 

.. --
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represent three phases of deformation. It has been shown 

that the rocks on 'the mainland part of Quirpon harbour and 

on Quirpoo Island have undergone different structural 

histories • 

. F"l · t"olds have been inferred for th~ Grandmother's Cove 

inlier and have been demonstrated on th,e Whale (Plat.e 30, 

facing p."}o) and on r'ock D. of the Islets (Fig. 1 o, facing 

p.10S ). Though it cannot be~~uivocally demonstrated, 1t 

is likely that all of the remaining Goose Tickle Formation 

inliers (i.e. Lighthouse Cove, Whale Point, rock A. of the 
I 

Islets and Jacques Cartier Island) have been affected by Pl 

folds because of their similar structural proximity to the 

Maiden Point Formation. This point is discusaed further in . 

Chapter a 
F1 folds pr841ate the formation of the. axial plane 

cleavage (S2) in the rocks. They are isoclinal, probably 

with large amplitudes and exist on different ,scales, though 
'-'·. 

microfolds were not observed. It is possible deformation 

occurred whilst the sediments were only partially 

con soli dated, though sof.t- sediment deformation does not 

necessarily impJ.y that a foliation or some other type of 

internal fabric ~~11 not develop (e.g. Gill, J 97 9). 

Evidence for post-Fl deformation is found throughout 

~the Goose Tickle Format(ion. F2 folds are associated with a n--

axial planar cleavage, S2, and are observed at most 

localities as·· small- to mesoscopic-scale, tight, similar 
. 

folds.• Small-scale faulting ..:,with_in the plane of 52 is 

122 



characteristic of this fold aet, and fold hinges are 

commonly-faulted out so that fold limbs and partial fold 

hinges are often obs~rve~ 

Large scale antiformal and anticlinal structures have 

been inferred in the Grandmother's Cove inlier and in 

section B-B' respectively. Other large scale structures 

>could not be inferred because the_ remaining outcrops of 

Goose Tickle rocks are small and widely separated. Also 

they have suffered considerable deformation because of 
• ~ i 

their proximity to thrust contacts with the Maiden Point 

Formation and consequently large scale structures cannot be 

discerned. 
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Maiden Point Formation 

Structural elements 

F1 folds • 

The earliest fold set. F1, consists of pre-cleavage 

folds ·which, though not directly observed, can be inferred 

from reversals in facing directions of bedding which is in 

constant angular relationship with respect to the first 

cleavage, ,S2 (related to F2 folds). F1 folds have been 

inferred in an F2 fold section at Lighthouse Cove, and 

possibly along the southwest coa:5t of Quirpon Island. F1 

fold style var~es from tight to isoclinal but fold symmetry 

and scale cannot be inferred because complete fold sections 

are not seen. Similarly to the Goose Tickle Formation the 

axial .surfaces of F1 folds, S1, are not seen. 

F2 folds and S2 cleavage 

F2 folds are related to an axial planar foliation, S2, 

a pervasive, anastomosing slaty cleavage. S.2 cuts the 

shales, but is developed in the sandstone:!! as a fracture 

cleavage. ·In areas where the dip of the sandstone beds and 

the cleavage are sub-parallel, foliation and bedding mask 

each other. 

F2 folds are similar in style and they have tight to 
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open fold geometries •. Fold scale ranges from 1-2m to 

several tens of metres, and o\_the basis of fold 

asymmetries and bedding and cleavage relationships. very 

large scale regional fold structures can be inferred. Thi:5 

fold generation affects the Goose Tickle Formation/Maiden 

Point Formation contact~ 

F3 folds and S3 cleavage 

F3 folds affect S2 and are observed at only one 

locality. The folds are small scale, very open and similar 

in style and are not associated w 1 th a :,cleavage. ,A cleavage 

(S3), which may be related to F3 fold.s is more sparsely 

developed than the Goose Tickle Formation S3 cleavage and 

is only observed in the intraformational melange· at Degrat 

Harbour. 

Structural geometry of subareas 

Lighthouse Cove 

At Lighthouse Cove immediately north of the contatt 

with the small inlier of Goose Tickle For~ation rocks, 

structural relationships indicate the existence of an Fl ... 
fold structure. Here, beds are overturned and dip between 

70°-87° to the northeast. and 40 to 50m north of this they 

a r e a 1 s o o v e r turned · b u t d i p be t w e en 7 5 °- 82 ° t o the south 

and all the beds are downward facing w 1 th respect to the 

.· 



• 

first cleavage, S2 (Fig. 14a, located in back Jlcket). 

Though the hinge of this structure is nf't seen, the 

sense of convergence of the beds suggests the fold closes 

to the northwest. If this is the case then the structure 

must be interpreted as an overturned anticline because the 

fold axis plunges steeply southeast (Fig. 15a). However, in 

order for this to be true the beds must have been 

overturn,d prior tu Ft because both limbs of the F1 

stucture are downward facing. This implies a pre-Ft folding 

event in OT'der to overturn the beds~ and there is no 

evidence to suggest this. Instead it is interpreted that 

the Fr fold was originally an anticline that was rotated 

and overturned during F2 folding to become a downward 

facing structure. The F1 axis is contained in the S2 plane • 

of t h e F 2 f o 1 d s ( F i g. 1 5 a ) s u p p or t i n g t h i s the o r y. T h e 

deformation is pre-cleavage. in age and it is possible that 

they may have been p~riods of soft-sediment deformation. 

Herring Cove Head to south tip of Quirpon Island 

' Structural relationships along the southwest coast 

between Herring Cove Head and the south tip of Quirpon 

Island may indicate the presence of F1 folding. Beds are 

mostly overturned to the w~st against the Goose Tickle 

Formation, though in a few localities they are right way 

up. Beds dip steeply east-northeast and are cut by S1 which 

dips about 65° east-southeast. The bedding and cleavage 

, 26 

, I 

' 



• 

I 

' 

Figure 15 

Structural stereonets for the Maiden Point Fm. 
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relationships are constant but there are reversals in 

facing directions with respect to S1. These reversals 

suggest that the region has been affected by F1 folds 

though complete fold sections are not· found. 

Grapnel Cove 

S2 is axial planar · to tight, asymmetric me5oscopic F2 

folds, 1-3m in wavelength, observed at Grapnel Cove (Plate 

39). The structures . exposed . here are very tight 

northwesterly-inclined simflar folds that have long, normal 

limbs, and short, overturned limbs that dip east-southeast 

between 65 ° and 80°. 
. . 

The fold axes plunge south at about 

_30~1g. · 15b, facing 'p.121) and the folds have Z-shaped 

as{~etries when viewed down the plunge of the axes. 

Asymmetries of these folds indicate that this are~ is part 

of the western limb of a northwesterly-inclined anticline 

which closes to the northeast (F1g. 10, facing p.108). 

Colombier Cove and Pigeon Cove 

I n t h e Co 1 om b i e r Co v e a r e a , the. h 1 n g e z one s of F 2 

folds vary in width from 60m at Pigeon Cove to 350m at 

Colombier Cove. The large scale Fi fold at Colombier Cove 

has a long norm~l limb which dips southeast at between 60° 

and 80° and an o verturned short limb which dips between 

45,0 and 70° to the east and northeast (Fig. 14b, located in 
• 
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Plate 39 

View to south of part of a tight, 
asymmetric, northwesterly-inclined 
mesoscopic F2 fold in the Haiden Point 
sandstones at Grapnel Cove. Long, upright 
limb is to the right (west), and short, 
overturned limb is to the left ('east). Fold 
axis plunges south away from camera at about 
30° (see Fig.16b) 
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back pocket and Fig. 1 5c, facin~ p. ). The axial plunge_ 

of the fold, thou~h variable, is .~bout·45° ~lightly north .. 
' . .. . . ' 

of e~~t, and the stru?ture has a Z-sha(led a.symme.try '!'hen 

viewed down the plunge of the axis. The hinge-line of. the 

smaller F2 f.olii a·t Pigeon Cove plunges ~toutheast -at about 

70° (Fig. 15d, fa .cing p.12l ), and also has a ·Z-_:shaped 

• asymmetry . when viewed down the plunge of the. axis (Fig. 

1 Lib back pocket ). 

These large · sctlle f~l,ds may be parasitic to even 

larger scale regional fold structur~s. S2 is axial planar 

to both the Co~ombie~ Cove and Pigeon Cove folds and the 

outcrop pattern clearly indicates. that they both lie on the 

same l~imb of. a larger scale fold structure,(Fig. 16).. T~ 
asymmetry of the Colombier Cove fold indicates that it .lies 

on the north w-estern limb of a north easter 1 y'- pl un gi ng, 
I 

northwesterly-inclined- synclinal anti.forin. On the other 

hand ' the asymmetry of the Pigeon ' cove fold seems to 

indicate that it forms part of . the northwestern limb of a 

southeasterly-plunging, northwesterly-inclined synclin~ 

H ow e v e r, ttte chan g ~ i n p 1 u n g e · d i r e c t i o n of t h e a x e s o f 

bqth folds explains this apparent inconsistency. Thus it 

app'ears that in this a·rea F2 folds, 

style, are non-:cylindrical. 
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Figure 16 

.The geometr'y of olaserved f2 folds (drawn in 'tieavy 
black) and the in(erred large scale F2 fold in the 
Maiden Point Formation 
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' 
' South Pigeon Cove 

The sand:~tones on the south side of Pigeon Cove form a 

large scale asymmetric open F2 fold structure similar in 

style to the Col om bier Cove fold. The western, normal long 

limb of this structure dips southeast at about 65° and 

passes through the gently curving hinge zone into the :~hort 

overturned eastern limb which ¢i:ps at about 72° north-
• 

northeast. Stereographic projection ··shows that the axis of 

this structure, though not seen or measurable in the field, 

plunges slightly south of east at abo1,.1t 60°. The fold has a 

Z-shaped asymmetry when viewed down the plunge of the axis. 

Cape Bauld 

Another large scale F2 fold was mapped around Cape 

Bauld where the axis also plunges slightly south of east at 

about 45° (Fig. 15e, facing p.f2?) and has a Z-shaped 

symmetry looking down the plunge of the axis. Both the 

south Pigeon Cove and Cape Bauld structures are east-

southeasterly-plunging inclined to almost reclined 

s y n c 1 1 n e .s, a l}d 11 e. 1 n the sam e do m a 1 n of the 1 a r g e r s c a 1 e 

s$:-ructure that also includes the Pigeon Cove artd Colomb1er 

Cove folds. 
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Grands Galets Point to the south tip of Quirpon Island 

Along the southeast coast of Quirp.on Island, between 

Grands Galets Point and the south tip, the effects of 

differential movement have obscured structural 

relationships. Because . of'- the paucity of well exposed 

sandstone compared· with more common pillow lavas in this 

region, only two younging directions were determined and 

these are overturned to the west. S2 along this c~ast 

strikes northeJst·wards and dips northw.est at about 45°. 

