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ABSTRACT

The rocks on Quirpon Island fepresent 3;we11 exposéd
cross section through the lower tfansported alicesvof_the
Hare Bay Allochthon and the uppermost parts of the
autochthon. This thesis examines in detail the structural
geometry of a part of the Hare Bay Aliochthon.‘lts pur pose
1suto analyze in detail the deformational and metamorphic
historiei of.the individual thrust slices and of the
Vuﬁpermo#p autochthon in- order to correlate these hisories
as far as pgssible. Detalied field work reveals a réversed

metamorphic gradient. Also, structural complexity and the

numbers of generations of structures increaéeé 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/tﬁansferréd
from the cooling greenschists causing pervasive lower
éreenschist.facies metamorphism. Mucﬁ of the under%ying
middle Ordovician Goose Tickle Formation flysch, previously
believéd to be entirely autochthonous throughout the Hare
Bay area, occurs as discrete, detached slivers within the
Maiden Point ?ormation. Large scale, isocli£al, pre-
cleavage folds have béen 1dént1fied in both of these

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

magnetice anomaly immediately east of Quirpon Island may
L 4
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indicate the presence of an outlier of ophiolite of the
White Hills Peridotite, the highest structural slice in the
' Hare Bay Allochthon.
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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 Newfoundland. The island is
6.5km long and at its widest point 1is 3km across. The
north end of the island terminates at Cape Bauld‘which
protrudes into the Strait of Belle Isle slightly further
than Cape quman, the northernmost tip of the island of
Newfoundland. The south end of the island juts into and
shelters Qu{rpon harbdur from the northeasterly Atlantig
fetch (Fig. 1, located in back pocket). It was here, at
'Karpont', that the Jacques Cartier expedition sough£
shelter from the crushing ice pack in the spring of 1534
before continu;ng on the historic voyage of d;séoVery up
the St. Lawrence River. Quirpon is presently served by a
20km long dirt road that joins the magnificent, hewly-paved
Northern Peninsula Highway about 12km northwest of 'St.

Anthony.

Geological Setting

- Quirpon'Island is part of the Hare Bay Allochthon, a

complex and extensively outcr ping association of

allodhthonoususedimentary, volcahic, intrusive and




Ry

metamorphic ;ocks. The'alléchthon is exposed for BOkp in a
belt about.15km wide, from Cape Bauld, on Quirpon Island in
the nprth to Sugarloaf -Cove, south of Canada Bay (Fig. 2,
locatéd in back pocket).

The allochthon is located at the northernmost limit of

éxpoéure of the Appalachian orogen. In recent studies,
there is consensus of opinion that the orogen can be
interpreted in Eerms of plate tectonic models (e.g; Church
and Stevens, 1971; Dewey and Bird, 1971, and Williams,
1976), from the birth and evolution of the Iapetus Ocean in
the late Precambrian to its eventual destruction in middle
Ordovician times., Williams (1976) has divided the
Newfoundland Appalachians into four tectonic lithofacies
zones which are, from east to west, the Avélon, ander,
Dunnage and Humbef Zones. »

The 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 Dunﬁage Zone represents the vestiges
of the lapetus Ccean that were not completely destroyed
during collision of the North American cra&on against the
eastern margin of Iapepus and the platform of the Avalon

"microcontinent®, which fall respgctlvely into the Gander

and Avalon Zones,
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Regional geological hi'story
-
Tectonic 'elementa of the Humber Zoﬁe are:
(1) a pre‘—exiﬁting Precahbrian crystalline basement of
Grenvillian age (The Long Range lComﬁlei). »
(2) unconformable deposits of lower Cambrian coarse afast

sediments (e.g. Bateau, Bradore and Forteau Formations)”and

coeval basalt flows and dykes (Lighthouse Cove Formation)

(Williams and Stevens, 1969), related to rifting of the

cratqn and birth of I‘apetus. and the subsequent development

of a thick continental rise pr'i'sm of‘Prec#mbrian to o
. Caulbr'ian clastic rocks with aasociated‘ volca’n;am (Maiden

Point Fonpagon),’_ derived from '-".the Nort(.h American craton to

the west,

(3) de;revlopment of a Cambro-Ordovi“ci:an shallow shelf

carbonate sequence (St. George and Table Head l’-‘ormétions,

and coeval slope faciesca(rbona.te slump deposits of the Cow

Head Formation) reaching 1its maximum development 1in

’
Tremadoc/Arenig times (Tuke, 1968). .

(8) blanketing of the carbonate bank by a Llanvirn-age,

-easterly-derived flysch (Gotse Tickle Formation) (Tuke,

(5) emplacem:ent of the Hére Bay allochthon which, includes

an ophiolite with its dynamothermal aureole (St. Anthony
Complex) over autochthonous terrain of the northeastern

margin of North America, ; .
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Purpose and scope of study
The present study was carried out for the following

reasons; (1) to examine in detajl the structural geometry

Nt W R R L s o

of the 1ouer’ part of the Hare Bay Allochthon, covering
, internal geometry af the anits and their contact

relationships.

—_—

(2) to aﬁalyze in detail the deformational and metamorphic
histories of the different thrust sheets in the allochthon
and of the autochthonous Eocka, and to compare and
correlate these histories as far as possible in order to
deleop a reglonal deformation scheme.

(3) : to clarify and understand the defermation processes

L)
L (kinematics and deformation mechanisms) involved in the

e s s

O
formation and emplacement of the allochthon, with special

reference to plate tectonic models, _ o
’ ( L. . . .
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CHAPTER 1

PREYIOUS WORK AND THE DEVELOPMENT OF IDEAS
v

Daly (1903) examined some of the Maiden PJoiwnt pillow
lavas of Quirpon Island and Jacques Cartier Island, He
described in detail the variolitic structures and
petrography concluding that the basalts were "greatly
altered variolitic spilites.” v

-Cooper (1937) made the first detailed description of
the Hare Bay area, noting a lower lime§tone unit overlain
by the Goose Tickle Slate., He suggested that the_thickn’éss
of the Goose Tickle (600-1700m) was largely due to
repetit,ion by isoclinal folds and imbricate faults, and
further recognised intense "pla"sptié flowage" deformation
that disrupted and often obliterated ‘bedding. He recogriised
that the Hare Bay thrust fault had transported the White
Hills Peridotite and the'u'nderlying aureole rocks as a
}arge "decke" or sheet for a minimum h,orizohfal distance of
18km. He also noted the St. A_nthon_y (thrust) Fault Hl’;iCh
separates the Goose Cove Sch t frok the underl ing Maiden
Point Formation sout;,h St. Anthony. He rec[gnised_the
regional northeas’t—‘soﬁfhuest structuvral trend, and noted
the abse_nce of large 'scale st’ructures in the Goose Cove
Schist, and that tr;e struct.pr,es in the overlying peridotite
pre-date the regional structure. | .

Rodgers and Neale (1'963)'recognized the significance
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of older rocks above younger ones, They suggested that the
Bay of Islands and Hare Bay Allochthons were large
webtward-tra'nsporte& klippen with a source region east of
White Bay, |

Stevens (1967) believed that the White Hills
Peridotite was a transport;d pluton capped by a roof
pendant (the Cape Onion Formation). This theory was later
modified by Williams (1975) who mapped the Cape Onion
Formation as- a separate slice and suggested it may once
have been the top of an ophiolite.

‘ Tuke (196 8) recognised that the Goose Tickle Formation
rested disconformably on the Table Head Formation, and
modified Stevens' (1967) date of final\F.(alloghthon
emplacement from Caradocian to Llanvirnian, He demonstrated
the tectonic contact of the "Eastern Sequence" (inq_l'uding
the Northwest Arm, Maiden Poi;n: and Cape Onion Formations,
and the St, Ant}_xony Complex) above the "Western Sequence"
(1heluding the Khite Islands Formation, St. George Group,
Table Head and Goose Tickle Formations).

Tuke (] 968) postulated a no}'thwesterly sense of

allochthon mo'vement pased on slickensiding énd southeast- -

dippingi fold axjal surfaces. .He further correlated the
Haiden Point Formation with the Fleur de Lys Supergroup and
suggested that it formed the roof of the peridotite.
Williams (1975) also gquated the Maiden Point s\dndstones
with the Fleur de Lys~clastics of the qréy Islands in

northern White Bay (Kennedy et al., 1973), and further

.
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correlated the Maiden Point Formation with the Summerside
Formation of the Humber Arm Supergroup. Stevens (1970)
correlated the Maiden Point and Northwest Arm Formations
with the lower flysch unit and middle carbonate unit
respsectively, of the Curling Group (Bay of Islands) and
noted the absence of tﬁé upper flysch unit at Hare Bay (the
easterly-derived Blow-Me-Down Brook Formation of the Bay of
Islands Allochthon),

Jamieson (197 9) noted that the Maiden Point gabbros
are sill-=like in form near the top of ﬁhe Maiden Point
slice on the nérth shore of Hare Bay and at St. Anthony,
Cape Onion and Quirpon.'She noted that the gabbros are
locally deformed along faults and in small shear zones, and
'that cleavage in the sandstones often does not bass into
the intrusions, These observations ;éd her to agree with
Cooper's (1937) intefpr;tation that deformation of the
Maiden Point Formation had already begun when ‘the‘gabbr'os,qu

-,yeré intruded. ‘Jamieson {1977) demﬁnstrated a

petrographic¢al -and geochemical link between the Maiden

Point gabbros at Partridge Point:\ﬁhe Cape Onion Volcanics

and ghe,Ireland Point lecanics, a suite of undétormed
calc-alkaline basaltic.pillow lavas and pyroclastic ropk&
She‘inte}preted thése. together with the Maiden Point

-gaﬁbrbs_at Quirpon, as forming an originally comagmatic
igheous suite prior to emplaccmeng.

- Stevens (19705 suggested a late Arenig age fof the

first mbveménts of the ophioclite and concurred with Rodgers




and Neale's (1963) hypothesis of final emplacement of the
allochthon by gravity sliding. He maintained that the
. - ‘

ophiolite éontrolled emplacement by successive peeling of

underlying slices from their substraté. He further
g (]

_ Suggested that the ophiolite was partially exposed during

final emplacement 8ince it provided material to the

easterly derived flyscH of the Goose Tickle Formatiom

Dewey and Bird (1971) noted the similarity between the

garnet amphibolites beneath the ophiolite of the Humber Arm
and Hare'Bay a{loéhthons and interpreted these rocks.as

transported Fleur de Lys_Supengroub equivalents, This

correlation -was also described by Smyth (1971) who referred-

to similar. lithology and strugture in the Eastern Sequence
of éhe Fleur de Lys Supergf&up. Church and Stevens (1971)
postulated, that if conpact aureoles imply high-temperdiéré
emplacement then they could have been emplqged in one of

two ways: gither~direct1y onto continental mérgin 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 cohtinental
‘margin, . '
Smyth (1971; 1973) and Williams and Smyth (19735
detailed the structure of the Hare Bay allochthon. They
reasoned that the aureole was formed at an early stage

because foliated aureole blocks are found in melange zones.

Williams and Smyth (1973) suggested that the

aureole/ultramafic contact was the level of earliest
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detachment. They further suggested that the aureole
protoliths probably consisted'of tuffs, ag‘glo'merates,
pillow lavas, minor-black pelites, thin recrystallized

limestones and lqcal psammites. Smyth (1973) noted that in

-the 'basal part of the Goose Cove Schist, exposed on Fishot
'Igland. deformation has not obliterated the protolith which
_consists of graded greywéckes. Metamorphosed interbedded

__agglomérate, tuff and #orphyritié pillow lavas are also

recpgnizable here. In the Goose Cove area, with decreasing
d;stance from the overlying pe;idotite, the intensity of
defarmation dnd grédé of metamqrphism increase obliterating
orlgiqal'liihologiea within the Goose Cove Schist (Smyth,
1973, and Jamieson, 1979) which passes structurally upwards
1nto the Green Ridge Amphibolite. The amphibolite lies
structurally below the Hhite Hills Peridotite west of Goose
Cove Hhich forms the highest structural slice iq the Hare
Bay Allochthon. S ‘
Shyth (1973), _Hilliam.s_& Smyfh (1973) and Malpas et

al., (1973) noted the inverted netamorphic sequences at

.Hare Bay and suggested that the genesis of garnet
. ' : v

amphibolite during'obq?ction gould be cqnsidered
alternative to the prodﬁétlon of blueschists along a
Beniorf zone. More recentiy the dating of hornblendes from
the aureole rocks led Dallmeyer (1977) to suggest that

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

m.y.) than at the Bay of Islands (46025 m.y.). He
o .

postulated that this diachronism was perhaps due to the




ophiolite being closer to the continental margin in the
Hare Bay area. .

“ » .

Detailed work in the last\decade has been carried out
by sev;ral workers, Smyth (1973) and Williams and Smyth
- (1974) described the different tectonic slices that
comprise the allochthon and their structural stacking
order, in an area south of Hare Bay, while Williaps et al.
(1973) reported on the area north of Hare Bay. Williams and
Smyth (1n press) mapped the entire allochthon and adjacent
autochthonous rocks. DelLong (1976) mapped the Cape Onion
Formation and analyzed the geochemistry of the pillow
basalts and gabbros. Jamieson (1979) analysed the’
dynamoéhebmal aureole beneath the HQite Hills Peridotite
north of Hare Bay around Goose Cove in order to interpret
the protolithic material of the a&rgole rocks based on
,detailed geochemistry. She analyzed the metamorphic
petrogenebis‘and the pressure/temperature.gradients of

these rocks with 2 view to modelling the metamorphic

conditions during emplacement of the peridotite. Talkington

(1981) has worked extensively on the Hhite Hills Peridotite

in an attempt to understand the petrogedesis and the
pressure/temperafure conditions pertaining to the evolution
of . this deep-seated mantle tectonite. Talkington & Jamieson
(19{9r based on théir oWwn work and ochrs, have produced a

short Synthesis on the geology of the St. Anthony Complex. -




Structure of the Hare Bay Allochthon

The Hare Bay Allochthon consists of six major ;hrust
Slices as defined by Smyth (1973). -These slices may or may
not all be present in ény one section through the
allochthon, but the. stacking order of slices is never
variea (Williams et gl., 1973).

-On Quirpon Islgnd th§ lowest unit in the Allochthon,
the Northwest Arm‘Slicg, is missing, and 1n§tead’the second
unit, the Maiden Point Slice, comprising the Maiden Point
Formation, rests directly on autochthonous.rocks of the
Goose Tiékle Formation of Llanv}rn'age. This defines a
lower age limit for emplacement of Lhe aliochthdn.zThe
White Islandstormation forms the lowest and
chfonologically oldest autochthonous unit 4km east of
Quirpon Island, It is bf possible Ear;y-Cambrian or Late
Precambrian age (Williams a?d'Stevens, 1969) and rests
stratigraphically beldw the Goose Tickle Formation.

Three structural units found above the Maiden Foint
Slice s&uth of Hare Bgy and at Cape Onilon are missing in
the Quirpon section, These are the Croque Head, St, Julien.
Island and Cape.Onion Slices (Sﬁyth 1973) (Fig. 2, located
in back pocket). Instead, the Maiden Point Slice on Quirpon
Island {s juxtaposed with the Goose Cove Schist which forms
the Highest st;uctural slice in this section of the
Allochthon. quthuegt of Goose Cove (in structurally

“ascending order) the Goose Cove Schist, Green Ridge

- 1
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' Amphibolite and Long Ridge Metagabbro lie structurally

* below the White Hills Peridotite (Jamieson, 1979) (Fig. 2),

which togeth;r form the White Hills Slice. West of Goose

Cove the Goose Cove Schist is in gradational structural and

metamorphic contact with the structurally lower Ireland

Point Volcanics (Cooper, 1937; Jamieson, 1977; 1979; -

interpreted as having formed from tﬁe deformation and

metamorphism of the Ireland Point Volcanics and the Maiden

’ Point Formation (Williams & Smyth, 1973; Talkington &
Jamieson, 1979). ' '

Theé Maiden Point Formation is separated from the

undérlying Goose Tiékfe Formation by a spaley melange zone

contéining sloughed off and sheared blocks of both

Maiden Point Formation by a well defined ductile shear zone
that appears to be developed mainly in myloNitized
sandstones of the Maiden Point Formation, -

Analysis of the rocks on Quirpon Island is necessary

because there i1s no recent work which deals with tpe‘

detailed structural geometry of the lower part of the Hard
Bay Allochthon. -Relationships between deformation and
metamorphism (an important aspect of éhe orogenic evolution
of the terrain) have also been largely ignored. Further,

inconsistencies exist in available literature, e.g. b&tueen

Church and Stevens '(1971) and Williams (1975) -

intenpretatiqn 6f the top of the ophiolite, and between

12

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

formations., The Goose Cove Schist is separated from the

3




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

and Smyth's (in press) interpretation of the. White Islénds
Formation. Also many workers have ignored the availabl'e
geophysical evidence as a tool for interpreting subsurface
geology and for delineating the seaward extension of the -
Allochthon, Ehis thesis provides the first deta}led‘
geological "’ map and structura; description and

interpretation of Quirpon Island.