The bedding and cleavage relationships here suggest that 

the beds form part of the eastern limb of a southwester~y ­

closing F2 synform located around the south tip of t he 

island. It should be noted that the attitude of S2 alters 

fro111 an orientation of about 65° east-southeast on the 

other limb of this structure, between Herring Cove Head and 

the south tip of Quirpon Island, to a northwesterly dip i n 

this region. 

Jacques Cartier Island · 

The -liaiden Point Formation is also exposed i,n 
;I 
an 

/ 

incomplete large scale fold section on Jacques Cartier 

Island where it is in structural contact _with the Goose 

Tic k l e F or m a t 1 on on the w e s t c o a s t. AI on g t h e n or t h e a s t 

coast beds are overturned to the west and southwest and dip 

steeply east and northeast at about 60° (Fig. 15f, facing 
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p.127 ). They are cut by S2 which strikes to the nort.h­

northeast, indicating that these lie on the eastern limb of 

a northwestward-closing synclinal structure. On the west 

side of the island and~west of the large body of pillow 

lavas, adjacent to the contact with the Goose T i ckle 

Formation, some beds are right way up and di p at about 60° 

east-southeast. S2 dips steeply eastwards i ndicat i ng that 

beds here form the corresponding western limb of the 

syncline. The fold axis plunges steeply east at about 65° 

and is a reclined southeast-facing structure, the core of 

which is occupied by the pillow lava (Fig. 17). 

A comparison ·of the cross section derived from these 

data differs from an interpretation of the same section 

given by Jamieson (1979) (Figs. 17 & 18). Jamieson (1979 ) 

interprets the Maiden Point Formation on Jacques Cartier 

Island as an overturned large scale thrust nappe resting 

above the Goose Tickle Formation ·on a sub-horizontal basal 

thru5t which extends ea5t to Quirpon Island. (Fig. 18). The 

author's interpretation is different in that the Maiden 

Point Formation has been shown to represent a large scale 

reclined fold, and the thrust dips steeply east. Although 

Daly ' s (1903) cross-section of Jacques Cartier Island 

offers no structural interpretation it is included for 

comparison (Fig. 1 9). 
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Figure 17 ... 
Geology of Jacque..s Cartier Island ) 
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Figure 1 8 

" Geology of Jacques Cartier Island, after Ja~ieson 
( 197 9) 

.. 

; ' 

L 



JACQUES 
CARTIER 
IS. 

/ 

ST ANTHONY COMPLEX 

fh1 GREEN RIDGE 
·~AMPHIBOLITE 

r,::;A GOOSE COVE 
· l!:.d SCHIST 

MAIDEN PO.INT FORM AT ION 

~~1:'~ VOLCANICS 1:;·:1 SEDIMENTS 

~ ~· . ·-- ........ "-
GOOSE TICKLE FORMATION [] 

.. 

N 

~!I~~--~-~--££Bm ... N.i·~·£~£·£~W&~-.a~ .... l.iC~. J·A·G~CWAJ~i2MAN . ... ,~.\~----------------

" f 
t 

' ~ 

I 
t 
t . 

l 
i 
I 
! 

I 
l 
t 
I 
! 

---~--



) 

l 

Figu.re 19 -

Cross-section through the north end of Jacques 
Cartier Island, aft-er Daly ( 1903) 
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Regional F2 fold geometry 

. 
Though there is some degree of variability in fold 

axis plunge, all. the F2 folds described above lie on the 

northwestern limb of a major east to southeasterly-plunging 

p a r t i a 11 y r e c li n e d t o u p r i g h .t s y n c li n or i a 1 s t r u c t u r e 

(Fig. 16, facing p.131 ). 

F3 and S3 

F3 ·folds are observed south of Alun Point in a 

(ultramafic?) talc/pyrophyllite pod. Th~ folds are very 

open, small scale and similar in style and affect S2. It is 

possible that these folds m~y be related to F2, but because 

of the effects of the unique lithology in which they are 

developed t~ey do not carry an axial plane foliation and 

the style and scale may differ from other F2 folds. 

~tereographic projection of the folded cleavage reveals 

that the fold a~es plunge due east at 65° which is similar 

to F2 fold axis plunges (Fig. 15a, facing p.1l7 ). 

A sparsely developed cleavage (53) is observed only in 

the shale matrix lithology of the Degrat Harbour 

intraformational melange. S3 has the .morphology of a 

fracture cleavage, and is defined by thin (few mm), spaced 

fracture-like planes separating· microlithons WhiCh ShOW a 

straight internal fabric. S3 is not seen as a crenulation 

cleavage unlike S3 in the Goo.:se1·Tickle Formation (.see 
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above). The ortentat.ion of S3 is not known because of 

inadequate outcrop. 
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Goose Cove Schist 

Actinolite schists 

Introduction 

The Goose Cove Schist consists predominantly , of a 

monotonously-appearing green actinolite schist which, 

however, shows evidence of a complex polyphase deformation 

hi story. Though no mesoscopic structures are observed the 

deformation history can be derived from field analysis of 

small scale ·structure:s and from microscopic .scale 

structures identified from thin section a naly sis. Because 

of structural complexities a special structural 

nomenclature has been developed and is given below; 

Foliations 

St 

S2 

S3 & Sll 

porphy r ocl a st s folds deformation phase 

Actt 1 

Act2 Ft 2 

\ F2 3 

Sl foliation, S2 foliation and Fl folds 

In the green:schists a penetrative schistosity 

(referred to as S2) is defined by a preferred dimensional 

orientation of fine-grained synkinematically-grown 

a c t 1 n o 11 t e g r a i n s. I t c a n be s h ow n i n t h 1 n s e c t i on t h a t 

1!40 
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these grains represent neoblasts (referred to as Act 2) 

derived ' fr6m recrystallization of considerably coarser­

graine~, optically strained metamorphic amphiboles. 

occurring now ··as relict porphyroclast~ (referred to as Act 

1) which defined a pre-existing planar fabric (referred to 

as S 1 ). Foi ds r,el a ted to S 1 are not found. S 1 1 s affected 

by rare small and microscopic scale · tight to isoclinal 

similar style folds (referred to as F1) which lie in the 

plane of S2 (see Plates 40 & 41). 

S 1 is defined as a ' fine-scale composi tiona! layering 

formed from a 1 tern a t i n g l a y e r .s of 1 e u co c r at i c and 

melanocratic material and may be the remnant of an early 

amphibole foliation: The melanocratic layers _contain 

porphyroclasts of metamorphic amphibole (Act 1), S1 has 

been almost completely tr~nsposed into the plane of the 

r e g i on a 1 s c h i s to s 1 t y , S 2, a n d i s..... p r e s e r v e d on 1 y 1 n r e 11 c 't 

Fl fold hinge domains. F1 folds were identified. in the 

field from one outcrop on Grands Galets Head where a single 

small scale rootless fold was seen (Plate 40) ; They have 

been identified elsewhere on a microscopic scale from thin 

section analysis. 

In summary, an original compositional layering (51) 

can be defined. S1 is affected by F1 folds which are thus 

second generation structures. 

1 41 
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Plate 40 

Small scale intrafolial rl fold affecting an 
earlier foliation, S1. F1 fold lies parallel 
to the-main foliation S2. These folds are 
extremely rare. Goose Cove Schist, Grands 
Gal:ets Head 
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Plate 41 

Photomicrograph of isoclinal Fl microfold 
cut by S3 crenulations in the hinge zone of 
an F2 fold, Goose rC.ove Schi·st (crossed 
polars). (Specimen #20-8-2) 
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Crenulation (S3) and mineral lineation (L3) 

. In both .the actinolite schists ~nd metagabbf\os, S2 is 

c u t b y a p e r v a s 1 v. e b u t w e a ~1 y d e v e 1 o p e d n o n - f i s s 1 1 e 

crenulation S3, which has an associated intersection 

c r e n u 1 a t 1 on 1 i n e a t i o n , L 3 a., t h a t 1 s d e v e 1 o p e d o n S 2 

surfaces. S3 is not observed in the field except where L3a 

i s . de v e 1 oped on so m e S 2 sur face s. In t h in sect i on the 

microscopic S3 crenulations have very small amplitudes a nd 

wavelengths of about 0.5mm with v·ery round hinge zones. The 

• • axial traces ar; commonly at high angles to S2. L't'"ge scale 

folds that. can ·be associated with this crenulation are not 

seen. In the coarser-grained metagabbros a well developed 

mineral lineation, L3, is orientated parallel to L3a 'and is 

developed by the preferred dimensional orientation of 

actinolite grains in the .S2 plane. Though not seen in 

associati.Pn it is likely that L3a and L3 are related but 

th'at differences in grain size between the actinolite 

schists and the metagabbros have influenced the development 

of different L-fabrics. 

F2 folds 

S2 is affected. by F2 ·folds }ofhlch range from 1-10cm in 
. .:: 

wavelength (Plate 42) and va·ry morphologically f rom close 
. . .· .. ..: \ 

to tight. They may be diaharmonic in style with no apparent 

consistency in orientat~on ·or axial surfaces and axes-, __ or i n 
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Plate 42 

Small scale non-.sy111metric F2 folds which 
affect the main foliation, , S2. The 
ctenulatiori · Ss and.the F2 axial planar 
·foliation S4 are not present il'l ·. this 
locality. Goose Cove Schist, south Grands 
Galets Bay 
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sense of asymmetry, to less common. asymmetric folds with 

northwesterly-closing hingeL An axi~l planar chevron-style 

crenulation with angu~ar hinge doma~ns, S4, is developed in 

lliOSt of the F2 fold hinge zones but 1 s not found elsewhere 

(Plate. 43). An intersection crenulation lfneation, L4a, is 
' .· 

- sometimes associated with S4 and is sub-parallel to the F2 

f o 1 d a x e s. when observed tog e the r S 3 and S 4 are. a 1 w.a y s 

inclined to one another • . 

It is not clear that S3 is older than S4 because 

definitive overprinting relationships are not seen. Plate 

44 :~how 8 the rel ati6nshi p between S3 (small crenulations) 

and S4 (large crenulations) in a small scale F2 hinge zone. 

S3 is developed preferentially pn one limb (left of S4 

axial surf~c~ in ~late 44) of the F2 f~ld apd is associated 
. 

with the S4 crenulations but is not developed on the other. 

This relationship is found w h e r e v e r S 3 a n d S-4 a r e 

associated. In these instances it is likely that S3 and S4 

are conjugate kink sets (Hobbs. _ej; .a.l., 1976) and can thus 

be related _to th.e same phase of deformation. The strong 

finely developed schistosity and fine grain size of the 

actinolite schists make a good medium .. for the development 

of conjugate kink sets (Hobbs .Jtt ,il., 1 976). 
" 

Plate 26a (facing p • .. ) shd<,s a .syntectonic almandine 

garnet porphyroblast that ha~ overprinted an early 

foliation, probably Sl. The garnet has been rotateq, as 

have others which show similar rotational internal fabrics, . ' 
in an ant1clockw1se dfrection in respons~ to l ocalized • 
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Plate 43 

Small scale asymmetric F2 fold~ affecting 
the main foliation, S2. The axial planar 
foliation, S4, is discernable in the hinge 
zones of the folds. Goose Cove s·chist, 
south Grand~ Galets Bay 
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Plate 44 

Photomicrograph of S3 (smaller amplitude)­
and S4 (right of picture) conjugate 
crenulations. S3 is developed as a wavy 
crenulation of . S2 1 and has 
characteristically rounded hinges. S3 is 
always observed at high angles to S2. Goose 
Cove Schist (crossed polars.) (Specimen 19-
8-1) 
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·shear along foliation planes dl;;lring growth. The rootless 

isoclinal fold adjacent ... to the garnet does not appear to be 

related to .garnet growth and rotation because the sense of 

rotation has produced an S-shaped fabric of the inclusion 

t r a 11 ( P 1 a t e ~ a, facing p. 6 '7 ) • I t i s p o s si b 1 e that t h is 

may be an fl fold related to the development of S2, It is 

not known what relative ages the garnet and the fold have 

with respect to each other though both are clearly post-S 1. 

The hinge domain of the fold, like the garnet, preserves 

the original Sl foliation. The fold closure is not 

continuous along the fold trace indicating that the 

remainder of the original Sl f~liation in the hinge zone 

has been completely rotated and transposed into the S2 

plane • 

. Orientation data 

Stereographic examination of the orientations of fold 

axes and axial planes reveals an overall preferred 

orientation. F2 fold axes have plunges that lie on a great 
' ' 

circle which dips east-southeast at about 55° and contains 

two point concentrations, one horiz6ntal and one steeply . 
'" southeast plunging which belong to two different domains . 

within the Goose Cove Schist (Figs. 20a & b). This 

d i s t r i b u t 1 on m a y i n d i c a t e/ t h a t t w o f o 1 d p o p u 1 a t ion s 

repre senting different g~neration5_ .can be di~tinguished but 
., ' 

t'his cannot be proven from field evidence. South of Grands 
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, Figure 20 

Structural stereonets for the Goose Cove Schist 
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G a 1 e t s B a y , F 2 f o 1 d a x e s a r e m o :s t ly s u b - h o r i z ~n t a 1 , 

trending north-northeast - south-southw'est {Fig. 20a). The 
../ --

axial planes of tpese folds have a very shallow ea-stward 

dip at a~ ·15°, though there is considerable variation in 

the attitudes of some planes (Fig • . 20b & c). This 

coincides well with the similarly orientated L3 mineral 

lineation in the met~gabbros in Grands Galets Cove (fig. 

20d). 

L3 has been shown to correlate with L3~, and S3 and S4 

have also been shown to be related as po~sible conju~ate 

kinks. Becau..e St i.' axia! planar to the F2 fold set which 

affects 52 then this group of structures may correlate with 
~ ' 

a s 1 n g 1 e phase of deform at i on. In d rands Gal e t s Bay , f o 1 d 
r 

axes 'generally plunge so)Jthea"'st at about 50° (Fig. 20b) • . 

Axial plane attitudes are variable striking from east-.west 

to nor~h-northeast - south-southwest and with easterly <;Sips 

between 50° and 70° (Figs. 20a, b i c). 

Fold hinges measured on Grands Galets Head have 

variable plunges which lie on a great, circle which dips 

east-southeast at about 55° (Fig. 20c). No axial plane 

data are available for these folds. 

Though S2 is" affecte' by small scale F2 folds these · 

ot fund in conjunction with larger scale structures. 

However, the data from measured S2 do show the ex1 stance -of 

a large scale fold structure 11'1 the area south of Grands 

Galets Bay, west of Whale Point. Here S2 dips towards the 

nor~thwest becoming sub-horizontal westwards and finally 
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returning to a moderate southeasterly dip characteristic of 

S2 elsewhere (Fig. 20e). This variation indicates the 

presence of a large scale open synformal structure in this 

region with a sub-horizontal to slightly northeastwards-

d i p ping ax i s that t r ends north e a s t- southwest ( F 1 g. 2 0 e, 

facing p. ). This synform .also affects the· contact 

be tween the Goo s,e Co v e S chi s t and t h ~ M a i den Point S 1 ice 

and is therefore of pos.t•emplacement age. There is strong 

correlation between or'ientation.s of small scale F2 fold 

axes in this region with the orientation of .this large 

J;i scale fold structure (Figs. 20a & e, fac'ing p.150). Th~ 

asymmetry and sense of overturning of the eastern limb are 

also similar. On this basis it is concluded t hat the large 

scale structure is an F2 fold and that therefore; the small 
·, 

scale F2 folds and their associated structures (S3, S4, ; 

L3a, LL!a and L3) are of post-emplac~;nent age. 

The crenulation lineation, L3a, associated with S3 on 

S2 surfaces, has a variable plunge concentrating·in a great 
. . 

circle that trends north-northea.st - south-so , 

dips east-southeast between about 20° and 55° 20d & 

· e, facing p.150 ). 

Meta gabbros · , 
<. 
\ 

-·-...... -- J 
S2 erved in the metagabbros as a coarser, non-fissile 

defined by diffe~entiated layering of coarse­

rnblende/actinolite porphyroclasts (Act 1) with 
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fine-grained r e cry s t a lli z e d actin o 1 i t e ( A c t 2) an d. 

sericitized plagioclase. A mineral· lJineation, L3, is 

associated with S2. The lineation is defined by a preferred 

dimensional orientatio-n of the Act amphibole 

p or ph y roc 1 as t s. Sec t i on s norm a 1 to S 2 a n d L 3 s h ow a few 

crystals of .acicular actinolite (Act 2) in association with 

the large porphyroclasts, but in sections normal to S2 and 

parallel to L3, acicular grains are more numerous and are 

seen linking the porphyroclasts in actinolite-rich bands. 

L3 may also be defined by preferred dimensional and 
t 

c·ry stallographic alignment of finely crystalline euhedral 

clinozoisite neoblasts orien~d with b-axes parallel to the 
'· 

actinolite lineation. L3 (Plate 45). One section examined 

carried an indistinct crenulation of S2, which may be 

equivalent to S3 or S4 in the actinolite schists. This is 

defined as a preferred dim;h;:ional orientation of . 

actinolite neoblasts (Plate. 46). · 

Orientation data · 

The actinolite mineral "lineation, L3, in the 

metagabbros shows a concentration of points plunging to the 

southeast (Fig. 20d, facing p.150 ). Heasurem ents from 

south of Grands Galets He~d also show a concentration to 

the southeast but with some wide ~catter (Fi ·g. 20e, fac i ng 

p.15D >. All but two of these measurements were taken from 

the large metagabbro body exposed along Grands Galets Bay. 

·---
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• Plate 45a 

Slab of Goose Cove Schist metagabbro cut 
.normal to the main foliation, S2, and 
nt5rmal to th·e mineral lineation, L3 • . S2 is 
poorly developed in this section. L3 is 
defined by the preferred dimensional 
orientation of actinolite neoblast s and the 
preferred dimensional and cry stallograph1c 
orientation of clinozoi site. Scale · is 4 em 
long. (Specimen #31-7-5) 

Plate- 45 b 

S am e s p e c 1 m e n a s. a b o v e b u t s e c t i o n c u t 
normal ·to S2 and parallel to L3, S2 
w e 11 de v e 1 ope d 1 n t h 1 s s e c t i on. S c a 1 e i s 4 
em long. (~pee 1m en 131-7 - 5)· 
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Plate 46a 

Photomicrograph of Goose Cove Schist 
metagabbro cut parallel to L3 and 
normal to S2 (L-R). Long axes. ·and 
crystallographic b-axes of clinozoisite 
neoblasts (blue) lie parallel to the plane 
of the photograph. Clinozoisite and 
acicular actinolite (yellow/brown) lie in a 
fine grained serici tized plagioclase matrix 
(crossed polars). (Specimen #31-7-2a) 

Plate 46b 

Photomicrograph of same specimen as above 
but cut normal to L3 and normal to S2 (left­
right). Note clinozoisite has no shape 
fabric and interference colours are mostly 
yellow (b-axe.s normal to plane of 
photograph). · Note also large strained Act 1 
actinolite porphyroblasts. · Act2 links Act1 
only in the L3 dir.ection and thus does not 
appear here (cross.ed polars) (Specimen · #31- · 
7-2b) 
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A ·few readings taken froin Grands Galets· Head show variable 

orientations with · a · very minor concentratio·n of points 

plufiging steeply south. S2 has _been affected by a ~parse 

and weakly developed crenulation cleavage which may be 

either S3 or S4. -

Hetasedimer:its 

·. 

Pr~tolith. heterogenelty is reflected by the 

velopment of S2 as an undulose non-fissile cleavage. The 

r 1 1 e s t f o 1 d s t r u c t u r e s -a r e n u m e r o u s d i s h a r m on i c s m a 11 

scale similar style folds which affect- the cleavage and are 

seen in the grey marbles around Grands Galets Head and at 

Clous Cove. These characteristics are similar to the F2 

folds seeh in the actinolite schists with which they are 

tentatively correlated. Unfortunately it was 4f'l·ot possible 

to measure foid orientations. No large or mesoscopic scale 

structures exist that can be correlated with the folds. 

Although 's3, L3a, L3 and S4 are associated with F2 folds in 
~ . 

the actinolite schists they do not occur in the 

metasediments. · 

There is no evidence of earlier structures that can be 

correlated with the ea_rly foliation (S1) or . Fl folds. This 

may be a function of eradication of earlier structures by 

complete transposition of these i nto the s2· plan~ and by 

·. recrystallization of the calcareous groundmas:s (see Chapter 

3). 
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CHAPTER 7 

METAMORPHISM 

In troducn on 

This chapter will deal with the ,metamorphic histories 

·or each unit and rocks are placed into metamorphic zones 

accor.ding to Winkler's (1974) class1fi6ation. Because 

sandstones are of little use in defining metamorphic grade, 

microstructural evidence from them will be discussed in 

relation to the metamo~phic regime. during which these 

structures develoeed. ,The metamorphic history is 0 

summarized in Figure 21~ 

White Islands Formation 

Deformation of the sub-arkosic sandstones has caused 

" the rec.ryst._llization of smalier quartz (and feldspar?) 

grains to form a fine-grained matrix with a developing foam -
texture. The clay minerals have been altered to fine-

grained sericite which defines the foliation, S1. Thin, 

narrowly-spaced pa tallel layers of sericite restrict grain 

boundary migration in tn,e matrix quartz. This has caused a 

·poorly developed preferred dimensional orientation of the 

quartz particularly in the pressure shadows of the 

~andstone grains where it forms digitate-like structure~ 
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,Figure 21 

Metamorphic history of the Quirpon area 
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Goose Tickle Formation 

' 
The .. characteristic paragenesis of the pelitic fraction 

• of the greywackes is granoblastic "dirty" calcite with 

interstitial minor chlorite and felict q uartz ' which is 

associated with dispersed anhedral crystals of 

stilpnomelane~ The matrix paragenesis of the sandstones is 
' 

the same but,.. the calcite is anhedral and some of the 

feldspar grai1;1s are altered to fine-grained sericite with 

min or sttl pnomel an e. 