CHAPTER 2
THE AUTOCHTHON
Introduction

Thf autochthonous rocks in the area of study consist
of two sedimentary units, These are the coarse sandstones
of the White Iélands Formation of possible Early Cambrian
age (Tuke, 196Bf, and the calcarequs(flysch of the
overlyiﬁg Goose Tickle Formation of Llanvirn age (Tuke.
196 8; Stevens, 1970; Smyth, 1973). Throughout this thesis
the reader is fdvised to refer to Figure 1 (located 1in back
pocket) which indicates the posit{on of all places and
localities referred to in the teﬁh

The White Islands are a group of three small Visl'ands.
.the largest of which is 1km long, situaﬁed 4km east of
Quirpon Island (Figs. 1 & 2, locayed in back pocket). Tuke
(196 8) noted the occurrence of about 700m of white
sandstones on these islands and correlated them with other
occurrences in Labrador and Canada Bay that belong to the-
Bradore Formation. Outside therstudy area the sandstones
are exposed along the southern Labrador coast areound
Bradore Bay where th_ey rest unconrt‘\ormably bn Precambrian
basement of Grénvillian age (Smit, 1971). Betz (1939 and

Smyth (1973) also noted an unconformity between the Bradore .

Formation and the underlying rocks of the Long Rangff

!




Complex south of Hare Bay. Williams and Stevens (1969),
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 Formation. Since,

at present, there is insufficient evidence to place these

.
)
-

rocks in one ‘of these three formations with any certaint;,
it is nggested that the §andstones be termed the White
Yslands Formation, although the-base and the top of the
formation are not seen. This .name will be used 1in
discussions throughbut thélpresént work.

‘The Goose Tickle Formation, a northeaSterly-derived
calcareous flysch (Tuke, 1968; Stevens; 1970; Smyth, 1973),
is exposed t}tensively on the mainland gfound Quirpon
harbour and occurs as inliers on Quirpon Island, It is seen
lying‘disconformably above the carbonates of the‘'Table Head
Formation at Schooner Head (Tuke, 1968) and southwest of
Raleigh (this author). The top of the Goose Tickle
Forma{ion is marked by 'a tectonic contact with the

overlying-allochthonous Maiden Point Slice. The éoptact

zone consists of}several métres'of highly sheared, - rubbly,

cleaved'shale..

Several majjr ;nitsoare missing between the White
Islands Formation and the Goose Tickle Formation on
Quirpon, These tnclude, from oldest to youngesat, the
Forteau, Hawke Bay,‘ﬁarch Point, Petit Jardin, St. George

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

complete sections south of Hare Bay (Smyth, 1973), *




Whtte Islands Formation

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

.5mm diameter), clean-washed, white quartzites with pink

feldspar forming up to 30% of the total grain cohtenb The
beds vary from about 0.5m to 1m {n thickness and are all
massive with sedimentary layering picked out by small
variations in grain size and feldépér content, Sedimentary
structures guch as cross-bedding and grading are absent in

outcerop, however micro-cross bedding, defined by black

laminae, is seen in fallen blocks. The quartzite exposed

on White Rocks, some small supratidal cliffs 1.5 km west of
the White Islands, contains thin magnetite-rich lenses ( H.

Williams, pers. comm., ).

Shale
c .
A single shale band approximately 10m thick, occurs in
the sandstones on the east coast of the main i1island. The

shale is dark grey, miba-rich and finelyaclbavpd, making it

‘very friable. H. Williams (pers. comm.) found the eastern

edge of-the shale to be rich in talc, It contains numérous

rodded and flattened pods of quartz and wherever the shale

15 silty it contains boudinaged veins of quartz g brown-

coloured-calcite. These boudins are often*j verely

disrupted and broken into gravelly, sub-angular pieces,':
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giving a spotted appearance to the shale. Possible shale
rip-up clasts ‘are.fynd east of the sh'ale in the adjacent

sandstone which suggest that' the sandstone youngs

eaatwar&%eds dip moderately to steeply eastwards between
6

45° and and are cut by a single, strongly developed

fracture cleavage which di-ps more steeply eastwards at

>~

about 809,

Petrography

Strained quartz, fresh K-feldspar. (largely microcline
with les/s,ef'i:icropert}rite), minor amounts of’plagioclas_e
(An3‘l‘),’/and rare, small .pérticles of opaques form the
constituent grains of the quartzite. .Quartz occurs either
as single, strained grains or, rarely, as polycrystallineﬁ
agéregates of strained grains with embayed and scalloped
grain .boundaries. ) B

,vGrains are mostly sub-rounded tl:o,,well;rounded, the
larger grains being best roundtd and occ;asionally showing
fairly pronounceg -Sphericity. Smaller grains are sub;
rounded to sub-angular, %ere is a considerable range in
grain si;e (‘1-5mm) "wl}\ichr masks a poorly developed
~ bimodality. The text,uiretia}ubwacke, grains being bo't’h
. matrii and grain Sﬁpporied. The x;qtrix, which may form over
503 of the total rock, consists of sericite and lesser

amounts of recrystallized microcrystalline aggregates of

-~
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quartz and feidspar, with minor fine-graine& interstitial
subhedral grains of carbonate indicative of some minor late
stfage replacement.

"The sericite matrix rorm~s a strong fol}ation wrapping
around the constituent g}ains. R»ecryst,allized quart.z forms
f‘ine-grained blebs in the pressure shadows of some detrital
quartz grains; \where these blebs are still in optical

contact with the old! grains they form digitate-lik_e

structures in the pressﬁreshadous. Where grains touch, the

grain boundaries are commonlx embayed 1nd1cat1ng that
pressure solution has operated The contacts are now sites

for recrystallized grain material or seric.ite.
vGoose' Tickle Formation )

Cooper (1937) described a thick unit of slates and
calcareous shales at Goosé ‘Tickle at the head of Hare Bay
which he name;! the Goose Tickle Slate., Betz (1939) named the
.;ame unit the Englee Formation at Canada Bay. The name
Goose Tickle Formation was proposed by Tuke.(1963). At the
type section about 300m of strata are exposed (Sfevens,

1970) and about 500m in Pistolet Bay (Tuke, 1968). The

Goose Tickle Formation is exposed on Quirpon Island in a




found in Quirpon hér,bour, on Vincent Island3 Jacques
Cartier 1Island and on three of The Islets, _Extensive
outcrop occurs along the harbour shore from at lgast south
of Jacques Cartier Island in the west to Cobbler Island in
the east, | 7 |

The Goose Tickle Formation lies in siructurai contact
below the l;aiden Point Formation. The contact is a major

structural discontinuity which is defined by a shale=rich

melange zone several metres wide that contains tectonically’

rafted clasps of both Goose Tickle and Maiden Point

Formation lithologies. The melange formed at the same time
as large Sca[e pre-cléavag.e isocl_inal folds in both the
Goose Tickle and Maiden Point' Formations and is related to
Juxtaposition of the two units during emplacement. The
bottom of the Goose Tickle Formation is not geen in the

Quirpon area, . ';S"

The lithology consists of alternating buff-weathering,

grey/green, fine- to medium-grained calcar;eoﬁs sandstones
and siltstones with finely cleaved black ahalyve. usually
with either sandstones or shales predominating, Both shales
and sandstones are cu.t by a steep east-dipping cl‘eavage
that is axial planar to tight toisoclinal 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 assoclated with

an axial plane fol:@ation. The whole formation has suffered

19
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considerable 1nte'rnal disruption of lithologies during
emplacement of the o.verriding thrust slices (d. f. C‘ooper,
1937). Tectonism has caused boudinage of sandstones in
areas where less compé.tent shales dominate. A cdhsdsgen't
strdtigraphy of the formation could ndt be determined

because of the effects of deformatlon.

\

o)

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 cycles., _- The
beds have maasive, graded bases with occasional scour-—and-

fill features and sharp contacts against underlying s;xale

a

. or silt, passing up into a plane bed stage and occasionally

"into climbing ripples (Plates 182). Beds with rippled tops

commonly show convolute laminations. These features are

bést developed on rock D. of The Islets where at 1east
eight;, Bouma cycles can be observed (Pldte 2a). Minor sméll -
scale slump folds were also obaerved in one or two
localities. The siltstones most - commonly show millimetre
laminations with no detectablée grading, and may show micro-
rip‘ples,,micro‘-clirmbing rlpplea; micro-loading ;a_nd

convolute %.;gmlinae.




Plate 1a

Graded bedding and ripple—laminated tops in
sandstone beds, Goose Tickle Fm. .

Plate 1b

Bouma cycle, coarae, graded base, massive
undifferentiated centre and climbing ripples
a4t top. Note loading from base of rippled
top, some loads have become detached and
rest in the massive centre portion of the
bem Goose Tickle Fm.







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. of the Islets

Plate 2b

Small Scale lahinated soft sediment folds,
Goose Tickle Fm., Quirpon harbour
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"Shales

The shales are commonly grey or black pyritiferous and
finel& cleaved showing few or.no sedimentary structures.
Small scaie bedding laginations are occasionally seen in

the field but are mostly ébliterated by the development of

an_ihtense cleavage and the éffects of late stage brittle .

" movement along cleavage planés.’

[y

Petrography

up to 90% of the constituent gr;ins in the séndstones
consist of quartz, mostly -of single strained grains.
Numerous altered volcanic fragments occur preserving
'randomiy oriented fine lafhs'of‘plagioala§e as.we}l as
several grains of fresh to pértiélly sericitized

plagioclase (An33). Grains of K-feldspar (microcline and

.microperthite), small opaque shale clasts, small laths of

muscovite commonly bént‘around larger grains, and rare
“grains of fine-érqfhed chlorite are ‘also found (Plate 3).
Accei!ory'mingralé occur also, éuch 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)g'Shbangular fo.subrounded with‘either poorly
'developed bimodaiity or gradations in;grain size. draina

are generaily poorly roundéd and rarely approach any degrge

£
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Plate 3

Photomicrograph of Goose Tickle sandstone.
Constituent grains are strainmed quartz (up
to 90%), K-feldspar (dark grey), altered
veolcanic fragment containing laths, of
partially sericitized plagioclase (lowe’
centre) - and elongate grain of
microcrystalline chert (centre rightL

_ Specimen #6- 9-10)

-
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of sphericity. The texture is subwacke since grains are
'mostly“mgtrix-supported. However, where some grains touch,

- pressure solution features have developed.

Matrix

Between 25-50% of the total rock 1sumétr1x mat:efial,

consisting of colourless microcrystalline chliorite, and
fine- to medium-grained subhedral carb;nate in varying
prbportions;’phe carbonate ;lways replaces the chlorite,
There is wide Sread minor al-terat.i_.on» of chlorite and of

some plagloclase grains to stilpnomelane,




CHAPTER 3
&

.

THE ALLOCHTHON.

e

vHaiden Point Formétion

Cooper (1937) used the .name Maiden Point Sandstone to
designate a 2200m thick aeqhence 6f~élastic sediments aiong
the'south‘shofe of Hare Bay. Tuke (1968) reﬁamed ihe_unit
ﬁaiden Pé;nt.Formatlon because he obserred that sindst;nes‘
‘comprised only 50% of the unit, He described a type sé&tion
200m thick in the Hare Bay area of uhich the lower 150m
consisted of'lavas, agglomerates,ltuffs and minor
" ultrabasic 1nt;qsions._Betz (1953) proposed. the name Canada
Head:Formation for similar roéks in. the Canada Bay area

uhichiwilliamqgand Smyth (in press) correlated with the
“Maiden Point Formation, Cooéer (19375 ndted that lava and
tuff were interbeaded with the sédiments. and dioritié and
gabbroic sills and "plugs have also been noted in
~as8sociation and 1included as part of the Maiden Poinﬁ
'Formatiéh by Williams .and Sﬁyth (inhpress% GabbroA
intrusions are‘commoﬁ within the Maiden Point Formation on
T_Quirpon Island and, because théy are restricted to»phe unit
are included in it T .
The Haideq-Point Formation 1s exposed on Quirpon

Island and Jacques Cartier Island and is aertally the most

extensive formation. It consists_of steeply eagtuard-

l‘i
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"Pigeon Cove to Dumenil Point and from Pigeon Coyg;@ggeaét

dipping psammites, semi-pelites and minor shales associated

with several bodies of variolitic pillow lavas and massive

° L.
diorites of basaltic composition. The basalt* outcrops are

lensoid in form, the two largest extendiﬁk from west of

I

T e
of Merchant Island, respectively. Both of thesSefdmits are

v.
3km long and vary in thickness from about 10m to over 30m.

The sandstones host several small bodies of gabbro uhich

l vary in form from lensoid, subconcordant, sill-like bodies,
. / .
to more strongly discordant small intrusions, Contact -
reiations are not consistent, Shouing in places the
O . ‘

- development of nérrow thermal contact aureoles, tectonised

margins or both (Plate 4a5. The sandstones are cut By
several‘sqéil (few Fm) to lakge scale (tens og metres)
intraformational shear zones ontaining-rubbly shale,
which, at Degrat Harbour, Sheep I'siénd and Degrat Island
cause considerable complex disruption and mixing of

lithologies. _ ) , .

. N
L]

Psammites and semi-pelites
I

The sandstones ére mostly buff-weathered, massive to
‘crudely lhyered and medium- to ;ery coarsg-grained; in beds
0.5 to 1.0m thick. They cg;moniy ?ontain small black shale
rip-up clasts. The sand grains are mostly of quartg

characteristically of sﬁdky or blue varieties, seen very

s
- 4 . 27 7 .
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Plate 4a .

Gabbro (left)/sandstone (right) contact in
the Maiden Point Fm. Contact parallel to
strike of beds. Sandstone contact auregle
contains metamorphic stilpnomelane and is
slightly deformed

" Plate b
Pegmatitic pockets of coarsely cryétalline

plagioclase- in finely .crystalline gabbro
body, Maiden 'Point Fm., Pigeon Point ~
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reworking (Plate 7b).

distinctly 1n t.he coarser beds. Blue quartz 1s commonly
associated with deforrﬁed quartzites 1n medium grade
metamorphic terrains and is a typlcal feature of the Fleur
de Lys Supergroup (T.J. Calon, pers.(comm.). Hinor amount s
of feldspar show as white grains.

Sedi_mentary st’ructures are mostly obliterated in
places: where beddihg and'cleavage&are pa';allel, but are
often preserved where a-mo‘der‘ate angle is developed between
bedding and cleavage. This condition occurs in the

northeastern hart of 'the island between Pigeon Cove and

ﬂLi'ghthouse Cove. Here grading i1s apparent in some upright

.b'eds together with loading, scour and fill structures and

occasional ripple crossfbeddéd tops (Plates 9,6 & 7a), One

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

sandstone rolled rip-up clasts indicative of soft sediment

Small sand volcanoes 5- 10cm across were occasionally
seen on- upper bedding surfaces north ot‘ Pigeon Cove (Plate.
8 n places these are associatedc with numerous white
burrow-like structures developed;n/ormal ‘to bedding. Thes‘ei
features are commonly seen in mhssiivle beds throughout the
sa-ndstones and. are théught to be dewatering structures
which ciosely resemble the type D or atres;l pillars
described by Lowe (1975), (Plate 8b). He 'suﬁgested that

these structures may represent flow paths ot‘"part‘iaI or

complete fluidization in a sediment undergoing hy¥droplastie

‘shear. In the'Maiden Point Formation sandstones they are
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Plate 5b ’ ‘§~\J2/~\

Plate 5a . T | -

Graded sandstone 'bed showing parallel -
laminations and load structure at base,
Maiden Point Fm.

Cross—bedded. and 1daded siltstone (pale .
band) overlain by massive coarse grained '
graded sandstone bed; Maiden Point Fm.
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Plate 6a L ) : . .

Basal view of lIoad structures developed by’ o o
coarse sandstone in black ahale, Maiden ]
Point Fm., Colombier Cove )

Plate 6b

1
e

‘Basal view of combined loading and flute
structures (bottom right), Maiden Point Fm.,
Colombier Cove







Plate 7Ta - - -

Croas'bedded white sandstone band in
massive, unbedded dark sandstone bed, Maiden
'Point Fm., Dumenil Pt. )

Plate 7b
' Fine laminated. siltstone/sandstone rip- up

clasts in a massive sandstone bed, Maiden
Point Fm., Colombier Cove
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Plate 8a : !