StilpnomelAne is the index mineral of the a;:~semblage 

and d~vel~· approximately the, same conditions as 

pyrophillite and paragonite in other parageneses from other 

metamorphic terranes (Winkler, 1 97li) which places the Goose 

Ti~kle Formation within the · very-low-grade zone of the sub-

greenschist facies. This paragenesis appears to have 

d.eve.loped post-tes:tonically b.ecause the granoblastic 

texture of the metamorphic minerals partial,ly overprints 

the tectonic fabric. During deformation the sheet silicate 

minerals in the clay frac~ion were rotated into sub-

parallelism to fofm the main cleavage, S2. S2 is poorly .. 
developed in the sandstones as a fracture cleavage, the 

clay minerals iefracting around ~onstituent grains • 
. 

Pressure solution occurred in the s~ndstones during . .--J 
deformation and grains are seen in co~tact associated with 

thin wh(spy lenses of opaque materi~l oriented parallel to 

the fol1at1 on. 
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Maiden Point Formation 

Pillow- lavas 

The characteristic paragenesis of the devitrified 

matrix of the pillow lavas consists of actinolite, chlorite 

(largely penninite) and hornblende with rare cores of 

piemontite, much sphene, clinozoisite (which is usually 

c~ncentrated in subhedral . mass~s in discrete pockets), 

carbonate, minor green biotite and rare zoisi te. Amygdales ... 

are filled with radial and commonly deformed calcite with 

chlorite. The . variolitic structu'res rgenerally contain 
1 

variable paragenese.s of quartz,· chlorite, clinozoisi -te, 

carbonate and minor sphe'ne. The massive flows have similar 

parageneses but small phenocrysts of .auii.te are seen 

altered to actinolit-e and chlorite. These are commonly 

rimmed by brown/green/colourless hornblende and actinolite, 

similar to the · altered pyroxenes in the gabbros. These 

·assemblages place the rocks in the low-grade zone 

(greenschis~ facies) and. the coexistance of metamofphic 

hornblende with actinolite indicates a temperature around 

5 0 0 ° C ( W i n k 1 e r , 1 97 4 ) • The preponderance of sphene is 
.\ 

.indicative of the high Ti·-content of the bas·arts which is 

presumably contained in ilmenite. The parageneses do not 

carry a teqtonic fabric th•t can be related to the ma i n , 
cleavage, S2, and ·metamorphism is thus assigned a syn- to 

post-S2/F2 age. 
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Gabbros .. x J 

~The characteristic mineral assemblage of the gabbros 

is the association of clinopyroxene and kaersutite but , with 
·-

considerable variation in proportions of each. The 

' amphibole is often rimmed by, or has cores of a deep bl1,1e.: . · • , . t· 

green · amphibole associa,ted with later overg:·E~~ of 
~ 9 ' • 

c o 1 o u r 1 e s s a m ph i b o 1 e. J am i e s on ( 1 97 7 ) i n e x am 1 n i. !1 g th-e 

similar Partridge Point gabbro at ~t. Anthony found ' 

dioritic pockets within kaersutite phenocrysbs and thus 

considered both the amphibole and clinopyroxene to be 

magmatic in origi~ 

Hetam?rphism has caused minor but pervasive alteration 

of plagioclase (An 28-32) to clinozoisite ~nd sericite, 

minor calcite and stilpnomelane and small amounts of 

chlorite. The skeletal opaques (probably ilmenite) have 

a'll been replaced by leucoxene/sphene. The amphiboles and 

cl1nopyroxene have undergone~pervasive but relatively minor .. 
alteration to chlorite (penninite). Thus the associatio.n 

clinozoi.site + .sericite + calcite + chlorite (in 

plagioclase) and chlorite (in "'amphibol,IS and clinopyroxene) 

cha.racterizes,.-the metamorphic minerals of . the gabbros 

placi·ng them in the low-grade-zone (greenschist facies). . . 
The age of 'metamorphism appears to be syn- t~ po~t-tectonic 

0 

tlecause of .the absence of metamorphic fabrics and because 
.· ( . 

field relationships suggest this age of intrusion (see 

Chapter 3). 
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Sandstones . 

ChlOrite and lesser sericite form the major 

intergranular metamorphic minerals in the .sandstones and 

also define the foliation'- S2. D~formation and very low 

grade metamorphism of the matrix clay minerals wer~ thus 

apparently contemporaneous. Post-tectonic intrusion of the 

north Pigeon Point gabbro caused extensive but minor 

a 1 t e r at 1 on 1 n t h e ad J a c e n ~ sa n d .s t on e .s. H e r e c h 1 or i t e a n d 

sericite have been . recrystallized .into delicate radially.:. 

grouped needles of stilpnom el ane. 

Minor pressure solution.~ caus_es _the development of 

embayed contacts where grains touch. Minor strain in the 

quartz is associated with this and subgrains may be seen 

developing · at·· the points of contact • 

Goose Cove Schist 

Actinolite Schists 

Protolithic miner.als have been completely altered 

during metamorphism (/f the _schists. Actinolite is the 

· dominant phase and occurs as early-formed pale green/blue 
-

porphyroclasts (Act 1), that commonly show undulose 
~ \ 

extinction and subgrairi formation and contain "diP"'ty" 

inclusions. Act 1 porphyroclasts are uncom!IQn and are set 

~in. a matri.x_, of very fin"e-grain~d actinolite \Act ·2), which 
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defines a strong S-fabric, S2. 

Actinolite is finely interbanded with sericitized 

plagioclase with clinozoisite/epidote, lesser quartz and 

chlorite and minor muscovite. Fine-grained opaQues with 

sphene alteration rims are scattered throughout the r.ock. 

The long axes of these grains lie within the plane bf Sl~ 

The actinolite does not appear to be strained in the . hinge 
~ 

zones of either the S3 or S4 crenulations but this could be 

due. to late stage recrystallization or crystalline recovery 

processes. 

This mineral assemblllge is characteristi.c of 

greenschists derived from mafic rocks (Winkler, 1 97 11) and 
I 

fall:! in the (albi te)-actinolite-chlorite zone in the -. low 
'­

temperature part of the low grade · zone. The absence of 
f 

plagioclase (albite?) is probably due to minor late stage 

retrogression to sericite. 

:Early growth of syntectonic1almandine garnets in minor 

, ' actinoiite/quar.tz/garnet schist bands overprint S1, and in 
. ~ , . 

places conta~n S-shaped inclusion trails (see Chapte.r 3). 

The garnets, which are indicators of increased pressure 

( W 1 n k 1 e r, 1 97 4) , may in d ·i c a t e a pea k 1 n press u r e d u r i n g 
.. 

greenschist facies metamorphism as Sl was developing, and "4., 
may be related to increased burial depth during stacking of 

the allochthonous slices prior to final emplacement. 
, 

• 
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Meta gabbros. 

Act 1 porphyroclasts are numerous and well .developed 

in the . metagabbros. They occur ;/,3 large (up to 0.5cm) 

single, and less commonly polycrystalline colourless/pale. 

green crystals. They are characteristically filled with 

"dusty" inclusions which may be so !)Umerous as to make the 
( ' 

p or ph y roc 1 as t s appear brown. Act 2 act 1 n ci 11 t e 1 s fine 

grained and defines S2. This second period of actinolite 
-

growth isrelated to dynamic recrystallization of Act 1 

during F1 folding. The actinolite is interbanded wi~h 

·s e r i _c 1 t 1 zed · f e 1 d s· p a r ( p 1 a g 1 o c 1 a s e a n d m 1 c r o per t h 1 t e 

occasionally recognizable), ' clinozoi s1 te and sphene. 

The mineral assemblage is similar to that of the 

actinolite schists and the metagabbros thus also fall in 

the sam·e low grade albite-actinolite-chlorite ·zone of the 

greenschist facies. Parti81 sericitiz'ation of the· 

feldsfars likewise appears to be.· a late stage retrogressive 

feature. 

A similar metamorphic history to the actinolite 

schists is suggested by the growth of early Act ·1 
• 

porphyroclasts followed by later recrystallization to form 

' Act 2 actinolite which defines S2 in both 11 thologies. 

< 
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Summary . of metamorphic and :structural hi~tory 

' 
A three-Phase 'metamorphic and structural history can 

( 

be defined in ·the Goose c·ove Schist (Fig: 21, facing p.168). 

· ouring the first phase (prograde?) greenschist . facies 

1 cqndi ti. ons caused almost complete re<:ry stalliza tion of •an 
. . . . . 

ear i y . (or i g i n a 1?) m 1 n e r a 1 a sse m b 1 age to c ~a r s e-g r a in e d 

greenschists (Fig. 21, facing p.158). This. is seen from the 

existence of relict Act 1 porphyrqblast.s found in both the 

a c t i no 11 t e s c h 18 t 8 a n d m e t a g a b b r o s, . T h i s w a s p r o b a b 1 y 

contemporaneous with the· develo'pment of the earliest 

recognizable tectoni .c__foliation, · S1, now preserved in 

microscopic and small scale Fl. fold hinge dom.ains. During 

the development of S1, growth of syntector:Jic almandine 

garn·ets was also occurring and' may indicate a peak in 

pressure during stacking · of th~ allochthonous slices pl"'ior 

to final emplacemei)t. 

During the second phase S1 was affected by F1 folds 
t' 

and the de~elopment Qf the n~nt S2 fabric was 

initiated (fig. 21, facing p.15S). This phase · ,::oincid'es 
. . 

with a reduction in grain size from . a second period of 

recryftalllzatlon ~n the actinolite schists and 

metagabbbro~. This caused the eradicat'ion of Act 1 and 

generated the Act 2 aet1nolite which defines S2 • . This phase 

of ruetamor.phfsm .and def';,rmat·o~ was proba~ly prolonged an d 

intense be.cause no m.esoscopic or large ,scale pre-S.2 _, 

structures are seen. 

I. 

16 5. 

-7 

I 
I 



/ . 

/ 

\ 

The third phase is characterized by wa~ing greenschist 

facies metamorphism and the development of a suite of small 
., f I • • 

•J 

scaie structures which include F2 folds and associated 

conjugate crenulations (S3 and S4) in the actinolite 
"7 

schists. and a mineral lineation (L3) in the. metagabJ:>ros, 
" 

all of which are of pest-F2 age (see Chapter 6). This final 

phase of metamorphism is post-emplacement in age because 

the F2 folds are· correlated with the . folded contact between 

the Goose Cove Schist and Maiden Point Formation (see 

Chapter 6). 

GEOCHEMISTRY 

· Introduction 

SaPlples of Maiden Point gabbro and Goose Cove Schist 

-metagabbro were an'alyzed · 'ror major and trace element 

content. The Maiden Point pillow . lavas were not sampled 
~ 

because Jamieson ( 1 97 9) has analyzed these. The purpose of . 
a n.a 1 y z 1 n g sam p 1 e s i s to deter m in e 1 f there is a gene tic 

lirik between the Goose Cove metagabbros, .the Maiden Point . ; 
gab b r o s a n d t h e a s soc i ate d p ill ow 1 a v a s. I t w a s e .J p e c ted 

that there might be no link between the gabbros and the 

basalts si~ce the former appear to be intruded in~o the 
. . 

Maiden Point syn-to rost-tectonic~liy. Also, no feeder 
( 
~ . 

d y k e s w e r e s e e ri co n n ~ c t 1 n g the g a b b r o s t o t h e b a ~a 1 t s. 

Jamieson (1 977) how ever, suggested a link between the 

, 
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.. 
gabbros and pillo_w lavas on petrographic and geochemical 

evi_dence tho~gh noting field-e.-vidence similar to that 

obser~ed on Quirpon I~land. 

Cha~acteristic assbci~tions ~f majpr and trace 

elements can be used to classify · volcanic rocks. However, 

_because many of the eJ:ements are mobile duril'lg metamorphism 

only those ~hich are .known to be immobile {mostly trace 

elements) are used here (e.g. Winchester & Floyd, 1976; 

Jenner · & Fry, 1 9 80). · Sever a 1 types of p 1 o t s were used to 
r 

present the ~ata but only those which show significant 

trends are presented here. 

Discrimination diagrams 

It was found that the Zr/Y ratio was constant in both 

gabbros and · metagabbros so this was plotted against 

elements that . vari~d in ab·undance. Thus Zr/Y-Cr (Fig. 22) 

and· .Zr/Y-V (Fig. 23) show two distinct parallel non-

convergent trends. Cr is lost easily during . fractionation, 

and together w{th V is usu~lly concentrated in an oxide 

phase (presumably ilmenite in gabbros), thus both show good 

f r a c ti on a t i on t r e n d s. !102-V was also plotted to show 

parallel but distinct fractionation trends (Fig. 24). It 

should be noted that the gabbros are unusually rich J,n Ti 

which may be held in the amphiboles (probably kaersutite). 

167 • j
1 

. 

_i 



Figure 22 

Z r/Y -Cr discrimination diagram 
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Figure 23 

Zr/Y-V di8crimination diagram· 
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F~ure 211 

Ti02-V discrimination diagram 
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Triangular Diagrams 

Separ'ate tren~ are well shown in the Sr/0.5-Zr-YX3 

diagram (Fig. 25) where a strong divergence away from Sr is 
·:' ' 

marked. Sr is a fractionation index element being taken up 

_by plagioclase. The data were also plotted on a Ti/100-Zr­

YX3 (Fig. 26) diagram. These elements do not show 
I 

fractionation trends and the points · cluster in two distinct 

groups. The gabbros, except for two points~ all fall 
i . . 

inside the "w~thin-plate• field whereas the metagabbros 

fall mostly· outside the "low potassium tholeiite" field. 

An AFM diagram is given in Figure 27 and shows a 

characteristic calc-al~ali trend in the gabb~os, but the 

metagabbros tend to cluster centraily. This latter 

observation may reflect homogenization of the metagabbros 

during prolonged metamorphism. 

Discussion 

The ~iagrams show distin~t and separate fractionation 
\ 

trends and 'the T1/100-Zr-YX3 diagram (Fig. 26) place the 

t w o groups 1 n s epa rate genet i c reg i m e s. It can be 

concluded from these distinctions that the Halden Point 
. . 

gabbros and the Goose Cove metagabbros originated from ...... .. 
different.p~rent magmas and are not geochemically related. 

17 1 

·- J 

I - e 

' 

.i; 
! 

: . 



t . 

Figure 25 

Sr/0.5-Zr-Yx3 triangular diagram 
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F1 gure 26 

11/ 100-Yx3-Zr triangular diagram 
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CHAPTER 8 

STRUCTURAL INTERPRETATIOk · 

Introduction 

This sec~ion deals with the problems of structural 
---·-·· 

cor r e 1 a t 1 on w i t h i n ~- a n d be t w e en t h e aut o c h tho no us and 

allochthonous· units in the Quirpon area. The structure of 

each unit is treated sepa_rately and finally tt:te correlated 

structures are relat-ed to the possible tectonic ev.ents that 

generated them. 

The 'problems of structural correl~tion have been 

.• ~ddressed in detail by Park (1 97 9) and Williams ( 1970) who 

warn of the dangers in using fol,d style as well as 

orientation patterns as criteria for distinguishing 

separat~· generations of structures,- and hence deformation 

events. 0'(.erprinting criteria are of fundamental importance 

when distinguishing relative age sequences of deformation, 

but even so caution must be exercised when defining . · 

deformation periods be~ause structural overprinting can 

occur during a :single distinct period ·or progres_sive 

deformation. Where overprinting criteria are lacking then 

folds have · been grouped together ba~ed on style an( are 

· referred to as style groups rather than as generations 

(W~lliams, · 1 970). _Therefore a.,y correlation between 

deformational events which are recorded within each of the 
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structural slices in the Quirpon area and which occurred 

prior· to juxtaposition of the slices can be made on the 

grounds of similarity · in structural style and orientation 

data. Post-emplacement structures should, however, be 

developed in all structural slices so that overprinting 

criteria can be. used. This may be viewed together with 

evidence that 11ay indicate a similar conte~poraneous 

metamorphic history. 

Deformational histories of individual units ·"-' 

White Islands Formation 

Correlation of the structures developed in the White 

Islands Formation with those developed in the various un1 ts 

on Quirpon Island can only be made on the basis of 

orientation and structural style since there is no · ezposed 
... 

contact with these units. The geometry and orientation of 

the inferred large scale F1 fold of · the White Islands 

Formation correspohd closely to the large scale F2 

structures observ~d in the Goose Tickle and Maiden Point 

formations.· Since no meso scopic Ft folds are seen in the · 

White Islands Formation similarities in style cannot be 

compared. However , the axial .planar cleavages of both fold 

sets are similarly orientatjed, ~lipping steeply east-

.southeast though it is more intensely developed in the 
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White Islands formation. Thus it is possible that 

deformation in the White Islands F6rmat1on is correlative 

with the same deformation that generated F2 structures on 

Quirpon Island. 

' Goose Tickle Formation 

Fl folds 

the ~oose ' Tickle Formation in the Qui~pon area 

displays, internal structural .compl-exities. It has been 

shown that early tight to isoclinal F1 fold..s can be 

inferred on the basis of reversals in younging directions 

of the rocks with respect to S2 in the Gr-andmothers Cove 

inlier (Fig. 11, facing ~-113>. A refolded F1 fold pinge is 

almost completely exposed on rock D) of the Islets (Fig. 

10, facing p. ) and a minor hinge was observed on The 

Whale (Plate 30, facing p.~O) (see · Chapter 6). The 

deformation associated with F1 .did not produce a tectonic 

fa b r i c · 1 n t h e form of an a xi a 1 plane f o 11 at 1 on. E v 1 den c e 

for F1 structures elsewhere on Quirpon Island is ambiguous 

because all . the remaining exposures are adjacent to the 

Maiden Point Formation where beds · have been severelJ 

reworked by the effects of thrusting. I .t is not possi ble in 

these localities to distinguish be.tween modified F1 

structures or new F2 folds. 
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F2 fold:s 

There is no evidence of early isoclinal folds within 

th~ Goose Tickle Formation exposed on the mainland between 

Point V~rt and Chain Rock and elsewhere in Quirpon harbour 

which could be correlated wit~ F1 folds on Quirpon Island 

(Fi~. 13, facing p.119). T?t....rocks. here are considered to 

have suffered one phase of deformation producing one ~et of 

folds, F2, and a.n associated axial planar cleav~ge, · S2. 

The possible reasons for the absence of F1 folds is dealt 

" with later on in this section in the proposed structural 

model for the Gootse Tickle and Maiden Point Formations., 

F2 folds in Quirpon harbour and on Quirpon Island show 

similar fold style and fold geometry. Both fold sets are 

tight, asy~metric and northwesterly-inclined wit~ variable 

axial plunges (Fig. 12, facing p.f16). Since there is no 

cross-cu~ting evidence to su~gest that either the mainland 

F2 set and the Quirpon Island F2 set are of different ages 

a n d s 1 n c e b o t h f all 1 n t o t h e s a m e s t y 1 e g.r o u p i t i s 

concluded that these folds were generated during the same 

phase of deformation and . are hence time equivalent (see 

Fig. 7, back pocket). I ' .. 

. · ' . 
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·Maiden Point Formation 

Evidence from elsewhere in the Hare Bay allochthon 

shows that the Maiden Point Formation always lies 

structurally above the Goose Tickle Formation and below the 

Goose Cove Schist though not necessarily in cont;ac._t with 

e1tper (e.g. Tuke, 1?68; Stevens, 1967; 'Williams and Smyth, 

1 97 3). During field mapping the same rel~tionship was 

assumed to be true on Quirpon Island, where the Maiden . . 
Point formation rests above the Goose Tickle Formation from 

which it 1s separated by melange zones and below the Goose 

Cove Schist where the boundary is a mylonite zon~ 

. Fl folds 

Earliest deformation in the Maiden Point Formation is 

suggested by the presence of a single overtu~ned F1 fold 

structure in Lighthouse Cov·e. Williams and Smyth (1974) 

also inferred the presence of early pre-cleavage recumbent 

fOlds in the Maiden Point Formation in St. Anthony harbour, 

and south of Hare Bay, by beds tha _t face downwards along 

the post-emplacement cleavage. These folds either pre-date 

or relate to the emplacement of the Maiden Point Slice 

(Williams and Smyth, 1 974). It is possible that the 

Lighthouse Cove fold is correlative with these • 

.. 
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F2 folds 

.., r F2 folds vary in style from. a) tight to isoclina l 

l ~:·~· Pigeon Cove and Grapnel Cove) to b) large scale 

s 1m 11 a r f o 1 d s w 1 t h 1 n t e r 11mb an g 1 e s up to 9 0 ° ( ;. g. 