Sand volcanoes (approx. 5-10 cm across) on
upper bedding surface, Maiden Point Fm.,
north of Pigeon Cove

Plate 8b

Burrow-like dewatering pillars resembling
type D or stress pillars (Lowe, 1975) which
formed by hydroplastic shear during rapid
deposition. Note that 1) the pillars are
developed only. in the centre portion of the

‘bed, and 2) plllars are truncated at the

bottom but have ragged upper surfaces.
Crinkling of the pillars is related to
horizontal movement of fluidized sediment,
sediment compaction during consolidation and
probably by later volume reduction
associated with pressure solution type of
deformation, Direction of younging not
known. Maiden Point Fm.,, Pigeon Cove
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developed only 15 the central portiona of “the beds and are
never seen to extend c ther to the bases or the tops. They
are commonly crinkied ihicﬁ may bc due in:part to the
horizontal movcmenthf the fluidized sediment (Lowe, 1975),
sediment'combaction. and probably by later volume reductions
(dilational strain) during defé%mation.

E Sandstones occasionally grade into strongly cleaved
shales which usually occur as thin beds’ and as ramifying'
,kintercalations in the aandstdnes and have accommodated much

- of the deformacion. Domains rich dn shale have commonly
developed into significant intraformational rubbly shale
shear zones, .for example at Colcmbier Point and Degrat
Harbour (Plate 9). The relative incompetpﬁcy of the
_tectonized shales has resulted in sevcre disrupticn and, 1in
some instances, boudinage and rotagion'of thefaahdstone
“beds into parallelism with thq/cleavage in the shear zones

(Plate 10a). These zones may reflect original shale- rich

boulder conglomerate horizons,

Pétrography

<

Quartz grains form 907951 of the sandstones and are.
associated with microcline, micro;erthitc, plagioclase (An
31-35>{ microcrystalline chlorite, miagr shale'flakes;
muscovite and opaques, Plagioclase occurs as smaller, moref

numerous grains but in terms of volume percentage is

usually less common than K-feldapar. The'sorting'is
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Plate 9a

Small scale intraformational mélange'zone
developed in a shale band, containing
angular pieces of sloughed -off sandstone

from adjacent beds. Note that cleavage (S2)

and bedding are parallel, Maiden Point Fm.,
west coast of Quirpon Island -

Plate 9b

" Large scale intraformational shaley melange
zone containing large boudinaged blocks of
sandstone sloughed off from. adjacent
sandstone units. Note that boudins and
sharp edge of melange 20one are parallel to
the cleavage (32), Maiden Point Fnm,,
Colombier Point ‘ '
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‘ Plate 10a
.Small-scale shear zone. Interbanded shales s ,
and sandstones result im neecking, boudinage A . ;
and rotation of sandstone beds in the less T :

competent shale.,, Note that the cleavage
' (S2) is parallel-to the rotated bedding,
o ; : Maiden Point Fnm. 0 ' T

Plate 10b - , : .
Brecciated pillow lava at a sheared

: sandstone/pillow lava contact, Maiden Point
T . Fm., west coast of Quirpon Island - '







‘moderate with grains in each studied‘specimeri ranging from
fine silt (<0.5ﬁm) to fine gravel grade (2-4mm)., Grains are
sﬁbangular to subrounded, the larger: gra'ins being well
rounded, .

Quartz cbnsvists of both single and polycrystalline

strained grains, the latter showing a range of

. ] .
microstructures from equilibrium foam textures to rare

ribbon quartz, The‘dominant sedimentary texture Ais"‘
subuacké,'the grains being lérg‘ely matr".lx'-supported. The
‘matrix material, which may form up to 60% of the total
rock, consists of colourless to.pale green chlorite with
lesser. sericite which together form the penetrative
foiiat:lon. 51, Partial sericitization of the feldspars 18
common, 'prticularlr in sandstones from the contact
aureoles of the<gab-bros. Very late stage parbdnate was

observed in on-'e specimen as fine anhedral crystals filling

cracks in the grains.

Pillow Lavas

\, FPtllow lavas occur as lensoid bodies within the
. sandstones, though Daly 51903) ‘ plac‘éd them
st'ratigr\a'phically above the Maiden Point sediments, They
alsc; occur as large blocks from a fe\g metres to tens of
metres "acr:oss_associ.atedi with intraformétional shear zones
on ;l‘:he soﬁthern parvt ot‘fQ,uirpoh Island and' at Degrat’

Harbour. Contacts wit.h' the sands;,‘ones are generally poorly.
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exposeq but appear in /severul places to be modified by

"differential movement between the two litholrogies resulting

in _thé formation of broken pillow lavas (Plate 10b, fécin_g
p.36). ‘ Y /
> \ N
' The margins of the pillow lava bodies are generally
4
deformed and carry a crude foliation, but the main parts of
the large bodies generally contain pristine undeformed

plllows., The tuo large bodies on Quirpon Island which
L

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

west Pigeon Cove to east of -Merchant Island‘ are probably
yolcag_ic flows in conformable succession with the
sandstones, The smaller bodies may be aeriaily restricted
minor flows that have been mudif‘ie,q during deformation to
form elouéate lenses with deformed margins. -

The pillow lavas are green to grey, weathgring to.a

buff col.oui', and .form‘very distinct, ’fresh-lboking-pill‘ows

which vary in shape and size from sub-spherical struet,ures_ .

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

\

‘tubés 3 to 5m' lorig and up to 1. 5m wi'de. as seen 1n north

Degrat Harbour. One possible way up structure was seen in

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

t‘lou" structure wvas 'observed in a pillow bud suggesting»

that here at least the lavas are upright and ‘young

' eastwards (Plate 11b). The- pillow lavas are much affected

by carbonate alteration, the pillow co‘ntacts'being sites of

. veining and the. pillows themselves offen being nef veined.

One or two rare ve’ins of Arho/docros té with 'c_al‘cite' :_and"

38
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Plate 11a

Fresh-looking variolitic pillow lavas,
Pillows range in shape and size from sub=-
spherical structures 0.25 to 0.5m wide to
elongate lava tubes 3-5m long and up to 1,5m
wide, Maiden Point PFm., north of Degrat
Harbour : ’

Plate 11b

Puncture-and-flow "structure in a pillow
frozen as a new pillow buds off (top
centre), Maiden Point Fm., north of Degrat
Harbour ‘ .







chlorite were seen in the pillow lavas on Sheep Island. .The

pilloﬁ lavas on Degrat Isiand are characterized by being
amygdaloidal and non-variolitic. They are also unique in
. being intruded by several narrow (0.5m wide) discontinugus

14

dykes of diabase.

'K

Varicles and rafted aediment‘s

\

-

The pillow lavaavaré'characterized by the development
of grey/white.sub-spheric_al varioles (the originald
variolitic material is now mostly altered to epidote) which
range in diameter f‘rom‘1 or 2 ﬁm to 1 c.m', very rarely
reaching 2.5 ‘é,m. The varioles are usually smallest near the
pillow margin, coarsening and ‘Qoagu'latin.g towards the core
‘which uSuai_ly c‘onaists entirely .of variolitic material
,(,Plate 12). The piillows may or may not be vesiculated
where varioles are absent. Hinor amounts of‘ black,
_calcareous lahinated che;t occur between some of the
pillow lavas. These appear»to have been disrupted and
Vraft.eﬂ during vo]:ea‘nic ‘ext}usion sihce‘théy r-eat in
uncleformed pillow lithologies and bedding laminae are
‘truncated against t.‘he pillows.

B - L )
Pillow breccia
) #~.
Hinor 1enses of . pillow breccia occur in some of t.he

’ flowa. e These consist of fragment,ed angular pebble- and




B © Plate 12

l AR - Detall of contact between two pillows to
! : - . 'show <calcite veining at contact and
coagulation of sub-spherical varioles
o towards the pillow centres, Maiden Point

’ Fm., north of Degrat Harbour ‘

—
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cobble~sized clasts of pillow lava in a finely comminuted
calcareous matrix (Plate 13). The boundaries of these
lenses wiah unbrecciated pillows are hiffuse and

gradaéional.

Massive basalts

Unpillowed massive basalt flows are assbciated with

and usually situated on the eastern Jid s of the pillaw
lavas, for example on the east side of tﬁe large flow
.betHEen_Plgeon{QOve and Merchant Island., These are
’ green/gfey wéathering tb a buff. colour and are non-

variolitic and non-vesiculated.

o

A small diffusely-bounded body pf medium to coarsely
drystalliné,iheterogeneous‘calcareous light green tuff is
exposed on the ;ouéh?ast tip of Quirpon Isiand. It contains
pillow clasts near contacts with pillow lava and numerous
rounded pebbies aﬁd cobbles of an éutobrecciated nature.
It also‘hosts a xe;olith of recrystallized, folded and
cleaved shale end laminated silt band about 0.5m wide. The

tuff .is cut by a northwest-southéasi-trcnding diabase dyke,




S kon )

e T e

e M s e Tt e TR, e

Plate 13

Pillow autobreccia in a pillow lava.flou.

Note fragmented angular pebble- and cobble-
sized pillow clasts resting in a finely
comminuted calcareous-rich matrix, Maiden
Point Fm., central Quirpon Island
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Petrography

The pillow lavas have a completely devitrified and

altered ground mass of fine-graihed chlorite (largely

" penninite) felted and/or acicular actinolite, often

associated with hornblende (with rare piemontite cores).

Th'e amphiboles are associated wi%h fine-grained anhedral

8 I
crystals of sphene, subhedral to anhedral ‘clinozoisite,

carbonate, and rare zolsite. In one section ‘several
cbmminuted pieces of shard material were seen. Abundant
pseudomorphs probably after laths of plagioclase are common

(Plate 14), The pseudomorphs are often partially replaced

.associated with acicular actinolite overgrowths and/or by

chlorite and sericite with minor amounts of fine- grained
anhedral green biotite.

Yarioles and vesicle; have indistinct sub=spherical
outlines and have variable modal mineral compositions

usually involving an association of microcrystalline

'quarkz, chlorite, éuhedral crystals of clinozof'site and

anhedral carbonate. any one of which may be dominant (Plate

15). Varioles may contain randomly oriented "dusty"™

1

feathery microliteslnow bgeudomorphed by fine grained
sphene (Plate 16). : , . -

Specimen; retrieved from the masSive basalt flous do

not have vesicles or varioles but have otherwise similar

petrography to the pillow lavas,_so a description Hill not

be repeated here. However, it should be noted that the




Plate 14

Photomicrograph to show sericitized euhedral
pseudomorph after plagioclase in porphyritic
and vesiculated portion of Maiden Point
pillow. lava. Note circular sericite=filled
vesicles, Matrix of unfoliated devitrified
microlitic material "(crossed polars),

(Specimen #4-T-4) , , N







Plate 15a - S

Pnotomicrograph of vesiculated Maiden Point
pillow lava. Vesicles filled with slightly
sStrained ™" Talcite showing extensive
deformation twinning., Matrix of unfoliated
devitrified microlitic material (crossed
polars). (Specimen #15-7-2)

“ Plate 15b  * .

Photomicrograph of vesiculated Maiden Point
pillow lava. Vesicles filled with anhedral
calcite and laths of euhedral clinozoisite
(pale bluye). Matrix of unfoliated
- microlitic material (crossed polars),
(Specimen #4-T7-3) ‘ ’ '

-
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Plate 16

Photomicrograph of variclitic Maiden Point
Fm. pillow lava. Variole (dark brown)

contains randomly oriented "feathery":

pseudomorphous sphene microlites. Evhedral
pseudomorphs (after plagioclase?) filled
Wwith sericite/clinozoisite (clear)/chlorite
(pale green) associations. (Specimen #6-9-
3) : '
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qltefed matrix is coﬁmonly host to.npmerous small
phenocrysts of Ti-augite with inclusions of fresh apheﬁe.
The auéite is alteréd‘to actinolite’with chlorite along

‘cracks and is rimmed by brown to greem to colourless

hornblende and actinolite associations (Plate 17),
o ‘

Gabbfos

_Severél small gabbro 1ntrusions_oqcur‘uithmn the
H;iden'Point Formatmon séndstones, but in three places they
are situated along the contacfs between sandstones and
pillow lavam‘One'body‘bccurs1n'the contacﬁ zZzone between
the Maiden Point Formation and the Goose Cove Schist. The
ggbbros are mostly aub-concoﬁdﬁnt sill-like lensga (c.f.
JamieSon. 1979) butA may show strongly discordant
relaﬁionships (e.g. at Pigeon Point, and also at Cape
Bauld).Gabbros m;y-have well developed chilled margins and .
associated thin contaét aureo{:f in the adjacent sandstones
(e.g. North Pigeon'Cove, see Chapter 7) ( Plate 18?. The
silla commonly havé strongly défbrmed ma}gins, but
otherwise do not carr§ an 1nt§rnal tectonic fabric“(e.&
the sill at Grapnel Cove has a chilled margin and a
qorresponding narrow aureole which has been slightly
deformed) (Plate 4a, facing p.28).

The gabbros are compositionally heterpgenépus. even
within single bodies, varying}from céarsé to fine-grained,

isotropic, melanocratic hornblendites to feldspar-rich




Plate 17a

Photomicrograph of Maiden Point Fm. massive
basalt. Ti-augite phenocrysts (grey and
brown in prism section and yellow/orange in
basal sections) fractured and partially
altered to fibrous actinolite (pale yellow)
. resting in a crudely tectonically foliated
dev%tritied chloritic mntrix. (Specimen #6-
95 : ¥

Plate 17b

Photomicrograph of Maiden Point Fm. -massive
basalt. "Hourglass® Ti-augite phenocrysts
slightly altered to fibrous actinolite,
resting in unfoliated devitrified chloritiec
matrix (Specimen #28-7-1)
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Plate 18 \ .

Photomicrograph of sandstone from gabbro
contact aureole. Matrix sericite has been
completely altered to radial aggregates of
"stilpnomelane, Note fine-grained
recrystallized quartz in matrix also.
Maiden Point Fm., Pigeon Cove {(crossed
polars). (Specimen #16-7-3) :

[







ieuco-gabbros. They lécally contain small diffuse-edged

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

Pigeon Pbint) (Plate 4b, facing p.28). The sill exposed at

Grapnel Cove i3 approximately Tm wide and shows a sﬁréng

cdmpositional asimmetrf. A coar$ely' crystélliﬁe,

leucocratic hornblende/plagioclase assemblage 1is restricted

to the east side of theviill and grades westwards into a!

coarse grained hornblendite. The leucocratic portion
coﬁta;ns very‘well develgped harrisitic textures with
dehdritic clinopyroxene, altered to hornblende, grﬁuing
towards the centre of the 5111, normal to the chilled
margin (Plpte 19). The compositional variation in the sill
is probably a magmatic cumulate feature.'where mafic
minerals have settled towards the bottom of the sill,
indicatiﬁg that the top of the 3111.13 to the east,
conforming with the obsequd sedimentary way-up structures
observed in this area, The gabbros at Colombier Cove-and
Cape Bauld are cut by rare veins of rhodocrosite Qith
associated carbonate, similar to those seen in the pillow

lavas on Sheep I;lan¢

Petrography

" The matrix material consists of medium- to coarse-

grained plagioclase (An 28-32) with minor ﬁicroperthite

~with grains up to lem across. This has been variably

" altered to clinozoisite and sericite or has been replaced
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Plate 19

Harrisitic texture in gabbro sill at Grapnel

Cove, Dendrites are of clinopyroxene. Maiden
Point Fm. S . ‘
) p
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by chlorite (which often has a fib}qus decussate textjure)
and fineg;eedles of actinolite and tremolite.

'clinozoisite;uSLally occurs as nuéerous scattered fine-
grained anhedral to subhedral c%y;tals. Plagioclase‘h;s

commonly been recrystallized to fresh fine- grégned

aggregates. Numerous fine-grained anhedral crysta 's of

sphene and fresh acicular subhedral crystals of apatjfe are

common in the feldspar matrix of many thin se tipnsii
togefher with minor carbonate and fine neegies of
stilpnomelane. The plagiocldse matrix coﬁmonly contains_
fine- to medium grained anhedral to euhedral crystals of
skeletal opaques, now mostly altered to Leucoxene/sphene.
The plagioclase matrix hosta qedium— te cparae-grained
crystals of anhedral to euhedral strdngly plgbchrbic brown
kaersutite. These have optically continuous épitaxiai
growths of acicular or needﬂiljke actinolit& Minor pale
green ferro-actinolite occurs adjacent to the kaersutite
cores (Plate 20) (c.f. Jamieson, 1977). Kaersutite is often
hést to minor acicular crystals of apatite and small grains
of sphene, and is partial%y replaced along fractures or
‘almost completely pseudomorphed by actinoliterr chlérite.
In many gabbros, pale pink anhedral to euhedral‘
clinopyroxene is associated with or occcurs instead of
kaersutite (Plate 21), It is commonly altered to chlorite,
fmne;grained.sphene.’::hich may occasionally be complétely
pseudomo;phoua, and trenolité, along fractures and as
epitaxial growths. In two thin séctions clinopyfoxen‘:is

o
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Plate 20

Photomicrograph of /phenceryst of magmati
kaersutite (dark brpwn) rimmed successively
by optically contintous epitaxial growths of
‘ferroactinolite¥(green) and colourless
fibrous actinolitg. _Matrix mostly altered
to chlorite. M/aliden Point gabbro (PPL).
(Specimen #9-T7-3)







Plate 21

Photomicrograph.of phenocrysts of magmatic
euhedral clinopyroxene (blue) and anhedral
kaersutite (brown) fractured and partially
altered to actinolite (yellow) resting in a
sericitized plagioclase/microperthite
matrix, Maiden Point Fm. gabbro (crossed
polars). (Specimen #16-7-1)







pseudomorphed by paramorphic brown hornblendé with
assoclated actinolite and chlorite:

The clinopyrok%ene occasionally develops a:-poor
suboe?itic texturez but the plagiociase'laths are never
completely gnclosed (Plate 22). Clinopyro&ehé-may also
occasionally host euhedral skeletal grains of ore.minerals
and acicular apatite may be ihterpenetrative with it. The
geochemistry of the gabbros 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
(blue). (Specimen #20-7-=1) :







Goose Cove Schist

¢

Goose Cove Schist was the name used by Cooper (1937)
to describe the greenschists that occur in the Pistolet Bay
area and on the Fishot Is;ands. Tuke (1968) and Smyth
(1971) used the name Goose Cove Formation and included all
the metamorphic rocks beneath the White Hills Peridotite.
Tuke (1968) estimated the thickness of the greenschists to
be fSOm, and Smyth described afsection 110m tgick at Fishot

gcE;Island Hllliams ‘and Smyth (in press) used Cooper's (1937)
name to describe only the greenschist member of Tuke's
(1968) and Smyth's (1971) Goose Cove Formation, William's
and Smytﬁ (in press) estimate the structural thickness of
the unit to be 180m in its type locality at Goose Cove.

The Goose.Covg Schist forms -the highest éllochtnonous
slice on Quirpon iﬁland. It is an isolated part of the St.
Anthony Group dynamothermal metamaorphic ;ureole which lies

beneath the oph1011tic whlte Hills Peridotlte, south of the

study‘area (Williams & Smyth, in press; Jamieson, 1979). On

Quirpon Island actinolite, schists form the predominant

lithology of the Goose Cove Schist, The unit also contains
sheet-1ike bodies of amphibolitized metagabbro which are
exposed in a small klippe along Grands Galets Bay and as

smaller bodies which lie subconéordant toc the main

#
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fcliation. s2, on Grands Galets Head. S2 is a pchetrative'

cleavage defined by the preferred. dimensional orientation

=3
of synkinematically-grown fine-grained actinolite

. - ]
necoblasts, The Goose Cove Schist is structurally separated“

from the underlylng Maiden Point Formation by a major

duc¢tile thrust contact which is characterized by a jump 1n

metamorphic grade and a change in structural style between.

the juxtaposed rocks.

Less deformed sedimentss and volcanic rocks have been

recorded at the structural base of the Goose_Cove Schist on
Fishot Island ( Smyth, 1973; Jamieson, 1979), but this
situvation is not seen at the structural base on Quirpon
Islané though metasediments do occur within the actinolite
schists. In the. Goose Coverarea the Goose Cove Schist
passes up into the higher metamorphic grade rocks of the
Green Ridge‘Amphibolite (Williams, 1975). This unit in turn
passes up into the Hhite Hills Peridotite (HilliamsA&
Smyth, in press). However, at Quirpon Islaﬁd the Goose Cove
‘Schist does not pass up intc either of thcse structurally
higher units. The structural thlckness of the Goose Cove
Schist on Quirpon Island 1s at least 170m measured
perpendicular to the attitude of S2 in a sccticn from the
contact with the Maiden Pont Formation and the summit of

Grands Galets Head.
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Aétinolitg schists

4
.

On Quirpon Island the Goose Cove Schist consists of

& ) ‘
finely cleaved (S2) green to grey, fine~-grained, lustrous
"-actinolite-chlorite-schists, Cohpositiﬁﬁ}l layering on a

centimetre scale'i:\émmmon,and is devel'oped by varying

-

préportions of amphibole, quartz, epidote, chlorlte and-

mica; in places minor carbonate layers occur. Coarser
leucocratié and melanocratlc bands are progably
cmryﬁtallizéd remnants of diébase and /or gabBro. The
actinolite schist adjacent to the interformational mfiopite
zone, which separates the Goose Cove-Schist frbm the
underlying Maiden Point Formation, southweét bf.ﬁrands

Galefs Bay and at one pléce above 'White Point 1is
-bharactErizéd by buff ueathéring surfaces and contains
small lenses of smokey quartz from a few cem to 20cm thick
which lie sub parallel 'to the follatlon (Plate 23). These

may be highly deformed and metqmorphosed equivalents of

Maiden Point'sediments (see petrogrgphy of metasediments

below), At one place in central Grands Galets Bay the.

quartz has not completely disaggregated and-forms a 20-30cm

ﬁhick band'of white,- foliated gquartz schist parallelgto 32

which is traceable for about 10m (Plate 24a). ]
Southwest of q10us‘Cove a fine-grained, uncleaved,

light gkeén volcaniec body is in structural contact with the

schist, and on Galets Head in two places boudins

japproximately 2m x 4m) of uncleaved spotted yolbanics
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Plate 23

Photomicrograph of Maiden Point-like
deformed sandstone within the Goose Cove
Schist from the cliff base on the north side
of Grands Galets Head. Recognizable grains
of quartz and feldspar are present in the
foliated sericite matrix. Foliation (82)
runs left to right (Specimen #25-8-5) .







Plate 2Aa

Strongly foliated; disiggregated lenses of
quartz in the actinolité schists of central
Grgnds Galgts Bay, Goose Cove Schist

¥

" Plate 2ub

I3

- Disharmonically-folded and deformed grey
marble exposed in an intraformational shear
zone at the base of Grands Galets Head,
Goose Cove Schisat . ‘

-
-







occur which are cut by several carbonate veins. - The spots
are 1cm long, white, anhedral to euhedral pseudomorphs,
v

probably after plagioclase, which have been completely

sericitized and altered to _clinozoisite.
Marble

Within the predominant lithology of actinolite schist
"are found minor but d;lstinct units of calcareous
metasediments that are restricted in occurrence tc.:»,/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 Clous Cove and at the base of t;he
cliffs along Galets Head (Plate 24b). At Clous Cove the
shear zone |1is é heterogeneous chaotic mixture of
greenschist, 4metagabbro. calcareous sheared black shale and
marble, that has been isocli.nally‘ folded on a small scale,

Similar outcrops of finely laminated marble along the cliff

base of Galets Head are 1nt1m§tely 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).




Metagabbro

Metagabbro occur::. in the actinolite schists along
Wild Cove as large, discordant, medium- to fine-grained
bodies of leucocrati¢ actinolite schist. These bodies
commonly display compositional layering a few centimetres
thick which may represent original 'ignepus heterogeneities
now transposed into parallelism with the main foliation
(S2). The discordancy of these bodies with respect to 32
n;ay represent an original intrusive relationship and may
also partly be due to late faulting. Outcrop was
insufficient to determine actual contact relationships. In
several places late stag; veins of rhodocrosite with quartz
cut across Sa.

Numerous sheets of fine- to mediuﬁ—grained leucocratic
actinolite schist, about O0.5m thick, also occur throughout
the fine-grained schists. These sheets are always oriented
sub-parallel‘to the main foliation (S2) and are
compositiﬂonally homogeneous as a result of internal
reworking by deformation»associated with metamorphic
differentiation. These bodies may represent parallel-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.
intrusive or extrusive sheets,
Schist,

Such bodies possibly represent original
Goose Cove
Grands Galets Head







Petrography
Actinolite Schists

The actinolite schists contain a large proportion of
fine- to medium-grained, acicula}; green pleochroic
actinolite (referred to as Act 2) which shows a preferred
dimensional orientation that defines both S2 and the relict
S1 cleavages, The actinolite often grows in epitaxial
continuity around small dusty cores of'actinqlite
porphyroblasts (referred to as Act 1). The actinolite 1is
interlayeréd on a microscop;c scale ;1th greater or lesser
amounts ,of sericitized and saussuritized plagioclase,

epldote/clinozoisite, quartz, chlorite (often penninite),

minor muscovite, and opaques with sphene alteration rims.

Metasediments

There is a good deai 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
(S27?) being defined bf‘micas dnq streaks of opaque
material. A compositional layering 1is usuall; observed
parallel io the foliation and strained quartz is common as

- thin discontinuous lenses,

Calcareous metasediments consist of finely crystalline
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carbonate with streaks of opaque material and'associated
lenses of polycrystalline strained qhartz. Alignment of

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

tremolite define the foliation, together with pérallelv

alignment of fine-grained disbersed laths of muscovite. The
grey laminated marble at the base of the &liffs in Clous
Cove and on the east side of GaletS‘Héaa‘consists of
tightly microfolded, pdlycryétalline layers of
granoblastic-polygonal carbonate with varying proportions
of fine-grained quartz. Randomly criented fine-grained,
euhedral, acicular éctinoliteAis sparsely scattered
throughout the carbonate groundmass. The massive green
l;tﬁology'exposed around White Point on GéletsﬂHead
consists of variable proportions of,finé grained sphe?e,
.penninite; quarﬁz, epidote, needles of actinolite and
minor carbon#te, 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-graired aﬂpedral
_ carbonate and quartz with scattered and matgéd needles -of
stilpnomelane. At the western contact of this lithology
against the actinolite schists a single specimen of
" foliated medium-~grained sandstone was recovered (Plate 25,
facing p.65). The matrix of this specimen consists of
‘colourless to péle greén sericite with strings‘of fine-
grained sphene. The constitueht grains are of strained

quartz with m}nbr serjcitized plagioclase and some bent
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laths of muscovite lying subparallel ta the foliation. The
original grain shapes have been modified by deformation so
that the &uartz 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 aséociated anh?dral crystals of

carbonate and fine-grained laths of penninite.
Agtinolite/quartz/garnet schists

Other lithologies are characterized by very fine-

grained heterogeneous banded matrix material consisting

mostly of sericite or sgricitized plagioclase, quartz,

colourless to pale green muscovite and strings of opaques
with alteration rims of sphene. This is associated with

variable amounts of chlbrite and scattered anhedral‘fine-

o

Erained epidote. Subhedral to euhedral medium*grained
garnets are also found and containlinclusion trails of ore
and penninite.- These trails may be S-shaped, and indicate
rotations of up to 55° (Plate 26a).

The opaques have beeh largely altered to sphene and
cfa?ks in the garnets are filled by chlorite and seric;te
(Plate 26b), Chloritﬁ pressure shadows are poorly

P

developed around the garnets. Small to medium-sized lenses

of flne- to medium-grained quartz are common in the banded

I




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 $S1
and probably syn-post F1. Goose Cove Schist
%pa;tially crossed polars). (Specimen #20-
-3

- Plate 26b

Photomicrograph of euhedral garnets in
foliated (S2) penninite matrix (blue).
. Garnets mostly cracked and filled by
,penninite,. Note large lens of
Polycrystalline strained quarz (céntre
right), Goose Cove Schist metasediment
(crossed polars). (Specimen #20-8-6)
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matrix. The quartz 1is ﬁsuaily in a foam texture with the

‘ unstrained grains in similar cry;tallographié orientations.

It"alspvoccurs as strained polycrystalline aggregates with
a'stroni 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

‘contacts, mostly subconcordant to 52, with medium- to

coarse—grainéd bodies and lenses of metagabbro. The
metagabbros have a very similar mineraloﬁy to the
a%tinolite'schists and are distinguisﬂed from them by
coarser grain size,’greater proportions of plagioclase, the
abyndance of actinglﬁte porphyroclasts, an amphibole L-S
shape fabric apd cdarse compositi&hal layering.

The ﬁetagabbros consist of sericite (after
plagioclaie) with associated actinolite, c¢linozoisite, and
very minor amounts of chlorite in alternating\compositiﬁnal_
layers 2-5mm thick. The remnant plagioclase is largely
finely recrystélli;ed and subsequently sericitized. The
sericite contains fine needles of tremolite/actinolite,
fine grained sphene and small anhedral to subhedral

crystals of clinozoisite (Plate 27). The clinozoisite

rl

commonly has a .strong preferred dimensional and

crystallographic orientation, and the rims 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 medium-grained
acicular actinolite (yellow/green). Relict
Act) porphyroblasts are seen at top and
bottom left, and smaller, cleaner-looking

crystals are Act?2 which define anastomosing
cleavage films. - Differentiated layering and
alignment of acicular Act2 define the

foliation, S2, (Specimen #31-7-3) .







are often sites for the concentration of "dusty™"
microcrystalline sphene, .

The actinolite-rich layefs-consist of relict medium-
grained oval pofphyrbclasts of weakly pleochroic, pale
green, strained actinolite (Act 1). The cores of these
crystals are commonly "dusty",'and may contain inclusions
offiﬂegrainedspheneandraggedgrainscn‘orewithsphene
.alteration.rims. The Act 1 porphyroclasts are flattened

‘parallel to 82 and define a strong S-fabric. Occasionally

porphyroclasts show "augen" or fish shapes; the latter have

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
abqve); Recrystallizea'fine-grained:acicular éctinolite
(Act 2) always lies parallel to 32 and wraps aroﬁnd the Act
1 porphyroclasts ., Films of acicular Act 2 crystals
interconnect the Act 1 porphyroclasts and define the
amphibole-rich layers (Plate 28). Z:ommo'nly the Act 1
porphyroclasts are partially recrystallized to form fine
grained domains of "dusty" acicular actinqlite. The
metagabbros are cut by thin_post-SZ veins of finé grained

clinozoisite in places associated with quartz and

plagioclase with fine hairs of colourless amphibole,
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Plate 28

Photomicrograph of differentiated layering
in Goose Cove Schist metagabbro. Acicular
Act2 actinolite intérconnects two
prophyroblasts of opagques which have
alteration rims of fine grained aphene. An
Actl porphyroblast is visible top right.
Colourless and grey material is
recrystallized and sericitized plagioclase.
Alignment of acicular Act2 and
differentiated: layering define the
f‘oliati)on.\sz. (crossed polars) (Specimen
#31=7-3) -, . o
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CHAPTER 4
SEDIMENTARY PETROGRAPHY
Sandstone CompositionS

Analyseés of sa_ndst.one components were made of samples
collected from the Goose Tickle and Maiden Point
turbidites. A single analysis was made of a specimen of
mildly deformed sandstone taken from the Goose Cove Schist
on Gaiets Head., It should be remembereci in the following
discussion. that these sandstones were colllected from
different structural slices so that similarities do not
bear a simplerdirect relatiﬁnahip. |

Severall different plops have been used to represent
the data. The matrix datal,wére used only in computing
component. percentages and are not jincluded in thé figures,
The Q,F,URF triangular plot (Fig.3) shows all the
sandstones and includ’es data from SmiF (1971) and Smyth
(1973) from the Bradore Formation.

Sandstones of the White Islands and Maiden Point

Formations from ‘;h%ft\udy ’area fall mainly in the
subarkosic field. Pata from Smit (1971) and Smyth (1973)
have a large scatter into the lithic arkose and feldspathic

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




Figure 3

Q-F-URF (quartz-feldspar-unidentified rock
fragments) triangular diagram
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Provenances of Dickinson and Suczek (1979). Smit's (1971),
data generall& ;oﬂﬁorms to this but Smyth's (1973)
distribution indicates a Slightly greater lithic content.

The Goose Tickle sandstones, sampled from massive
’beds, fall between the Continental Provenances and Recycled
Orogen Provenance fields (Dickinson and Suczek, 1979)
(Fig.3). This s-pread supports tﬁe idea that the Middle
brdovician'coose Ti?kle Formation has been partly derived
from recycled lower Cambrian continentally-derivedv‘ prism
sandstones and partly from-the Allochthon during
emplacement’. _

The Qm,Qp,F‘plot_(-Fig.'u)‘shous clearly thaf-tﬁe Maiden
Point'Formation has a slightly higher feldspar content than
' the-White Islands Formation. The G~oose Tickle Formation-
contains slightly lower quantities of polyFrystalline"
quartz than the oﬁhen sandstones. This may simﬁly be a

reflection of smaller grain size,

Tﬁe Perthite,F,Microcline plot (Fig.5) represents only

the White Islands and Maiden Point Formations since. the
Goose Tickle Formation containsuonly plagioclase feldspar.
It can be seen clearly that the White -Islands Formation
contains significant éméunts of recognizable per/thibe and
microcline whereas the Haiden Point Formation contains
small amounts of perthite only. This inay Eeflect loss of
Eerthite and m'icrocline during transpdft and deposition of
the Maiden Point Formation by c’hemical weéthering (and not

by abrasion since much of the Maiden Point sandstones are

.
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. Figure 4

- Qm-Qp-F (monocrystalline " qtz. grains- -
polycrystalline qtz, grains-feldspar) triangular
diagram -

-
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¢ White lIslands

Qm - monocrystaliine gtz ; Qp - pol§crystalline qtz;

- F - total feldspar _ !