· Co 1 om b 1 e r Co v e, C a p e B a u 1 d a n d sou t 1\ Pi g e on Co v e, F i g s. 

15c, d & e, facing p.12.1). The two style gro6ps are cl.early 

defined on . the basis of fold morphology but both carry the 

same.. axial planar cleavage, S2. Both maif!tain consistent 

asymmetri~s and overprinting between them is not observe~ 

They are thus considered to · belong to t~e same fol~ 

generation. 

All the structures observed between south Pigeon Cove 

and Cape Bauld, and along the west coast as far south as 

the Islets, belong to the F2 generation of folds. Fold 

asymmetries are consistent· with the interpretation that 

they lie on the northwestern limb of a major steeply east 

to southeasterly-plunging and south fa c ing fold structure 

(Fig. 16, facing · p.131 ). If this is the case then the 

Maiden Point ' Formation on Quirpon Island represents one _? 

' limb of a large F2 structure. The eastern limb of this 

structure is located somewhere to the east of Quirpon 

Island (Fig. 20, facing p.150 ). It is important to note 

that the Maiden Point ~andstones in the western and 

northern part Df Quirpon Island young consistently t o the 

east and that the format i on is structurally overturned 

a g a inst the we stern edge of the Goose Tickle Form at1on tn 
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the Grandmother's Cove inlier. This relationship is 

reversed on Jacques Cartier Island where the sandsto~e:s 

young' to the west and are overturned against the Goose 

Tickle Formation. 
' . 

T h i s r ~ i .s e s q u e s t .i on .s a b 0 u t the s t ' r u c t u r a l 

relationship between t~e other inliers ~f the Goose Tickle 

Formation and the Maiden Point Formation. The Maiden Point 

sandstones at The Whale~nd at Whale Point young away from 

the thrust contacts with the Goose Tickle inliers. Howe·yer, 

at Lighthouse Cove t1 e Maiden Point sandstones young 

towards the so~theast .on both sides ~f the Goose Tickle 

inlier. The inliers cannot therefore be .explained as simple . 

anticlinal structures within the Maiden Poirit Formatfon and 

appear to be related .to Maiden Point structure. 

Maiden Point/Goose Tickle Formations F1 fold correlations 

Pre-cleavage deformation causing Fl folding can bi 

demonstrated in . the Maiden Point Formation on Quirpon 

Island and elsewhere in the Hare Bay allochthon ('Williams 
J 

a n d S my t h , 1 97 4 ) • P r e- c 1 e a Y' a g e de for m at i on c a u s 1 n g t h e 

development .of i~oclinal F1 folds has also been 

demonstrated for . ~he Goose Tickle Formation in the 

Grandmothers Cove inlier and on rook D. of the Islets. 

S my t h ( 1 97 3 ) and W illi am s a n d S my t h ( 1 97 4) c or r e 1 a t e 

westward-Cacing recumbent folds in the Maiden Point 
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Formation south of Hare Bay with pre- to syn-emplacement 

deformation of the allochthon. It is believed that the 

Goose Tickle and Maiden Point ~ormation F1 folds, and the 

refolded folds in the Goose Tickle/Maiden Point Formation .. 
inte.rformational melange zones .are structurally equivalent 

t o t h e s e1 t h o u g h ( o 1 d s t y 1 e a n d g e om e t,t y c a n n o t b e 

compared. 

Halden Point/Goose Tickle Formation F2 fold correlations 

• Between the south tip of Quirpon Island and Herring 

Cove Head the Maiden Point sandstones are overturned and 

, young to the southwest towards the contact with the Goose 

Tickle Formation in the Grandmother's Cove in"lier. S2 

cleavage in this region strike~ north-northwest whilst 

bedding strikes to the northwesL The younging and bedding 

and cleavage relationships in the Maiden Point Formation F2 

folds together w1th.F2 fold asymmetries in the Goose TLckle 

Formation inlier in Grandmother's Cove, suggest that the 

Goose Tickle Formation and the Halden Point For11ation in 

this area form a large scale F2 antiformal structure .. 
related to folding of 'the tectonic contacts between the two 

formations. However · when the axial trace of this inferred 

structure .is constructed , along strike through the Maiden 

Point .Formation the e~pected reversals ln yo~nging 

~irect1on and changes in fold symmetry to the southeast of 

the axis south· or Pigeon Cove are not observed. Instead, 
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the consistency of ~aiden Point F2 fold asymmetries a'nct 

youngi,..directions ih the northern part of Quirpon Islartd 

suggests that th~ Goose Tickle and Maiden Point rocks form 

the northwest 11mb of a large scale F2 synclinal fold which 

closes to the northeast and which ha.!l an axial trace 
. 

. considerably to the east of Quirpon Island (Fig. 16, facing 

p.131 ). 

The discrepant F2 fold aymmetd~s in the Maiden Point 

and Goo~e Tickle Formations in the southern part of Quirpon 

Islan4 can b~ explained if the Gr~ndmother•s Co~e inlier is 

interpreted as a detached sliver of Goose Tickle Formation 

" now rest 1 n g in the 11mb of a - III a J or M a i den • P,~ n t F 2 

structur~ · Fur~~er, the distribution of all remaining~se 

Tickle Form~ t ion · exposures with 1 n the H a ·1 den Point 

Formation can also be explained as detached slivers. 

I . ~ 
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A s t r uc t u r a 1 -m o d e 1 f o r t h e G o o s e T 1 c k 1 e 
- 4..... ' 

and Maiden Point For~ations 

)o. 

./ 
If the •xpo5ures of ttie Goose Tickle Formation on 

Quirpon Island and Jacques Cartier Island are interpreted 
:¥ 

as alloch-thonous sliyers resting in the Maiden Point 

Formation then struct~al discrepancies between . . the two 

Formations can be explained. The Goose Tickle Formation h 

thus- interpreted to have been incorporated into the Maiden 

' Point follo~ ing or the in ' relation to .. Formation, 
•, 

development of F1 folds during emplacement of the 

AllC?chthon, along a seri~s of rising thrust faults that 

root in, or below, the allochthonous domain of the Goose 

Tickle' Formation _(Fig. 28). Large scale F1 . recumbent nappe 
) ' ' 

structures were probably being developed during thrusting 

of the Halden Point Formatit>n resulting in an inverted 

stra-tigraphy above the Goose Tickle Formation on Qu_irpon 

Island. The nature of. thrusting retains a consis'tenti.y . 

overturned Maiden Point Formation stratigraphy (Fig. 28). 

It is likely that the Degrat Harbour me~ ange and the 

similar melange found along strike around the south tip of 
. ' 

Quirpon Island were generated during thrusting because they 
..... 

contain blocks of e:rotic roc.ks tectonically derived from 

lithologi~s (possibly the Northwest Arm Formation) no t 

exposed in the Quirpon area (see .Chapter 5). 

The slivera_···or r~s of Goose Tickle Formation wer·e 

transpQrted upwards, into .the thrust slice of rocks of the 
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Figure 28 

Diagrammatic crtss-section to show how the Goose 
Tickle Formation has been structurally .incorporated in 
to the Maiden Point Formation as discrete slivers 
along rising thrusts. Note the truncation of a major 
Maiden Point_ recumbent Fl fold by the thrusts. Fl 
folds shown for the Goose Tickle and Maide-n Point 
Formations are ·digrammatic and do not intend to imply 
diff,~ring fold style or orientation · 
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Maiden Point Formation along imbricate thrusts. The two 

slivers of Goose Tickle Formation which are now exposed in 

the Grandmother's Cove ·inlier ,and on the west side of 

Jacques Cartier Island together "sandwiched" a dismembered 

sliver of Maiden. Point Formation lithology now exposed on 

Jacq~e:s Cartier Island (Fig. 29). The thrusts also cut 

obliquely through and offset a major Maiden Point Formation 

F'l fold axis (Figs. 28 & 29). The offsetting of a major 

Halden Point Formation Fl fold axis by imbricate thrusts 

explains otherwise ambiguous · reversals in yoanging 

directions within ' the Formation {Fig. 29). Together the 

imbricated Maiden Point and Goose Tickle Formations were 

thrusted above structurally lower autochthonous rocks of 

the Goose Tickle Formation that were not affected by F1 

folds (now exposed aiong the shore of Quirpon harbour) 

(Figs. 28 & 29). Subse~uent deformation folded the thrust 

contacts generating the F2 folds in the Maiden Point 

Formation and in the allochthonous and autochthonous rocks 

of the Goose Tickle Formation. 

Geometry of folded thrusts 

It. will be noted that F2 folds do not appear to affe-ct 

the t w o 1 a r g e. bod i _ e s of H a 1 den Po 1 n t pill ow 1 a v a 1 ocate d 

b!!tween west Pigeon Cove and Dumenil ·Point and south Pigeon 

Cove ~nd Merchant island, respectively. This can be 

explained if thesE? two bodies were orientated· coaxial l y 

' 
186 

.~.,. . 
~ ... ~ 

·-· 
1 
! 



' · ' 

I 

t 

·-• 

Figure 29 

The geometry of folded · thrusts on Quirpon 
Island. Note the large scale Maiden Point Fl fold axis 
is truncated against the Grandmother's Cove inlier of 
Goose Tickle Formation rocks. This explain_s facing · 
reversais in the Maiden .Point Formation with respect 
to S2. · 
ST= sole thrust (interpreted) 
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., 
., with respe~ct to F~ fold axes prior to F2. folding. In other 

areas, pillow lava outcrops that were originally oblique 

to F2 axes on the south tip of. Quirpon Island have been 

rotated and incorporated into the large scale F2 structure 

in this region. Similar · reason1.ng explains the apparently 

unaffected contact! between the Goose Tickle Formation 

inliers and the Maiden Poi.itt Formation because these 

inliers may al!o have been orientated coaxially to F2 fold 

axes (Fig. 30 explains the geometry of this situation 

diagrammatical~y). Goose Tickle/Maiden Point Formation 

contacts that were originally oblique to F2 fold axes are 

I 

not exposed, but are interpreted in this model to occur 

within Quirpon harbour. The anomalous fold asymmetries 

along the Goose Tickle/Maiden Point Formation contact on 

the southwest side of the Grandmother's Cove inlier can be 

explained by the initial orientation of this thrust oblique 

to subsequent F2 fold axes and is shown in Figure 30. 