Figure 5

. F-perthite-microcline 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 Maiden Point and Goose Tickle Formations  is
significaktly higher tﬁan in the White Islands Eormatiom
The differences in feldspar cqntent between the White
Islands and Maiden ?oint Formatioﬁs perhaps suggest that
the feldspars in the White Islands Formation have been

preférent{}lly removed by mechanical abrasion, possibly in

a beach facies environment (see paragraph below).

" Sedimentary facies interpretation

White Islands Formation
1

Because of diségreément over the affiliation of the
White Isiands 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 based on the
existence of horizontal laminae and parting lineations; The

author has no reason to disagree with this interpretation.




Figure 6

Percentage of total feldspars in the White
, Islands, Goose Tickle and Maiden Point Formations
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Maiden Point Formation

ThévHaidén‘Point Formation south of Hare Bay consists
of sandstones and slates of which sandstones account for
about 80% of the total sediment (Smyth, 1973) which is of
similar proportions to the Maiden Point sediments on
Quirpon Islaqd. The Quirpon sediments have similar features
to those south of Hare Bay but show considerably more

compaction structures (Chapter 3). The Maiden Point

wl sandstones on Quirpon 1Island are also 'Similarly

compositionally mature and thturélly immature, Smyth
(1973) concluded that the Malden Point sediments showed
'features typical of proximal turbiditeé, however Stevens
(1970), examining the lower quartzo-feldspathic flysch of

‘the Curlipg Group (which includes Maiden Point Formation

correlatives) concluded»tﬁat the sediments were turbidites

de;eloped on a deép-sea fan, Both authors agree on a
;robable western (Stevens, 1970) to northwestern (Smyth,
1973) source. It is not obvious from the descriptions given
by Stevens (1970) or Smyth (193) or from work completed by
the author, that the Maiden Pofnt sgdLments can be simply
classifis£+as proximal or as deep-sea fan deposits. The
latter is questioned becaﬁse coarsening upwards Qequence&

have not been recognfzed, and the formér is queried because
a deep water origin is not neces§ar11y precluded on the
basis of coarse grain size. Thﬁg%ifden Point sediments

appear to more closely fit ﬁhg slop¥-wedge model developed




. 3a e

- Goose Tickle Formation.,

by Parker (1977). This model facilitates Stevens! (1970)

. deep water origin and explains the lack of deep water fan

B

facies and is faCoured by the author.
GooseXjckle Formation

Both Tuke (1968) and Smyth (1973) described the Goose
Tickle Formation as turbidites. Smyth (1973) noted that the

rocks south of Hare Bay show_ partial Bouma sequences

£y

‘consisting of graded bases"énd'upper cross- or parallel-

laminated®divisions. This is similar to the Goose Tickle
Formation on Quirpon Islaﬁd where more - complete Bouma
sequences are" seen (Chaptér 2). ) »

. Both Tuke (1968 and Smyth.(1973) found graptolites in
the s;ﬂiments and conc.luded that the rocks represent a deep
water faciés whieh Smyth (1973) 1indicated .was

northeasterly-deriyed. The author agrees with thid

interpretation though no evidence for a nortk_]easterly

located source is found on Quirpon Island. Although the

-~

rocks in the Quirpon area are much'deformed, coarsening

upwards sequences are not found which suggests that a

sldpe-wedge flacies mo}el (Parker, 1977) 18 valid for the

¢




CHAPTER 5 -

MELANGE AND MYLONITE ZONES

Previous work in melange terranes

Hsu (1968) stavted- that melanges are deformed rocks
containing tectoni’c‘ally mixed blocks bf both native and
exotic origin in a pelitic matrix. He envisaged two
distinct 'proéesses occurring during me;ange formation, ,

1) fragmentation, and '

11) mixing, with which he drew analogies to the mixibng
of ground morz;ine_ beneath a glacier.

Hsu (1968) also noted the previcus use of the .\)term
"wildflysch" to describe melanges and olist':ostromes because
of similarities in appearance, but .stre.:;.sed that the
formational processes are different and that melange should

be restricted to description of tectonic m;lxiures. However

he acknowlqued that th'e distinction betweef a melange and

a deformed olistcstrome is difficult and stated that rocks

I3

found in an olistostrome that are younger tifan the age of
olistostromg segimentation shou’ld indicate it is a

melange.

ophlolite belts and suggested the use of the term

ophiolitic melange. He defined such melanges as resulting

from poth olistostromal and tectonic'processes because they

[y
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Gansser (1974) noted ’ché association of melanges with




contain exotic’b_locks which could not be deriv“ed_by‘ a
purely tectonic process. This isj borne oﬁt by .earlier
obseryations by Stevens (1970) who des_cr:ibed the major
melange zone below hthe ophiolite in the Humber Arm
Allochthon which he interpreted as an original
olistostromal deposit subsequently ov'erridden< and deformed
during‘ emplacement., Gansser (1974) also made the

observation that ophiclites are visible because they are

obducted rather than subdycted and that "ophioclitic melange’

‘may be explained through a mechanism related to obdlxction".

Bruckner (1975) preferred the purely de_scriptiv'e i;e.rm )
"zones of chaotie stru.cture" becéuse ‘of confus-ion as to-
whether ﬁelanges ake tectonic, sedimeéentary or both. He
believed that the chaotic nature was pr\imarily and
dominantly the result of ,subaerial exogenic processes and
~-that tectonic processes_wereggnecondary.'

Melanges which defin; tectonic contacts between
formations are referred to as interi‘of‘mational, those
occurring within lithological units are termed,

intraformational melanges. Each type is described

Separately.




. INTERFORMATIONAL SHEAR ZONES

Goose Tickle/Maiden Point 'melange zohe

. . ~

. . *
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 Jacques Cartier Islangy; at Lighthouse

Cove and at Whale Point (Plate 29), The edges of the .

melange zone are defined where beds of the Maiden Boint and
‘Goose Tickle Formations cease to be boudinaged and
intermixed. The melanges are characterized by a black,
commonly pyritiferous, finely cleaved (52) shaig'matrii.
"At. the east side of Crandméther's Cove the melange zone is
about 40m wide. - It 1s full Vof sl;ughed o.ff and boﬁudinaged
blocks of Maiden Pbint sandst'one' intermixed with calcareous
Goose Tickle-lamiqated sandstones and siltstones. Pods and
boui:-liAns of Goose Tickle an‘d Maiden Point litholog,ies becofme
more profuse towards ;he con£acts with their respective
outcrops. A single piece of 1so£}op1c leucogébbro from the

Maiden Point Formation was seen in the melange zone on the

eastern side of the Grandmother's Cove inlier. The fine:

sand‘stones and siltstones of thf_ Goose Tickle Formation in

thev melange zone are.cut‘ by the cleavage which is axial

planar{‘. to several small scale folds, The limbs of these
folds are sheared out but the beds preserved in the

remainin'g hinges.ip'dicate'ﬂ'unging to the south. It was




Plate 294a

The Goose Tickle Fm./Maiden Point Fm.
melange zone. 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 subrounded clasts of pebble- to
boulder-sized clasts of Goose Tickle Fnm.
and Maiden Point Fm. lithologies. Also
present are probable clasts of peridotite.
The shear zone is steeply east~-dipping and
carries a strong S2 cleavage, View looking
west from the eastern contact of the
Grandmother's Cove inlier

Plate 29b

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): Grands Galets Head (consisting of
Goose Cove Schist) is visible in the
. background. View-looking northeast

a







not possible to determine the orientation of the fo;d axes,
‘Tﬁe‘we;terp limb of one smal; fold has been slightly
refolded sonthat S2 cuts it twice., Northeast of Dumenil
Point the black shale matrix is élickénsided and contains
subrounded gravel to cobble-sized grey/green clasts of
serpentinite (Plate -29a). The clasts weather a.
”chargct;ristic crange-buff and some contlain numerous
euhedral orange-weathering crystals (of amphibole?) up to
umﬁ wide. This weathering is characteristic of peridotite.

' The western contact of the Goose Tickle Formation with
‘fhe Maiden Point Sl}ceﬂis sharp. The underlying rocks are
strongly sheared and boudinaged close to the contact, but
the sandstones of the Maiden Point Slice are more
homogeneous énd are not Boudinageﬁ or broken, Thus the
‘' melange zone 1s developed only‘in the Goose Ticklé
Formétion lithologies here. The cleavage (52) 1in the
melénge dip: steeply southeast on both sides of the inller,

The contact on Jacques Cartier Island';s sharp but -
both forma&ions have been 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 cleavag;, s2, is mostly sub-parallel to tﬁe
contact but at the northwestern tip of the island the

contact strikes northeast - southwest dipping southeast at

70? and i1s cut by the 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
Hhere‘a smail inlier of highly sheared Goose Tickle

sediments is exposed, The beds here have beén severely

'disrupted and boudinaged as déscribed previously and are

considered to be part of the coﬁtact'melange zone. The .

southern contact against the Maiden Point Formation is

sharp and is marked by a Tm wide zone of finely cleaved

black shale. The contact zone can be traced southwestwards

A

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

discrete finely cleaved shale band that carries a fracture

cleavage (S3), Thé zone runs into the northern tip of a

large pillowilava body which occurs in this region. The

pillow lavas are bla;tomylonitic in this zone and carry a

locally developed L-S fabric. i
.The melange zone at Whale Point has been modified by a
late stage fault which dips 75° to the %orthuest (Plate

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

strongly deformed adjacent to the fault where cobble to

boulder-sized clasts of fihe- to medium~-grained sandstone
rest in a fineiy cleaved black shale matrix (Plate 29b,

facing p.36). West of the fault, the Maiden Point

Formation is shale-rich and has been strongly deformed. The’

shale is pyritiferous in places and contains gravel to
boulder-sized clasts of sandstone up to tm across. Silty
bands in the shale have been isoclinally'folded'on a small

scale with S2 parallel to the axial';hanesfof the folds.

More competent sandstones mark .the western edge of the
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melange zone.

The nature of the contac; is not seen on The Whale,
southwest of Cape Bauld, because it is submerged beneath.

low'ﬁater level. The Goose Tickle.FoEmation has been

 strongly 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 has been refolded by

a second generation fold which carries an axial planar

'cléavage, 52 (Plate 30).

Maiden Point/Goose Cove Schist mylonite zone

The tectonicléontact between the allochthonous slices
of the Maiden Point Formation‘and the oyerlying Goose Cove
Schist is defined by a myldnite shear zoﬁe tﬁat has a
structural thiakness of about 30m meaéured nor;al to the
tectonic foliation. The zone is developed in strongly

banded and foliated Maiden Point sandstones. The zone

.everywhere dips steeply eastwards except on the east side

of the Gooseé Cove klippe around Whale Point where it dips
steeply to the northwest.sThe 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 foliafion parailel
to thin -discontinupus white mylonitic quartz bands in a
buff-colourgd matrix. The uhipe quartz band; are the

remnants of small scale similar style rootless intrafolial
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Plate 30

. Refolded small™scale isoclinal F1 fold hinge
-in the Goose Tickle Fm. affected by F2.
Note the cleavage, 82, is axial planar to

- F2. Note dislocation of the sandstone band 49
_along SZ planes.. The Whdle ‘ :

23







isoclinal folds with the sheared limbs lying para;lel to

the foliation (Plate 31). ‘ :

The contact w}th the Goose Cove Schist is gradational
but the transitional zone from mylonité to actinolite
schist is very narrow so that the upper contact is fairiy
easily defined. The gradation between mylonitic sandstones
1ntheco;tactzoneandthélessdeformédsandstonesofthe
Majden Point Formation makes defigition of the lower
contact more arbitrary. /

Late stage movemént within the mylonite zone is
indicated /; thé presence of seygral lenses of anastamosing
ultramylonitic "crush zones" seen at Whale Point which
truncate the myloéitic foliation (Plate 32). A sma}l lens
of undefofmed Maiden Point gabbro intrudes the mylonite
zone truncating the foliation,\uest of GrandszGalets-Bay/
and clearly post-dates movement in the zone.

.

”Petrdgraphy and microstructures

: Five—representativé samples were collected in a
t;averse across the mylonite zone Southwestuof Grands
Galets Bay. Towards the éontaét with the Goose Cove Schist
the Maiden Poinp sandstdnes become_recrystalliz;d'(Plate
33ai. Small detritai/zuartz grains are préfereptialiy
recrystallized leaving larger du;}tz porphyroclasts (Plate

33b). Pale -green mica and ahlorite are éommonly

agsociated. Carbonate is a minor but characteristic mineral

-




Plate 31 _ ' T

The Maiden Point Fm./Goose Cove Schist
mylonite zone west of Grands Galets Bay.
White lenses of deformed Maiden Point
quartzite rest in a finely comminuted
sheared and foliated actinolitic matrix.
Note dismembered small scale fold hinges in
the mylonitized quartzite. The mylonite
zone in this region dips steeply east

beneath the Goose Cove Schist
. . R N ) ,
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Plate 3j2a

‘Evidence of late stage movement along the
Maideén Point Fm./Goose Cove Schist mylonite
zone 18 indicated by the presence of
ultramylonite zones (dark grey) within tie
mylonite zqne., Grands Galets Point :

Plate 32b

As above. Note truncation of the main

foliation, S2, 1in the ‘Goose Cove Schist (top
left). Grands Galets Point







‘Plate 33a

Photomicrograph of slightly deformed Maiden
Point Fm, ~ sandstone near the Maiden

int side of the Maliden Point Fm./Goose
C ve Schist mylonite zone. Detrital grains
5till recognizable., Southwest of Grands
galc)ats Bay (crossed polars). -(Specimen #9-
-3 :

Plate 33b

Photomicrograph of specimen from closer to
the Goose Cove Schist contact where the
Maiden Point sandstones are more deformed. .
Small detrital grains are recrystallized and
large grains (lower centre) are stretched in
the plane of shearing (left-right). Note
recognizable twinned grain of partially
sericitized plagioclase (top right) (crossed,
polars). (Specimen #9—8—5)







throughout, occurring as fine anhedral grains,

. Recrystallization has horx}oggnized the sandstone
. approximately 10m from ‘the acti;olité schists, Here the
quartz for'ms. a fine-grained poly'gonal texture with nearly
hexagonal gra'insvdisplaying 120° triple point Junctions.‘.
Evidje'n‘ce of the existehce of o-rig:l,nal largér detrital
grains is shown by areas 61‘ slightly coarsér crystals f.hat
. maintaln a’'similar opticAbr»ixenta_t'ion distinct from the
matrix quart;z- (Plate 34). The rock-is almost pure quartz

af, this locality with little or no.ser}cite and chl'or'ite. .-

The quartz matrix is éut. by numerous a~nastamvosil'ng micro- .
shéér zon’esI of crypto=-crystalline quartz, These are'r
associated with concentrations of dusty opaqueé material andb
small amounts of echlorite. Minor relict grains' of
plag'ioclﬁase'are seen but these are small. At the
épp_roximate contact between the Maiden Point sandstones and
Go;as'e Cove ‘actinolité'sch‘ists the rock consists of
colourless to pale green sericite.co.ntaining inclusions of
oval-shaped sphene with a strong (Lf?) S fabric d‘eveloped'
paraliel to the vfoliat:lon' defined by the sericite., The
sericite is interbanded with. thin discontinruous lenses of
fine-grained té microcrystalline quartz 4in a morvta'r'
texture, The sericite/quartz banding defines the

foliation. The sericite carries a penetrative conjugate

crenulation couple which may be related to the crenulations D
. ' N .

-
S3 and S4 described™ in Chapter 6.