From this ' interpretation arise tw·o important structural 

implications; 

1) the Halden Point and Goose Tickle Formations .were 

brought together along a major basal thrust, probably 

during F1·folding related to emplacement. This thrust is · · 

not e~posea)but is inferred to lie within Qu1rpon harbour 

separating the autoch thonoua domain of the Goose Tickle 

Formation fro:m the allochthonous Gooae Tickle an·d Halden 

Point Formations . (Figs. 2 8 .& 29, facing pagesf85". &181 ). 
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Figure 30 

Diagram to illustrate how the geometry of folded 
. thrust contacts between the. Goose Tickle and Hai den 
- Point formations can be explained by assuming 
obliq·ui ty of some thrusts to F2 fold axes prior to F2 
folding. thrust ·s 1, 2 and 3 are unaffected by F2 
folds because they were oriented coaxially to F2 fold 
axes. Thrust section A-B though located on the western 
limb of an antiformal structure show 8 S-shaped F2 fold 
asymmetries. Thrust section B-e, located on the same 
11 m b , of t h i s s t r u c t u r e , s h ow s 2 -..s h a p e d F 2 f o 1 d 
asymmet.ries. Arrows show the relative direction of 
displacement during F2 folding . 
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ii) ~he Maiden Point Formation Fl folds are developed 
I 

on a v e ri.~ 1 a r g e s c a 1 e be c a u s e r e v e r s a 1 s i n y o u n g i n g 

directions in the F2 folds are not commonly observed, ,, 
.except in .Lighthouse Cove and on the south tip of Quir~on 

Island. Conversely, Goose Tickle Formation Fl folds are 

developed on a relatively small scale, because reversals in 

younging directions are observed within mesoscopic F2 folds 

in the Grandmother's Cove inlier, and on rock ~ 6f the 

Islets (Fig. 10, facing p.100). 

Maiden Point and Goose Tickle Formation F2 folds are 

very tight on the west side of Quirpon Island and along the 

central shore of .Quirpon harbour. Folding becomes more open 

to the east where, on the eastern 11mb of the large scale 

F2 fold that affects the Maiden Point Formation 

intraformational melange zone on the south tip of Quirpon 

' Island, lithologies dip steeply northwest. Brief visual 

reconnaissance of the autochthonous domain of the Goose 

Tickle Formation east of Quirpon harbour reveals that F2 

folds become progressively more and ~ more open to the east 

and at Cobbler island beds have a gentle eastward dlp. 

Humber Arm correlations 

Because the Goose Tickle Formatlon on Quirpon Island 
. $e 

has been ·shown to be ~ochthon'ou~ then a correlation, 

based on structural position and tectonic lithofacies, can 

be made between the transported Go~se Tickle Formation and 

··-r .. t 

,J 
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the tectono-stratigraphically equivalent Blow~He-Down Brook 

Formation of the upper Curling Group of the Humber Arm 

Supergroup of the Bay of Islands (see Stevens, 1 970) (Fig. 

31 1 located in back pocket). The Humber Arm S.upergroup 

includes the transported rocks of the Curling and Cow Head 

Groups •. Stevens (1 970) states that the type section for the 

Curling Group is in the Humber Arm Allochthon, and divides 

it into three units; 

i) a lower quartzo-feldspathic flysch, which includes 

the Summerside, Meadows and Irishtown Formations of the 

Humbe·r Arm Allochthon, and the Maiden Point and Canada Head 

Formations of the Har• Bay Alloch~hon~ 

ii) a carbonate flysch, which includes the Cooks 

Brook, Middle Arm Point and Green Point Formations and the 

Cooks limestone of the Humber Arm Allochthon and the 

Northwest Arm Formation of the Hare Bay Allochthon, and 

111) an easterly-derived upper quartzo-feldspath1c 

flysch, which includes the Blow-He-Down Brook Formation 

(which is correlated with the allochthonous Goose Tickle 

Formation on Quirpon Island) 
0 

The correlation is made beca.use, 

a) the. upper quartzo-feldspathic flysch and the Goose 

Tickle Formation ~re easterly-derived• 

b) the upper quartzo-feldspathic flysch and the Goose 

Ti9kle For11ation are transported. 
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However the · transported Goose Tickle Formation (upper: 

quartz<t-feldspathic flysch) 0!'1 'Quirpon Island lies 

s t r u c t u r a~ 1 y be 1 ow th e H a 1 d e n Po 1 n t Form a t 1 on, w h 1 c h i s 

part of the - lower quartzo-feldspathic flys~h (Stevens, 

1970) (Fig. 31, back pocket). , , 

Goose Cove Schist 

The _Goose Cove Schist has been shown to have suffered 

at least three phases of deformation on Quirpon Island:· 

These are briefly; 

i) development of an early coarse-grained (Act l ) 

amphibolite foli~tion (Sl), 

ii) folding of Sl by Ft folds which are associated 

with an axial planar foliation, S2. S2 was generated from 

the dynamic recrystallization of Actl to Act2, and 

iii) defor11ation of F1/S2 by F2 folds and associated 

conjugate crenulations S3 and S4, and the development of a 

mineral 1 inea tion ( L3) in the meta gabbros. 

Goose Cove Schist/Maiden Point/ Goose Tickle Formations 

structural correlations 

It is not possible to make correlations between earl y 

structures in the Goose Cove Schist and structures observed 
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in lower slices and in the auto~hthonous domain in the 
f 

. Quirpon area because of the absence of overprinting 

~riteria and because the rocks are in different slice~ 

Importantly, the Goose Cove Schist preserves ~o large scale 
. . 

structures prior to F2. This is probably due to intense 

reworking of earlier structures . durlng the prolonged period 

of greenschist facies metamorphism during which the S2 

foliation was generated, and also to ' the lack of continuous 

marker horizons which m~~ht enable .fold surfaces to be 

traced. 

However, the final phase of folding (F2) affects the 

Goose Cove Schist/Maiden Point Formation contact. This is 

well de~onstrated in t~e region between Whale Point and 

Alun Point on the s.out~ tip of Quirpon Is.land where fold~ng 

of tne contact can be related to the _gently northeast­

plunglqg large scale F2 synform (Fig. · 20e, facing p.150) • . 
The outcrop pattern of the fold su~face parallels the F2 

fold which affects the intraformational melange z~ne in the 

Maiden Point Formation in this area, clearly indicating 

that both Maiden Point Formation F2 and Goose Cove. Schist 

F2 folds ·belong to th~ ~ame generati~n and are of post-

emplacement age. 

It is not possible t~ correlate earlier structures in 

the Goose Cove Schist wlth · others in the lower 

allochthohous slices using fol~ style ~riteria because 

mesoscopic and large scale structures in the Goose Cove 
r 

Schist are absent. However, the Halden Point gabbros and 
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pillow lavas suffered pervasive post-emplacemen~ lower 

greenschist facies .metamorphism subsequent to Maiden Point 

F2 folding whilst th~ Goose Cove Schist was undergoing 

waning gr!'eenschist racies metamorphism during generation· of 
~· 

f2 folds. The- implication is, therefore, that lower 

green sch~st hci e s m etam or phi sm in the Hai den Point 

Formation can be related to waning greenschist facies 

metamorphism in the Juxtaposed Goose Cove Schist w~ i ch 

would provide a lo~ical heat source for metamorphism. 

Fold preservation in the alloch~onous rocks 

. It is important to emphasize that altho.ugh large scale 

isoclinal emplacement folds c-an be iri'rerred in the Goose 
.. 

Tickle and Maiden Point Formations (F1), no large scale 

folds are observed in the Goose Cove Suhi~t that can be 

related to emplacement of the allochthon. This may reflect, 

as already mentioned, the effect of severe reworking of 

such possible folds or the effects of a different 

deformation mechanism. It could also reflect a temporal 

migration of str.ain towards lower structural levels, the 

higher nappes and duplexes starting to rid• passively on 

the lower units which were undergoing large scale r~cumbent 

folding di~ectly above the sole thrus~ 
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CHAPTER 9 

GEO.P!HSICAL ANOMALIES 

In trod u c t1 on 

The conflict bet w e e n 1 n t e r pre t a t ~ on s of crust a 1 

structures based solely on surface geology can be resolved 

by using geophysical information which is able to add a 

third dimension, depth of $ection, to these 

interpretations. Gravity data for the Quirpon area are 

taken from the 1:1,000,000 scale Bouguer Anomaly Map of the 

Appalachian Orogen (Haworth, ~..t __a_l., 1 980) since regional 

gravity data are unavailable. Regional magnetic maps for 

the Quirpon area are av.ailable at one inch to four miles 

(GSC map 7366G) and one inch to one mile (GSC maps 4415G & 

441 8G). 

Mag n e t i c an om a 1 i e s 

A magnetic anomaly is defined as the deviation from 

the normal value of the e a rth's magnetic field. 

Measurements of the magnetic properties of Newfoundland 

ophiolites and pillow lavas yield arithmetic means of 3.5-

5 o. 1 0 - 3 A m - 1 ( H a w o r t h & M 111 e r , 1 9 8"2 ) • H a w o r t h & H ill e r 

(1982) found the scatter in measured values so large that 
t 

they adopted- a constant value of 25.10 Am- 1 for ultramafic 
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rocks to determine the general shapes a nd attitudes of t he 

bodies. 

Previous work in the Hare Bay area 

Chlorite schists have been interpreted offshoSe east 

of t h e W h i t e Is 1 and s by Haw or t h ~..t .a..l. ( 1 97 6 a ) , a n d the i r 

presence has been confirmed from a drill core sample from 

east of Hare Bay (Hawort'h J:...t ~.l., 1976b) (Fig. 32). Haworth 

J:J.. ..a..l. (1 976b) correlated these rocks with the ch l ori t e 

schists of the Fleur de Lys equivalents exposed on Groais 

Island (Kennedy ..e..t .a.l., 1973). They tentatively asserted 

that the linear north-south trending magnetic "ridges" east 

of Hare Bay might be interpreted as indicating ant1forms 

with cores of chlorite schist either exposed or in 

subsurface close to the seafloor similar to the stru ct ures 

observed on Groais Island by Kennedy J:..t .al. ( 1973). Haw orth 

_e_t ..aj. (1976a&b) also considered this linear anomaly, whi ch 

extends from east of Belle I sle to Hare Bay, to be part of 

the northern extension of the Fleur de . Lys equivalent and 

not part of the Goose Cove Schist. 
I 

I 
Core 17 (Fig. 32) recovered foliated sandstone a nd 

quartz conglomerate of the Fleur de Lys type (Haworth ..e...t 

.a.l. , 1 97 6 b ) • Not i n g t h a t P r e c a m brian c 1 a s t i c s c r o p ou t on 

Belle Isle and on the White Islands (the White Is l ands 

Formation, this work) they interpreted a west e rn 
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Figure 32 

Geology of the continental shelf off southeastern 
Labrador (after Haworth· _e_t _a_l.., 1976a). 