Plate 34a

Photomicrograph of saﬁple from the centre of .
the Maiden Point Fm./Goose Cove Schist
mylonite zone. The Maiden Point sandstone
has become completely recrystallized and the
quartz crystallographically reoriented.
Domains of coarser grained quartz probably
represent 1incompletely recrystallized large
detrital grains. Lenses of fine-grained
opaque and micaceous material define
the mylonitic foliation. Southwest of
Grands Galets Bay (crossed polars).
(Specimen #9-8-6) ’

Plate 34b

Photomicrograph of quartz-rich
blastomylonite within the Goose Cave Schist
adjacent to the Maiden Point Fm./Goose Cove
Schist mylonite zone. Original sandstone
lithology completely destroyed and quartz.
- grains lie in a finely comminuted opaque
matrix. Mylonitic foliation runs left to
right. Southwest of Grands Galets Bay
(crossed polars). (Specimen #25-8-4)
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INTRAFORMATIONAL MELANGE ZONES

Maiden Point Formation melange zones

\ &

The melange exposed in Degrat Harbour contains blocks

of similar lithologies to thosé seen along strike at the
south pip_of Quirpon Island but are generally larger 1in
size. The blockﬁ consist of calcareous laminated brown-
weathefing éiltstones and calcareous silty volcaniclastié
rocks which in one specimen contain echinoderm fragments
(Plate 35). Other blocks consist of Maiden Point

a

sandstones and pilléw lavas which are in places so
1ntensély cleaved that original strucfurés are obliterated.
Sheep Island and Degfat Island'probabiy represent large
pillow lava and sandsione lenses in the melangg The.pillow
lavasAonvDegEat Island %ne characteristically amygdaloidal »
" and non-variolitic and a}e cut by small discontinuous dykes
of diabase. The calcareous siltstones and volcanie roéks
are exotic_lithologies because ihey are not fouﬁd elseﬁiere
in the Mgiden‘ﬁoint Formation, |
i . . -

’

Discussion

Smyth (1973), working in the southern part.of the Hare
Bay Allochthon noted that melange zonés occurred at the
contacts between all of the allochthonous sl;ceé. He also

found melange zones in 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 #22-7-3)
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Bay and Little Canada Harbourywhich are similar in all
respects to tbe intraformqtional melange’ describsd above,
and thch contain exotic-blockg of brown-weathered '
célcaréousvsiltstone and a block of diabaée. He considered
that these blocks were probabiy derived from the No;thwest
Arm Formation and were included in the melapge by a process
of either gravity sliding or tectonip incorporatton.A
Following Smyth's (1973) argument,if 1s also likely thét_
the source fof the exotic blocks 1in the Haidén’Point
1ntraformational‘mélange at Degrat harbour was als¢q the
Northwest Arm Formation. Smyth (1973) interpreted the
melaﬁge zones as having formed during the final emplacement
by gravity sliding of the Hare Bay Allochthon., It is the
.authors opinion that the mglanges on Quirpon4Island are
tectonic 1in origin with the possible éxception of the
'Degrat Harbour.melange and the interformational melangg
which bounds the Grandmother's Cove inlier, These melanges
contain exotic blocks which may have been ipcorporated by
processes 6f initial sedimentary slumpiné followed by
tectonic 1ncorporation‘and deformation as the allochthonous
slices rode §ver these terranes, .

Smyth (1973) found that the basal contact of the Goose
Cove Schist dﬁ Fi;hot Isiand consisted of a melange zone;

This is in contrast to the observed contact on Quirpon

Island which, as described above, consists of a well

defined ductile mylonite zone,




CHAPTER 6

STRUCTURE

1

Introduction

Each unit that has been defined in the Quirpon Island
area displays a characteristic, unique structural signature
relating té fundaméntal differencés i? the deformation
histories of ﬁhe units, Additionally, each unit consists of
unique lithologies which may have beh;vedvdifferentiy under
the samé stress ?eéime.

The rocks in each structural slice prcbably underwént
different deformational and metgmorphic hiStofies before
their fina% tectonic incorporation into the Hare Bay
Allochthon and'empiacement onto tﬁe continental margin of
eastern North America. The structures in iﬁe autdchthonbus
and allochthonous unifs 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 ﬂhit; | ’
29 mesoscopig structufes (folds, io;iatlons, lineations .
etc, that ére observed in the field); and

3) microstructures (mostfy from thin section analysis).

The deformation schemes for each unit are summafized

in tabular form (Fig.7, located in back pocket).

2




< _ White Islarnds Formation %
'The sandstones exposed on the White Islandsicarry‘a
well developed heterogeﬁeous slaty cleavage, S1, which dips

steeply eastwards and is alwéys steeper than the constantly

dipping and facing beds which 1t cuts (Plate 36 and Fig.

8)f No sﬁall, mesoscopié or large scale “folds that might be
:aSSOC1atiﬁ with the cleavage were observed in the
sandstone. In the slate bandlon the east side of the m?in
island however, numerous'sma}l s;ale prolate lenses of
defBrmed ‘Qquartz define a strong rodding 11neat16n that
plunges steeply east in the plane of the cleavage (Fig.8),
The lineation tHus appears to be related to the gleavage
and may 1ndicaté the stretching direction or the relict
boudinaged axes of small scale fold hinges. ‘

" .The bedding and cleavage relationships could not be
measured in the field, but from stereonet construction it
can be shown that the intersection lineation tren&s north-
northwest - south-southeast and is approximately
.horizontal'(Fig.BL From this can be inferred the existence
of a laréé sScale north-northwest -‘south-southeast-
’trending, horizontal fold with the main island lying on

the east.limb of an antiform.
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Plate 36

- Bedding, dipping steeply to the right
(east), and cleavage (vertical) relationship
in the coarse-grained sub-arkosic white
sandstones of the White Islands Fm. There
is a lack of younging directions in the
sandstone but beds are interpreted to young
consistently to the east., View from north
side of main island







Figure 8

Stereonet of bedding, S1 cleavage, and"'rociding
lineation in the White Islands Formation .
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Microstructures-

In the rock matrix S1 is defined bi parallel alignment
of fine-~grained sericite which forms a strong foliation of
: énésﬁomosing ‘films uFapping around the constituent grains,
% Recrystallized quartz forms f‘ine-grai/ned blebs in the
p'ressure shadows of some detrital quartz grains. In the
pressure shaadows of the .ol‘d grains and where these bleb;
are' still 1n opi‘.ical contact, grain bo'unda‘ry migration
normal. to thelfo'liatio'n‘ ha'.a been restricted by the plate-~
-14ke sericité LT >t‘~:hat the recrystallized quartz forms
digitate-11ike str“uctu.res'in, the fe¢liation plane which
define 'an S fa&ric in the S1 p‘lane‘.rwhere' detrital grains
" touch . the grain boundaries a're commonly embayed, the
‘contacts being 'sites for the recrystallized grain material
or sericite, 1ndicating that - presaure solution has operated
(White and Knipe, 1978). A quartz c-axis study was
cét‘ﬁpl'eted on the sedimentary grains of one specimen usi'ng a
standard four-axis uniVers'él stage but revealed mo
preferred crystallogr‘a-ph’i’c orientation (E"ig.9).“Un11ke the «
qua‘rtlz, I‘evldsparsr appear fx:esh’. and undefdrmed. o |
These miq,rostructtjre.s‘- suggest that cleavag.e
development may have occurred to some extent in relation to

pressure solution processes .ge.g. the quartz pressure.

oo : shadows). Development of crystallographic preferred
orientaéion in quartz is not likef(v'to occur in a'ssociatj.on

with such a qef‘ormation mechanis ('Patersor}, 1973; 'Ni‘colas_w

T e ‘ | /




Figure 9

Stereonet of random quartz c-axis fabric of
- sedimentary grains from the Whfte Islands Formation
sandstones. Orientation of bedding unknown
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& Poirier, 1976). Fﬁrther, the c-axis stuéy'indicaies that
the internal deformation of the strained grains probably

occurred before they were incorporated 1nto thg sandstone,
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Goose Tickle Formation

Structural elements

The different structural elements of the Goose Tickle
Formation are introduced in this section followed by the

detailed descriptions of structufes'in the different

subareas. : i
F1 folds

Tﬁo generat#ons of folds can be'récoghized in certain
par;s'of the GooselTickle Formation on the basis of
mesoscopic overprinting criteria. The earliest ford
ggneration includes a set of‘pre—cleavage isoclin;l foldS
(F1) that are rebognized only in the large inlier in

Grandmother's Cove and in the smaller inliers located in

}Lighthduse Cove, and also on the Whale, southwest of Cape

Bauld and on rock D. of thé_Ialets. Fald style and scale
cannot bé d;rectly observed sincé compléte fold Sectioha
are not exposed, except'on rock b. of the Isiets wheLe,a'
partial hinge domain‘is exposed (Fig. 10) and on The Whale
(Plate 30, facing p. 0 ). Instead F1 folds afe recognized

on the basis of_féging reversals in bedding tﬁat is in
constant angu;ar relationship with respect to the later-

developed cleavage. The axial surfaces of F1 folds, S1, are




Figure 10 .

Sketch map of the Islets rock D. showing F1
1§oclinal fold and F2 folds

-
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a few centimeters to 4-5m across the hinge zone, It was

not seen.

F2 folds and S2 cleavage

The second generation incluQes a set of mesoscopic

tight, similar folds (F2) which occur throughout the wunit

and which alﬁo affect both the Goose Tickle and Maiden
Point Formations and their tectonic contacts and are
assoc;ated with an axial planar cleavage, S2 (Piates 37b &
38a). 32 is developed in the sﬁales and in the séndstqnes
as a fissile slaty cleavage and a non-penetrative fracture
cleavage, respectively.'C1ea§age fans are observed in the

slates in many F2 fold hinges,. the cleavage being divergent

~1in thé pelitic layers, Cleavage fans are not observed in

the sandstone beds and instead the cleavage traverses the

beds as sub-parallel sets in the plane of the axial

surface.-
Small scale F2 fold hinges, seen only in sandstone

beds;, are mostly sheared out and lost along small scale

2
faults that develop parallel to 52, However, complete sméall .

scale folds were observed in the field varying in sizelfrom

not possible to discern fold wavélength,hbecaUSe in nearly .

all cases where fold hinges are preserved, the fold 1imbs

have been either greatly thinned or faulted out.

[
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Plate 37

Detail of typical mesoscopic asymmetric
'similar style F2 fold in the Goose Tickle
Fm., Grandmother's Cove inlier., The shale
carries a very strong penetrative slaty
cleavage, 352, which 1s developed in the
sandstones 'as 'a fracture cleavage. Note
differential movement along S2 surfaces at
base of thick sandstone bed and more severe
disruption of thinner sandstone beds -below.
Shearing along S2 1s characteristic and fold
hinges are often completely dismembered from
the limbs :







Plate 38a

Mesoscopic F2 fold in the Goose Tickle Fm.
on the west coast of,Jacques Cartier 1Is,
(map case on fgld for scale), Note the
chaotic nature of the shaly lithology which
18 due to its proximity to the thrust
contact with the Maiden Point Fm. several
metres. east (right) of picture, Folq¢ is
asymmetric, S~shaped when viewed from the
northeast and plunges steeply southeast (see
Fig.12c¢). Note well developed S2 axtial
planar cleavage

Riate 38b

Detail of structures in the Goose Ticklé Fm.
at Lighthouse Covél Bedding laminae are
horizontal, S2 slaty cleavage dips steeply
to the left-and the sparsely developed S3
crenulation cleavage dips to the right







F3 folds and S3 cleavage"

A third generation of very small scale open folds,

(F3), can be distinguished at only one locality on Chain
B \, ¢ .

.Rock. Elsewhere, evidence of deformation is restricted to

" the presence of a cleavage (53) which is developed only 1n

the slate lithologies. Most commonly S3 has the morphology a

of a fracture eleavage, and is defined by closely-spaced
. (few mm) fracture- like planes sep’rating microlithons which‘.
show a straight internal fabric. Rarely S3 13 developed as
a crenulation cleavage causing miérofolding of the bedding N
and 82 surt‘aces (Plate 38b).

-Structural ge’omei:ry -of subareas

]

Grandmother's Cove

A detaiied‘-coastal section A-A' was made acroee\p_‘ar.t
of'the large inllier exposed between Herrihg C-ove Hee‘d Vanvd
north of the the’ Islets in Grandmother s Cove (Fig.ﬂ).
Beds strike north northeast and are cut by the cleavage_
which strikes more to the east, The asymmetry of small
Scale, tight, similar F2 folds in this area indicates that
a 1arge scale F2 antiformel structure is situated t.o the
west (Fig. 11), 'Near the .western contact against the
Maiden Point Formation there 1{: a predon_:inance of mass'ive,

largely unbedded slatey llthologiee so that no fold hinges

t
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:are observed. However, the cleavage in this locaiit'y now
strikes anticlockwise of tpe beds indicating that the large
scale ant‘ifqrm.ai fold hinge lies to the eagt'anjd ':thu;'
oc‘c-up‘ies the central area of the inlier. Thus lf‘roﬁm small
séale F2 fold geémetry and bed'd_ir'ng a‘nd’; :\clea'vage
relationships the Grand_mother‘s.'Cove-‘ihliér 'is- inferred to :
be__‘avmé,jor Fe anti‘formal structure,

AFew younging direc,tiolr‘xs weré'déterm.ihed, . but most Eeds
on the eastern limb of this struéturé_are'right way up,». and
‘dip east--aoutheas‘t. between 30° and 709.% 'Ho‘wevve.r,' several
bedé, .though maintainingr the same aﬁtitﬁde and beddiﬁg‘ahd
cleavage relationships, are dowpward .."f'acin_g.-. »‘rhis
observation 1nd1cate$ the existence of an o.ld'e‘rvfél‘d:sé-t.

F1, now refolded by F2 folds, The hrin,ge zones of F1 folds

are not observed in this region, 7.

F1 fold style can be indirectly inferred from these
‘observations. Because facing rev)ervsals (with-respeét to 52)
occur in sets 6f parallel 'bedsl in thelrlim‘bvs of -F2'fo;1Ads', F1
folds are 1nfefred to be isoclinal. Also, becauée F1 hinge -
zones are‘not' observedyin this area, F1 fold émplit,udea vare
inferred to be large (Fig.11). Though it is not poésible to
define t'h: scale of F1 folds the fact that facing reversals
vary in occurrence from ‘a few met‘resto tens of metres,

suggests that fold scale also varies;"The 53 crenulation

and fracture cleavage is developed sparsely throughout.the

inlier where it is essentiral'ly at a horizontal attitude.-




* The Islets

Facing reversais with respect ﬁq S2.were observed on
EécksAA. and D. of the Islets. On rock D. this condition
_dgn be shown to be the brbducﬁ §f refdlding;of F1 folds.
" Here a southe;;terly-closing recumbent F1 fold haSjbgqn'
fefélded b& a medium scale (15—26m) F2 fold. Both limbs éf
the-F1 fo1d arer gut by the main cieavage, Sé, whidh 15
axisl planar to the F2 folditﬁigm 10, facing plO8 & 12a),

The F2'fold'aies on rock A plunge steeply south-
Sdutheast\a; about'756 (Fig. 7, back pocket). _Heash;ed F2
ffbldraxes from the Grandmother's Qove inlier, though having
| a scatteréd disﬁriQution. ind1cate a variabie plunge to the
" northeast between 20°'and:80° &Figi-7, back pocket). The
Qtereoplot of bedding and ?leavage attitudes shows domainal
variétion, and a general inferﬁection point indicating the
overall ﬁingeplunge;of the F2 folds is not éppqrent(Fi&
12b).*;t is therefore likely that on a large scale the F2

structures are non-cylindrical.
Jacques Cartier Island

. The GooseTiékle Formation is exposed along a narrow
strip oﬁnthe west coast of Jacques Cartier Island where it
s in structural contact with the Maiden Point Formation to

thé egst. The‘sediments here are intensely deformed and

-diarupéed so that thg‘beds aE;'broken up and boudinaged in

»
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a finely cleaved rubbly black shale,  Only tﬁo combletg
folds were seen, these having hinge‘zoqes from 1-5m across
but with their limbs Sheared out. Several readings were
taken from the hinge zone of one of these folds uhichjis
shown in Plate 36a. The fold has an S-asymmetry when viewed
aoun the sﬂ%;ply (“75°) southeast-plunging axis (Fig.
12c). The short limb dips steeply southeast and 1is
overturned,'and the long limb, where beds aré right way up,
dips to the east. The fold is a reclined, tight, anticline
(Fig. 12c and Plate 38a, facing p.11 ). 53 israparseij

developed in this lqcality and has a horizonta};attitude.

Lighfhouse Cové and the Hhaie

The small inlier of Goose Tickle Formation rocks at
Lighthouse Covelis intensely deformed adjacent to the
contact 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. 12&, facing p.116 ). In this locality 83 is developed
as a domainal crénulation ¢cleavage o¢curr1ng in spaced
parallel lamellae which affect; S2 and bedding (Plate 38b,
facing p.1H),
! The Goose Iicklg,Formation 15' also exposed on The
"Whale, a-anall tidal rock situated southwest of Cape Bauld.

The beds here are also much deformed and boudinaged because

" of their juxtaposition with the Maiden Point Foruation..

E




o

Boudinaged sediments yohng eastwards and lie sub-parallel

tp S2 which dips stéeply east-;outh-east at about 75°
(fié; 12e). A singie small scale F1_fdld hinge was observed
at this local;ti,that has seen L&folded]by F2 and cut by S2
(Plate 30, facing p.90 ). '

Whale Point

The Goose. Tickle Formation 1s also exposed on the

tidal reef at Whale Point, The‘'beds are disrupted

similarly to those seen adjacent to the Maiden Point -

Formation elieuhere and are cut by S2. Though bedding plane

readings could not be iaken. beds strike foughly northeast

‘= southwest and are affected by sﬁall scale F2 folds, the

limbs of which are sheared out. S3 is sparsely developed in

' _ ..
the slates here. It shows some variation in dip but
maintains a fairly constant ﬁbrtheast;southwest stike.