HARE BAY ALLOCHTHON 

H 0 - Had r y n 1 an ! to middle 0 r do vic i an grey wacke s, 
volcanics, greenschists, amphibolites and peridotite 

WESTERN AUTOCHTHONOUS ROCKS 

CO- upper Cambrian to middle Ordovician limestone, 
dolomite and, in upper part, slate of the Goose Tickle 
Formation 

HC - Upper Hadrynian · and Cambrian quartzite, slate, 
lime stone, dol om 1 te, minor basalt (Bateau, Lighthouse 
Cove, Bradore, Forteau and Hawke Bay Formations) 

H - Grenville gneiss, schist, granite and gabbro 

EASTERN AUTOCHTHONOUS ROCKS 

OS - Ordovician/Silurian volcanics and minor sediments 

HCF- psammitic and pelitic schists, basic schists, 
and a mph i boli te.s 

HCV- chlorite schist, metagabbro and peridotite 

HA and MP - Mississippian conglomerates, sandstones and 
shales 

Kl' - Cretaceous/Tertiary sandstone, siltstone and 
mudstone 

OTHER SYMBOLS 

Black triangles and numbers refer to core locations 
referred to in text 
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( s t r u c t u r a 1 ? ) b o u n d a r y of the Fl e u r de L y s to 1 i e e a s t of 

the exposures of the Bateau Formation on Belle Isl~ and . 

west of core 17 and the chlorite schists (Fig. 32). To the 

east the Fleur de Lys i.s in contact with Mis5issippian and 

Pennsylvanian .units. Igneous· rocks retrieved further east 

h a v e been cor r e 1 a ted w i t h the C a p e S t. J o h n Group w hi c h 

lies ai the eastern edge of the Fleur de Lys Supergroup on 

the a ·ur1ington Peninsula (Haworth li ..a.l., 1 976a&b). 

W 1111 am s ~..t ill. ( 1 973) and Williams & Smyth ( 1 97 4) 

interpreted the sharp anomaly east of the Fishot Islands as 

part of the White Hills Peridotite sheet exposed on land 

northwest of Goose Cove, th.ough Haworth J:Jt _a_l. (1 976a&b) 

made' no mention of this anomaly. 

The Quirpon area magnetic anomalies 

Approximately one kilometre east of the White Islands 

the 55,000 gammfua isomagnetic line approximates the sharp 

western edge of the magnetic "ridges". Haworth J:..t ...a.l. 

(1 976b) · interpre~ed the Fleur de Lys/White Islands 

. Formation (Bateau Formation) contact at this location. The 

eastern boundary of this anomaly is ragged and diffuse 

suggesting a shallowly east-dipping body (Fig. 33). West of . 

the White Islands (and presumably White Rocks) Haworth .ll 

.a].. U976a) interpreted the boundary between the White 

Ir.lands Formation (Bateau Formation) in the east and the 

Cambro-Ordovician lim est one shelf sequence, inc1 uding the 
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• Figure 33 

Magnetic anomaly map of the Quirpon area 
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Goose Tickle Formation, in the we,st. 

In the centre of Grands Galets Bay there is a roughly 

circular anomaly, defined by the 55,000 gamma isomagnetic 

1 in e. 
( The peak_ of the an om a 1 y reaches 55, 1 0 0 gammas 

( F'~ 3 4 ) w h i c h i s w e ll w i t h i n t h e r a n g e of t h e of f s h or e 

magnetic "ridges". It is interesting .to note that the Goose 

Cove ~chist on Quirpon Island has no magnetic signature 

w hi c h s u g g e s t s t h a t t hi s u n i t i s r a the r t hi n. T hi s agrees 

with the observed thickness of the Goose Cove Schist of 

170m (Chapter 3). It is relevant to note that throughout 

the Hare Bay Allochthon the Goose Cove Schist does not have 

a magnetic signature (see GSC map 4418G). 

The s h ape of t h e Grands G a 1 e t s Bay an om a 1 y sy g g e s t s 

the presence of a small outlier of magnetic material. The 

strength of the anomaly is above the range for Newfoundland 

ultramafics as defined by Haworth & Miller (1982). It is 

possible that this body is a remnant of peridotite since 

its posit~n sugge!'!t.s that it rests above the -Goose Cove 

Schist in the core of the large scale F3 fold exposed 

between Whale Point and Quirpon harbou~ 

Bouguer a nom al ies 

• Becau~e gravity anomalies show the variations in 

dens i t y of roc k s in the earth' s 11 tho s ph ere, inform a t i .o n 

• about near surface rocks i s masked by the background 

strength of the anomaly. This contrasts with magnetic 
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anomalies which reveal information mainly from near surface 

rocks. Consequently gravity anomalies tend to be ,~h 

larger and do not reveal changes in geological structure on 

a local scale as well. 

The Quirpon area anomalies 
... 

\ 

Haworth .tl .a.l. ( 1 980) show Quirpon Island lying on the 

15 milligal contour. This value separates a major, rather 

featureless positive anomaly about 1 OOkm east of Hare Bay 

which peaks at slightly more than 60 milligals, from a 

major negative anomaly \ located slightly southwest of Hare 

~. Bay on the Northern Peninsula which peaks at slightly less 

than -60 milligals. The negative anomaly is related to the 

Cambro-Ordovician platformal carbonates of the Table Head 

and St . . George Groups. 

The zone between the two anomalies drops steeply from 

40 to -40 milligals over about 50km, and has a strong 

north-south linearity, the trend of which correlates well 

with the similarly trending magnet~c "ridges" described by 

Haworth ~..t .a..l. ( 1 976). The zone represents the boundary 

between rocks of higher density to the east and lower 

density sediments to the west. There are no local anomalies 

that can be correlated with the known geology of the Hare 

Bay All och than. 
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. CONCL USIONS 

Geolo~ical evolution 

'\ 
Adequate discussions on the geological, evolution of 

western Newfoundland with respect to the birth and 

destructiln of the Iapetus Ocean havf;!. been given by · several 

authors (\g. Stevens, 1 97 0; Smyth, 1 97 3; Williams and 

Stevens, 197ll; Williams 1975; Malpas, 1976; Wil li ams and 

S my t h ( i n p r e s s ) a n d J am i e s on , 1 97 9). A b r i e f s y no p s i s of 

the geological history has been given in the Introduction. 

A detailed discussion is not presented here because this 

wo~ld be largely repetative, and is beyond the scope of 

this thesis. 

Summary 

The purpose and scope .of tbe thesis has been to 

a~alyze one part of the Hare Bay Allochthon in order to 

clarify and understand the detailed tectoni c and 

metamorphic processes during emplacement with particu l ar 

emphasis on structures and structura l correla t ion. The 

conclus~ons of this analysis are . summarized below in poi nt 

form. 

1 • The rocks in the Qui r p on a rea show a rev e r s ed 

metamorphic g ra di e nt. The structur al ly highest unit, th e 
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Goose Cove' Schist, is a retrogressed actinolite greenschist 

which forms part of the dynamothermal aureole of the . 
ophiolite of the St. Anthony Complex. Below this occur 

rocks of the Haid.en Point Formation w,hich have undergone 

lower greenschist metamorphism probably as a result of 

juxtaposition against the coolin.g Goo~e Cove Schist. The 

lowest u'ni ts, which consist of the White Islands and Goose 

Tickle Forma lions show evidence of sub-greenschist facies 

metamorphism. 

2. 
_// 

It has bJeen shown that the Goose Tickle Formation 

is in part allochthonous because parts of the Formation 

occur as discrete slivers in duplexe.;; w:ith the 

allochthonous Maiden Point Formation. The presence of 

inferred emplaceme~t-related pre-cleavage isoc l inal folds 

(F1) are tectonically equivalent to pre-cleavage isoclinal 

folds within the Maiden Point Formation. The absence of a 

tectonic foliation with these folds is unusual but has been 

observed south of H a r e Bay by S my t h ( 1 97 3 ) and m a y be the 

result of soft sediment deformation. 

3. A tectonostratigraphic correlation has been made 

between the allochthonous Goose Tickle Formation and the 

Blow-He-Down Brook Formation of . the Upper Curling Group of 
..:· 

the Humber Arm Supergroup of the Bay of Islands ophiolite 
'-.. 

co'!lplex. 

/ 
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4. The Maiden Point Formation is structurally 

overturned against the under l ying autochthonous Goose 

Tickle Formation. 

5. · A large scare d i scontinuous intraformational 

melange zone in the Maiden Point Formation (the D~grat 

Harbour melange) contains blocks of exotic lithol ogies 

which may have been incorporated from the Northwest Arm 

Formation ~hich, though not present in t-he Quirpon Island 
I 

section, is elsewhere structurally lower than the Maiden 

Point Formation. 

5. An emplacement-related ductile mylonite zone 

marks the contact between the Maiden Point Formation and 

'the Goose Cove Schist and is developed pr i marily in Maiden 

Point sediments. Late sta.ge movement is indicated by 

several ultramylonite zones which truncate the mylonite 

foliation. 

7. The Goose ·Cove Schist preserves only two 

recognizable fold generations (F1 and F2) whic h he 
developed on a microscopic and small scale. A l arge s c ale 

' ~ 
post-emplacement (F2) fold affects the contact with the 

Maiden Point Formation al l ow i ng correlation of post -

emplacement structures in both units and in the Goose 

Tickle Formation. The la c k of mesoscopic and large scale 

pre-emplacement structures in the Goose Cov e S chi~t i~ 
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jj 
probably due to the abs~nce of ~ontlnuous marker horizons; 

8. A well Jdefi.ned magnetic anomaly . suggests the 

p r e s e n c e of a n o u.t 1 i e r of p e r i do t i t e · o n t h e sea f i &ol of 

Grands Galet~ Ba~ -

· ~ F2 fold amplitudes in the· Goose TickYe Formation 

become shallower towards the ea~.t. This · is ih contrast to 

the observation elsewhere in the Hare Bay Allochthon that 

post-emplacement folds die out westwards. This may be 

because stratigraphically lower rocks are encounter-ed to 

the east which, because they were deeply buried, e·scaped 

d,.eformation during emplacement. 
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INTERPRETATION 

Pre-emplacement deformation probably related .. to initial stacking of 
allochthonous sl1ces, possibly by ' partial 1ncorpor~tion of the 
Goose Cove Schist along an Eastward dipping tJ,enioff zone. 
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Figure 1 II a 

The geometry of an F1 f'old in Lighth o use Cove 
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Geology'of Colombier Cove . 





















Figure 31 

Comparison bet~een structural !tackin~ order and 
original position of .slice! at Quirpon (Hare Bay) and 
In the Humber Arm Allochthon. This figure shows the 
correlation between the transported Goo.se Tickle 
Formation and the tectonostratigraphically equivalent 
Blow-Me-Down Brook Formation 
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