Point Vert to Chain Rock - ' <;l

oy |
A detalled coastal section, B-B', was madelbetueen

-Point Vert and Chain rock, on the mainland south of Quirpon

Island (Fig. 13). The sediments in this area reveal

similar bedding and cleavage relationships to those seen in

the Grandmother's Cove inlier. However the beds have

consistent younging directions, and faciﬁg reversals with

4 . .
‘respect to 52 were not found. F1 fol%p could not therefore
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‘be inferred (Fig. 13). The folds are identical in style to

F2 folds in the Grandmother's Cove 1n11ér. Thef vary from °
small scale folds uiﬁh ﬁavelengths of a few centimeters to
about 1.5m and the cleavageilies at‘a similar attitude to
32 elsewhere, From _the oubbrpp‘pattern of small and
mesoscopic scale folds it is possible to delineate the
existence of a larée scale F2_ant1c11nal structure. Most of
the folds are ésynmetric td the northuest’indicating an
anticlinal hinge zone in this direction. Folds closer to B
in Figure 13 are less asymmetric, indicating that the
anticlinal hinge_zone 1s.p}obab1y slightly west of B."

.The‘stereoplot for bédding and cleavage is similar to
that from the Grandmother's Cové inlier but does not reveal
a mean F2 fold axis plunge directidn, Bedding and cleavage
intersection lineations are also extremely variable. This
may be a function Sf undersamﬁling of bedding and cleavage
orientations, How?vgr, measured fold axes reveal a
regional norfh—hortheast - south-southwest trend with a
gentle mean plunge'of'a few degrees to the north-northeast
(Fig. 12f, facing p.116). On the basis of similarities in
style and orientation batterns these folds are interpreted
to belong to the F2 fold set. ’

At Chain Rock the secoﬁd cleavage, S3, 1s sub-vertical
" "and axial planar to small scale (i0-15¢cm wavelength),

symmetric, open folds (EEL,Hhich affect gently northward-
dipping bedding and associated $2 cleavage. «\\,_J)
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Microstructures '

S22 cleavage

The first cleavage, 32, is a hetebogeneous, domainal~
type of slaty cleavage defined in the matrix material by
the preferred orientation of metamorphic chlorite, .the
parallel alignment of small shale clasts, and by streaks
of opaque minerals., Gray (1979)>statés that opaques mQy
represent residues in seams related io thg operation of
pressure solution processes.” Minor rigid body rotation of
inequidimensio;al quartz grainallends a weak shape fabric

to the sandstones in places, but this was observed in the

field at only one locality. a
S3 cleavage
S3. was not observed in thin section because the slaty

lithologies which carried this cleavage could not bDe

sampled. Also, no F1, F2 or F3 microfolds were Bbserved in

5.
" thin section analysis,

Deformation history and large-scale structures

It has been demonstrated that the deformaﬁién history

for the Goose Tickle Formation 1nc;ﬁdes the formation of

three génerations of structures which are beliéved to

r




represent éhree phases of deformation., It has been shown
that the rocks on the mainlavnid part of Quirpon harbour and
on Quirpop Island have undergone different structural
histories.

. F1 folds have been. inferred for the Grandmét.her's Cove
inlier and have been demonstrated on th}a Whale (Plate 30,
sfaéing E).?O) and on rock D. of the IsletsA(Fig. 10, facing
p.108 ). Though it cannot be\%quivocally demonstrated, it
is likely that all of the remair;ing Goose Tickle Formation -
inliers (i.e. Lighthouse Cove, Whale Point, rock A. of the

|

Islets and Jacques Cartier Island) have been af fected by F1

folds because of their similar structural proximity to the

Maiden Point Formation. This point 1s discussed further in .
Chapter & ‘

F1 folds preadate the. for;mation of the. axial plane
cleavage (S2) in the rocks. They are‘isoclinal, probably
with large amplitu!des and exist on différent‘:scales, though
microfolds were not observed, It is possible hdeforma’cion
occurred whilst the sediments were only partiall;'

. consolidated, though soft-sediment deformation does not
necessarily imply that a follation or some other type of
intéernal fabric will not develop (e.g. Gill, 19709).
Evidence for post-F1 defc;rmation is found throughou?
{ ’ —_the Goose Tickle Formation. F2 folds are associated with :r
| axial élanar cleavage, 52,\ and are observed at most

localities as' small- to mesoscopic-scale, tight, similar

folds,» Small-scale faulting>within the plane of S2 is
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characteristic of this fold set, and fold hinges are
commonly faulted out so that fold limbs and partial fold

‘hinges are often observed.

Large scale antiformal and anticlinal structures have

seen inferred in the Grandmother's Cove inlier and in
section B=-B’ réspe.ctively. 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 conside_rable deforniatéion because of
their proximity to thrust contacts with the Maiden Poin't
Formation and consequently large scale structures cannot be

discerned,




Maiden Point Formation

Struc;ural elements

A

F1 folds

The earliest fold set, F1, consists of pre-cleavage
folds which, though no(t directly observed, can be inferred
from reversals in facing directlions of bedding which is in
constant angular relationship with respect to the first
cleavager..S2 (related to F2 folds). F1 folds havelbeen
inferred in an F2 fold section at Lighthouse Cove, and
possibly along the southwest coast of Quirpon Isiand. F1
fold style varies 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, Sv1,‘ are not seen,

F2 folds and $S2 cleavage

F2 folds are related to an axial planar foliation, S2,
a pervasive,.anastomosing slaty cleavage, S2 cuts the
;hales, but i\s developed in the sandstones 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




open fold geometries, Fold scale ranges from 1-2m to

. Several tens of metres, and oLthe basis of fold

asymmetries and bedding and cleavage relationships, very
large scale regional fold'structures can be inferred. This
fold generation afi‘ects the Goose Tickle Formation/Maiden

*

Point Formation contact.

F3 folds and S3 cleavage

F3 folds 3ffgct S2 and are observed at only one
locality. The folds are small scale, very open and similar
in style and are not associated with a @leavage.,A cleavage
(S3), which maf be related to F3 folds is more sparsely
developed than the Goose Tickle Formation S3 cleavage and
i1s only observed in the intraformaticnal melange  at Degrat
Harbour.

Structural geometry of subareas

Lighthouse Cove

At Lighthouse Cove immediately north of the contaet
with the small inlier of Goose Tickle Formation rocks,
structural relationships indicate the existence of an F1

-~

fold structure. Here, beds are overturned and dip between

- T0°-87° to the northeast, and 40 to 50m north of this they

are also overturned but dip between 75°9-82° to the south

and all the beds are downward facing with respect to the
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first cleavage, S2 (Fig, 14a, located in back ’cket).

Though the hinge of this structure is nUt seen, the
sense of convergence of the beds suggests the fold closes
to the northwest. If this is the case Ehen the spructure
must; be interpreted as an overturned anticline because t.he
fold axis plunges steeply southeast (Fig. 15a)., However, in
order for Fhis to be true the beds must have been
overturned prior to F1 because both limbs of the F1
stucture are downward facing. This implies a pre-F1 folding
event in order to overturn the beds, and there {s no
evidence to suggest this. Instead it is interpreted that
the F1 fold was originally an anticline that was roﬁated
and overturned during‘F2 folding to become a downwgrd
facing structure., The F1 axijs is contained in the S2 pl'a—ne
of the F2 folds (Fig. 15a) supporting this theory. The -
deformation is pre-cleavage in age and it is possible that

they may have been periods of soft-sediment deformation.
Herring Cove Head to south tip of Quirpon Island

Structural rélationships along the southwesft coast
between Herring Cove Head and the south tip of Quirpon
Isiand may indicate the presence of F1 folding. Beds are
mostly overturned to the west against the Goose Tickle
Formation, 't.hough ina few localities they are right way
up, Beds dip steeply east-northeast and aré cut by S1 which

dips about 65° east-southeast. The bedding and cleavage

’

)
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Figure 15
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rélationships are constant but there are }eversals 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.

o

Grapnel Cove

S2 is axial planar to tight, asymmetric meBoscopic Fe2
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 659 and 80°% The fold axes plunge south at'about‘~

309, (Fig. 156, facin§1h127) and the folds have Z=shaped

dmetries when viewed down the plunge of the axes,
Asymmetries of tbese folds indicate that this area is part
of the western limb of a northwesterly-inclined anticline

which closes to the northeast (Fig. 10, facing p.108).

Colombier Cove and Pigeon Cove
In ﬁhe Colombier Cove area, the, hinge zones of F2
' folds vary in width from 60m at Pigeon Cove to 350m at
Colombier Cove. The large scale F2 fold at Colombier-Cove
has a long normal limb which dips southeast at between 60°
and 80° and an o verturned short limb which dips between

45° and 70° to the east and northeast (Fig. 14b, located in




Plate 39

View to south of part of a tight,’
asymmetric, northwesterly-inclined
mesoscopic F2 fold in the Maiden Point
Sandstones at Grapnel Cove. Long, upright
limb is to the right (west), and short,
overturned limb is to the left (east). Fold
axls plunges south away from camera at about
30° (see Fig.16b)
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back pocket and Fig. 15¢, facing p. })o The axial plunge

of the fold, though variable, iﬁﬂaboutvﬁﬁo-élightly north
of égst. and‘the'stfugture has a Z;shapea asymmetry when

; viewed down the plunge of the axis. The hinge.-line of the
smallef Fe ﬁdld at Pigeon Cave plunées'ioutheaSt-at about‘
-70° (Fig. 15d, facing p127 ), and also has a Z-shaped

) asymmetry when viewed down the plunge of the-axis (Fig.
14b back pocket ). ‘

| These large schle folds may be parasitic to even
larger scale regional fold structure& S2 is axial planar
to both-the Colombier Cove and Pigeon Cove folds and the
outcrop pattern clearly indicates that they both lie on the
same 1imb off a larger scale fold structure (Fig. 16). Tg;,/(4
asymmetry of the Colombier Cove fold indicates that 1£ Jiés
on the northwestern limb of =a northeasterly-plunging,)
northwesterly—inclined\synclinal antiform. On the other
hand "the asymmetry of the PigéonJCove.fold seems to
indicate that it forms bart'of'the northwestern 1limb of a
sodpheasterl?—plunging; northwesterly-inclined synecline.
However, the change in plunge " direction of the axes of
’both folds explains this apparent inconsistency. Thus it
appears that in this area F2 folds, though similar in

style, are nonfcylindrical. ) ' \_




Figure 16

" 'The geometry of observed F2 folds (drawn in heavy
black) and the inferred large scale F2 fold in the
Maiden Point Formation
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South Pigeon Cove

The sandstones on the south side of Pigeon Cove form a
iarge scale asymmetric open F2 fold structure similar in
style to the-Colombier Cove fold. The western, normal long
limb of this structure dips southeast at about 65° and
passes through the g?ntly curving hinge zon‘e into the short
overturned eastern l1imb which dips at about 72° north-
northeast. Stéreographic projectio‘n“shows that the atxis of
this struct.ure, though not seen o‘r measurable in the field,
plunges slightly south of east at about 60° The fold has a

Z-shaped asymmetry when Qiewed down the plunge of the axis,
Cape Bauld

Another large scale F2 fold was mapped around Cape
Bauld where the axis also plunges slightly s~outh of east at
about 45° (Fig. 15e, facing p.d27) 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-pl‘unging inclined to almost reclined

Synclines, and liq in the same domain of the larger scale

structure that also includes the Pigeon Cove and Colombier

Cove folds.
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Grands Galets Point to the south tip of Quikpon Island

Along the southeast coast of Quirpon Is;and, between
Grandsl Galets Point and the south tip, the effects of
differential movement have obscured st.ructur;al.
relationships. Because. of the paucity of well exposed
sandstone compared \v.lith more common pillow lavas in this
region, only two younging directions were determined and
these are overturned to the west. S2 along this coast
strikes northefstwards and dips northwest at about 45°,
vThe bedding and cleavage relationshibs here suggest that
the beds form part‘of‘ the eastern limb of a southwesterl)y-
closing F2 synform lo;:at.ed around the south. ti'p.of the
island. It should be noted that the attitude of S2 alters
from an orientatiom of about 65° eést-southeast on the
other llbimb of this structure, between Herring Cove Head and
the south tip of Quirbon Island, to a northwesterly dip in

this region.

Jacques Cartier Island
. ’ R
The Maiden ‘Point Formation is alsoc exposed in an
incomplete largelscale fold section on Jacques Cartlier
Island where it is in structural contact with the Coose
Tickle Formation on the west coast. Along the ncrtheast
coast beds are overturned to the west and southwest énd 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 north-
northeast, indicating that these lie on the eastern limb of

a northwest'ward—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 Tickfe

Formation, some beds are right way up and dip at about 60°
‘east-southeast. 52 dips steeply eastwards indicating that
beds here form the corresponding western 1limb 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
at;ove the Goose Tickle Formation -on a sub-horizontal basal
thrust which extends east 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. Alth.ough
Daly's (‘1903) cross—-section of Jacques Cartier Island
of fers no structural interpretation it is included for

comparison (Fig. 19).




Figure 17

Geology of Jacques Cartier Island
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Figure 18
. -
( ()}eology of Jacques Cartier Island, after Jamieson
1979 '
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Figure 19

Cross-section éhrough the ﬂbrth end of Jacques
Cartier Island, after Daly (1903)
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Regional F2 fold geometry

" Though there is soM® degree of varifability in fold
axis plunge, all the F2 folds described above lie on the

northwestern 1imb of a major east to southeasterly-pfhnging

partially reclined to upright synclinorial structure

(Fig. 16,.facing p. 131 ).

?3 and S}
}3’folds are observed south of Alun Point in a
(ultramafic?) talc/pyrophyilite pod. Th'e folds are very
open, small scale and similar in sfyle and affect S2., It is
possible that these folds may’pe related to F2, but because
;f the effects of the wunique lithology in which they are
developed they do not carry an axial plane foliation and
the style and scale may differ from other F2 folds.
Stereographic projection of the folded cleavage reveals
that the fold axes plunge due east at 65° which is similar
to F2 fold axis plunges (Fig. 15a, facing p127).

A sparsely developed cleavage (S3) is observed only in
the shale matrix lithology of the Degrat Harbour
1nt;aformational 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 internalsfabrgc. S3 is not seen as a crenulation

cleavage unlike S3 in the Goose,Tickle Formation (see
. \




above), The orientation of S3 is not known because of

inadequate outcrop.
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Goose Cove Schist

* Ty
Actinolite schists

Introduction

The Goose Cove Schist consists predominantly:of a
monotonously-appearing green actinolite schistlwhich,
however, shows evidence éf a complex polyphase deformation
history. Though no mesoscopic structures are.observed the
deformation history can be derived from field analysis of
small scale structures and from microscopic scale
structures identified from thin section analysis. Because
of structural complexities a special Structural

nomenclature has been developed and is given below;

Foliations porphyroclasts  folds deformation phase
S1 Act 1 1
S2 . Act?2 ‘ 2
S3 & S4 \ 3

S1 foliation, S2 folfation and F1 folds

In the greenschists a penetrative schistosity
(referred to as 52) 1s defined by a preferred dimensional
orientation of fine=grained synkinematically=-grown

.actinolite grains, It can be shown in thin section that




these graips represent neoblasts (referred to‘ag Act 2)
deriVed“frdm‘recrystaylization of considerably coarser-
grained, optically strained metamorphic amphiboles
occurring now ‘as relict porphyroclast; (referred to as Act
1} which defined a pre-existing planar fabric (referred to
_as 51)..F61ds related to S1 are n;t’founﬂ. S1 is 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),

' S1 is defined as a fine-scale cohpositional layering
formed from alternating layers of leucocratic and
melanocratic material and may be the remnanﬁ'of an early
amphibole foliatioml The melanocratie layers‘pontain
porphyroclasts of metamorphic amphibole (Act 1), S1 ha;
been almost completely trénsposed into the plane of the
regional schistosity, Sé, and is.preserved only in relict
F1 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 (S1)

can be defined. Si 1s.affected by F1 folds which are thds

second generation structures, Ty




Plate 40

Small scale intrafolial F1 fold affecting an
earlier foliation, 81, F1 fold lies parallel
to the-main foliation 352. These folds are
extremely rare, Goose Cove Schist, Grands
Galets Head







“

Plate 41

Photomicrograph of isoclinal F1 microfold
cut by 83 crenulations in the hinge zone of
an F2 fold, Goose,Cove Schist (crossed
polars)., (Specimen #20-8-2)
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Crenulation (S3) and mineral lineation (L3)

. In both .the actinolite schists and metagabbros, S2 is
cut by a pervasive but weakly developed non-fissile
crenulation S3, which has an associated intersection
crenulation lineation, L3a, that is developed on S2
surfaces. 53 1s not observed in the field except where L3a
'1s‘d‘eveloped on some S2 surfaces, In thin section the
microscopic S3 erenulations have very small amplitudes and
wavelengths of about 0.5mm with very round hinge zones. The
‘axial traces are commonly at high angles to S2, La'.r-ge scale
folc;.s that can -be associated with this crenulation are not

seen, In the coarser-grained metagabbros a well developed

mineral line;tion, L3, is orientated parallel to L3a and is

developed by the preferred dimensional orientatipn of
actinolite grains in the S2 plane. Though not seen in
associatipn it is likely that L3a and L3 are related but
that differehces In grain size between the actir;olite
schists and the metagabbros have influenced the development

of different L—f;brics.

F2 folds

-

S2 1is affected by F2 folds which range from 1-10cm in
wavelength (Plate 42) and vary morphologicaiiy from close
. . K _[ . \\\
totight. They may be disharmonic in stylewith no apparent

consistency in orientation of axial surfaces and axes-or in




Plate 42 .

Small scale non-symmetric F2 folds which

affect the main foliation,. S2. The ~
. crenulation:3s and,the F2 axial planar
foliation S4 are not present in this
locality. Goose Cove Schist, south Grands

Galets Bay - \







sense of asymmetry, to . less common. asymmetric folds with ¢
northwesterly-closing hinges. An axiai planar chevrbn-style
crenulation with angular hinge domains, S4, is developed in
most of the F2 fold hinge zones but is not found elsewhere
(Plate 43). An intersection crenulation lineation, Lua; is
- soﬁétimes assoclated with 5S4 and is sub-parallel to the F2 - -
fdld axes. When observed together S3 and S4 are always
‘1nclined to one another. . .
: It is'nop clear that S3 is older than Si because
definitive o&erprinting relationships are not seen. Plate
4u' shows the relatiénship between S3 (small crenuiations)
and S4 (large crenulat;ons) in ; small scale F2 hinge zone.
S3 1s'developed preferentially on-one'iimb (left of éﬂ
axial surface in Plate 44) of the F2 fold apd is associated |
with the'su crenulaﬁions'bgt is not devEloped ph the other,
This relétionship iﬁlfound wherever S3 and S4 are
associated. Iﬁ'these instances it is likely that S3 and S4
are conjugate kink $ets tHobbs et al., 1976) and can thus ]
‘ . be related to the Same phasé_of deformation, fhe stfong
finely developed schistosity and fine grain size of the
v . actinolite schists make a gdod medium for the dévelopment
of conjugate kink sets (Hobbs-gj al., 1976). . .
Plate 26a (facing p. ) shéﬁs a syntectonic almandine
garnei porphyroblast'that has 6verpr1nted an early
foliation. probably S1. The garnét has been rotated, as

have others which show similar rotational internal faPricm

in an anticlockwise dYfrection in response tb localized *
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Plate 43

Small scale asymmetric F2 folds affecting
the main foliation, S2, The axial planar
foliation, 34, is discernable in the hinge
zones of the folds, Goose Cove Schist,
south Grands Galets Bay







Plate U4} s

Photomicrograph of S3 (smaller amplitude)
and S4 (right of picture) conjugate
crenulations. S3 i3 developed as a wavy
crenulation of. 82, and has
characteristically rounded hinges. 53 1is
always observed at high angles to S2. Goose
%ove Schist (crossed polars.) (Specimen #9-
-1)







-shear-along foliation planes during grbwth. Ihe rootless
isoclinal fold adjacent to thé 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

trail (Plate 5ga, facing p.67). It is possible that this

may be an F1 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 élearly post=S1.
" The hinge domain of the fold, like the garnet, preserves
. the original S1 foliation, The fold closure i3 not
continuous along the fold trace indicating that the
remainder of ihe original S1 fgliétion in the hinge zone
has been completely rotated and transpos;d into the S2

plane.
-Orientation data ,

Stereographic examination of the orientations of fold
axes and axial planes reveals an overall preferrea
orientation. F2 fold axes have plunges that lie on a great
circle which dips east-southeast at about 55° and contains
two point cohcentrations, one horizontal and one steeply
southeast piunging which belong to two different domafns.
within the Goose Cove Schist (Figs. ?Oa & be_This
distribution may indicate that two fold pépulations
reprgsenﬁing different generationq‘cén be di;tinguished but

this cannot be proven'from field éviqence. South of Grands
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. Figure 20

Structural stereonets for the Goose Cove Schist
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GCalets Bay, F2 fold axes are mostly sub- horizontal,

trending north-northeast - south-southwest (Fig. 20a). The
1
axlal planes of these folds have a very shallow eastward

dip at abo\ut 159, though there is considerable variation in

the attif.udes of some planes (Fig. 20b & c¢). This
coincides well with the similarly orientated L3 mineral
lineation 1n the metbgabbros in Grands Galets Cove (Fig.
20d)

L3 has been shown to correlate with L3a, and S3 and Sy
have also been shown to be related as possible conjugate
kinks. Because St is axiat planar to the F2 fold set which
affects S2 then this group of structﬁres may correlate with
a2 single phase of deforrmation.‘ In d.rands.Galets Bay, fold
axes 'geﬁerally plunge southeast at about 50° (Fig. 20b)..
Axial plane attitudes are variable striking from east-west
te north-northeast - south-southwest and with easﬁerly dips
between 50° and 70° (Figs. 20a,. b & c).

Fold hinges measured on dragds Galets Head have
variable plunges which lie on a great circle which dips
east-southeast at about 55° (Fig. 200).:, No axial plane
data are available for these folds.

Though S2 is/affecte( by small scalé F2 folds these

ot feund in conjunction with larger scale structures .
Hoﬁevér, thedata from m'eagured S2 do shou"the existance of .
a large scale fold structure in the area south of Grands
Galets Bay, west of Whale Point. Here 3S2 dips towards the

northwest becoming sub-horizontal westwards and finally




returning to a moderate socutheasterly dip char’acteristic of
S2 elsewhere (Fig. 20e). This variation indicates the
presence of a large scale open synformal structure in this
region with a sub-horizontalfo slightly northeastwards-
dipping axis that trends northeast—southuest‘(Fig. 20,9'
’ facing p. Je This synform also affects ;he'copﬁact
betweenlthe Goose Cove Schist and the Maiden Point Slice
and is therefore of post-emplacement age.' There 1s: stron.g
‘correlation between orlenta@ioﬁs of small scale F2 fold
axes in this region with the ofientation of this large
scale fold structure (Figs. 20a & e, fac&nﬁ p.150). The
asymmetry and sense of overturning of the easfern limb are
also similar. On this basis it is concluded that the large
scale structure is an F2 fold and that thprefore; the small
scale F2 folds and their associated structures (S3, Sﬂ,u
L3a, Li#a and L3) are of post—emplacéﬁent age. . -
The crenulation liqfation, L3a, associated with S3.on
52 surfaces, has a variable plunge concentrating-in a great

west and

circle that trends qorth-northeast - sobth-sé
dips east-southeast between about 20° and 55° (F\gs. 20d &

‘e, faeing p.150 ),

Metagabbros ’ ’ B

* v -
«

e ) . .

S2 is observed in the metagabbros as a coarser, non-fissile

foliatioy defined by diffeqentiated layering of coarse-
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‘

fine-grained recrystallized actinolite (Act .2) and
sericitized plagioclase, A miner-al*' ljineation., L3, is
associated with S.2. The lineation is defined by a preferred
dimensional orientation of the Act 1 am.phibole

porphyroclasts. Sections normal to S2 and L3 show a few

crystals of .'acicular actinolite (Act 2) in association with

the large porphyroclasts, but in sections normal to 52 and

parallel to L3, acicular grains are more numerous and are

seen linking the porphyroclasts in actinolite~rich bands.l

L3 may also be defined by preferred dimensional and
crystallographic alignment of f"inely crystalline euhedral

clinozoisite neoblasts 6r1ented with b-axes parallel to the

actinolite lineation, L3 (Plate 45). One section examined

carried an indistinct crenulvation of S2, which may be

equivalent to S3 or S4 in the actinolite schists. This is
> "Ll_

defined as a preferred dimefmpional orientationlof

actinolite neoblasts (Plate u6)..

Orientation data

The actinolite mineral -lineation, L3, in the .

metagabbros shows a concentration of points plunging to the
southeast (Fig. 20d, facing p.150‘). Measurements from
south of Grands Galets Head also show a concentration to
the southeast but with some 'wide scatter (Fig, 20e, facing
p.150). All but two of these me;surements were taken from

i;he large metagabbro body exposed along Grands Galets Bay.

¥
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"Plate 45a

Slab of Goose Cove Schist metagabbro cut
jpormal to the main foliation, S2, and
nsrmal to the mineral lineation, L3. 52 is
poorly developed Iin this section. L3 is
defined by the preferred dimensional
orientation of actinolite neoblasts and the
preferred dimensional and crystallographic
orientation of clinozoisite. Scale is 4 cm
long. (Specimen #31-7-5) '

" Plate” 45b.

Same specimen as above but section cut
normal 'to 82 and parallel to L3, 82
well developed in this section. Scale is &4
" em long. (3pecimen #31-7-5) .







Plate U4éba

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 sericitized plagioclase matrix
(crossed polars), (Specimen #31-7-2a)

Plate 46b

Photomicrograph of same specimen as above
- but cut normal toL3 and normal to S2 (left-
right). Note clinozoisite has no shape
fabric and intérference colours are mostly
yellow (b-axes normal to plane of
photograph). Note also large strained Acti
actinolite porphyroblasts, = Act2 links Act1
only in the L3 direction and thus does not
appear here (crossed polars) (Specimen #31--
7-2b)







A few readings taken from Grands Galets Head show variable

orientations with a very minor concentration of points

plunging steeply south. S2 has been ?ffected by a sparse

" and weakly developed'crenulqtion bleavagé‘which may bé

either S3 or S4.-

Metasediments:

Pr%bolith heterogeneity 1is reflected by the

development of S2 as an undulose nqn—fissile cleavage. The
earliest fold structures are numerous disharmonic small
scale similar style folds which affect the cleavage ana are
seen in the grey harbles arouhd Grands Galets Head and at
Clous Cove. These chafacﬁeristics are similar to the'Fé
folds seeh in the-actinolige schists with which they are
tentatively correlated. Unfortunately it was mnot possible
to measure fold oriéntations. No large or'mesoscppic scale
structures exist that can be cérrelated with the folds.

Albhough‘s3, L3a, L3 and S84 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 early foliation (S1) or. F1 folds. This

may be a function of eradication of earlier structures by

complete transposition of these into the S2  plane and by

‘recrystallization of the calcareous groundmass (see,Chapfer

.
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CHAPTER 7
: METAMORPHISM
A .
Introdiction .

This chapter will deal with the metamorphic histories"

‘of each unit and rocks are placed into metamorphic zones

according t6 Winkler's (1974) classifi¢ation. Because
sandstones are of little bsg lnAdefining metamorphic grade,
microstructural evidence from them will be discussed in
relation to the metaﬁorphig regime during which these
structures developed. . The me}amorphic history 1is

summarized in Figure 21,

A

White Islands Formation

Deformation of the sub-arkosic sandstones has caused

- the reerystallization of smalfer quartz (and feldspar?)

grains to form a fine-grained matrix with a developing foam
o .
texture. The clay minerals have been altered to fine-

grained sericite which defines the foliation, S1. Thin,

narrowly-spaced parallel layers of sericite restrict grain

boundary migration in the matrix quartz. This has caused a
poorly developed preferred dimensional orientation of the
quartz particularly inithe pressure shadows of the

sandstone graiﬁs where it fdrms digitate-like structures,

P
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\Figu}e 21

Metamorphic history of the Quirpon area'
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Goose Tickle Formation

-

Tﬁe:characteristic paragenesis Qf the pelitic fractibn
- of the gré}wackes ts granoblastic ™dirty" calclte with
interstitial minor chlorite and #elict'quartz'which is
associated with dispersed anhedral crystals of
stilphomelanet The matrix paragenesis of the sandstones is
the sahe but the calcite is anhedral and some Pf the
. feldspér graips are altered.to fine-grained sericite with

’

‘minor stilpnomelane,
. Stilpnome{%ne is fhe index mineral of the assemblage
and dgvel s t‘abproximateiy the,ﬁame conditions as
pyrophyllite and paragopite in other parageneses from pther
metamorphic terranes (Hinklér, 1974) which places the Goose
Tickle Formaticn within tﬁe'very-loﬁ-grade zone of the sub-‘
greenschist facies. This paragenesis appears t; haQe
developed post-tegtonically because the granoblastic
texture of the metamorphic mineréls partiélly overprints
the tectonic fébrié. During deformation the sheet silicate
minerais in the eclay fraction were rotated into sub-
parallelism to fofm the main cleavage, SZ. S2‘1sapoor1y
developed in the sandstones as a fracture cleavage, the
clay minerals refracting around constifugnt grains.
Pressure solutioq occurrea in the sandstqnes durfng

deformation and grains are seen in contact associated with

thin whispy lenses of opaque material oriented parallel to

the foliation, _ : -

A




Maiden Point Formation ) -

.

Pillow lavas
' R

The characteristic paragenesis of the devitrified
matrix of thé piLlow lavas'conﬁ{sfs_of actinolite, chlorite
(largely penninite) and hornblende with rare cores of
piemontite,vmuch sphene, cl{nézoisite (which.is usually
concentrated in subhedralumass€s in discretg pockets),
carbonaﬁgl‘minor'green biotite and rare zoisite, Amygdéles
are filled with radial aﬁd commonly deformed éalcite with
chlorite. The variolitic strhctdresrgenerallyacontain
.variable parageneses of quartz{ chlorlte, clinozoisife,
carbonate and minor sphene. The massive flows have similar
parageneses but small phenocrysts of augite are seen
altered to actinolite and chlbrite. TheSe‘are commonly
rimmed by broun/green)colourless hornblende and actinolite,
similér to the-altered pyroxenes in the gabbros. These
~assemblages place the roéks in the low-gradé zone
(gregnschist facies) and the coexistance of metamor phic
hornblénde with actinolite indicates a temperature around
500°C (Hinkler. 1974), The preponderance of sphene is
indicative of the high Ti-content of the basalts which is
presumably contained in ilmenite. The parageneses do not
.carry a tgqtonic fgbric that can be related to the méi;

. -
cleavage, 32, and metamorphism is thus assigned a syn- to

post-S2/F2 age.

.
Pl . ?
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Gabbros -ﬁ\>§J

QThe éharacteristic mineral assemblage of thé gabbros
is the association of clinopyroxene and kaersutite'but{qith
considerable variation in proportions ;f each;‘ Thé
amphibole is often rimmed by, or has cores of a deep blue-
green amphibole associated with later overgréﬁidz of

colourless amphibole. Jamieson (1977) in examining the

similar Partridge Point gabbro at St. Anthony found

dioritic pockets within kaersutite phenocryaﬁs and thus
con;idergd both the amphibole and clinopyroxene to be

v

magmatic in origin., 5 A

Hetamorphism has caused minor but pervasive alteration
of plagioclase (An 28-32) to clinozoislte and sericite,
minor calci}e and stilpnomelane and small amounts of
chlorite. The skeletal opaques (probably 1lmeni£e) have
all been replaced by leuéoxene/sphene. The amphiboles and
clinopyroxene have undergone.pervasive but relatively minor
alteration to chlorite (penninite). Thus the association
clinozoisite + sericite + calcite + chlorité (in
plagioclase) and chlorite (in Emphiboggs and clinopyroxene)
characterizes, the metamorphic ﬁinerals ofvthé gabbros
placing them in the lpw-grade—zone (greenscﬁigt facies).
The age of‘metamorphiém appears to be sfh- to boat-tectonic

Because of the absence o(/metamorphic fabrics and because

field relationships suggest this age of intrusion (see

-

Chapter 3). » o -
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Sandstones.
TN

chlorité and lesser sericite form thé major
intergranular metamorphic mineralé in the sandstones and
also define the foliation, S2. Deformation and very low
grade m-etaniorphis.m ot.‘ the matrinx clay minerals were 'thus
apparently contemporaneousr l;,ost-tectonic intrusion of ;he
north Pigeon Point gabbro caused extensive but minor
alteration in the adjacent saqutones. Here chlorite and
sericlte have been recrystallized into delicate radially'—:
grouped needles of Stilpnomelane.

Minor pressure solution"c(éusgs, 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.

N

©  Goose Cove Schist

Actinolite Schists

.-Protolithic minerals have been completely altered

during metamorphism p'f the‘schis‘ts. Actinolite is the
"dominant phase and- occurs és early-formed pale. green/blue
.pc.arphyroclasts (Act .1); that commoply show undulose
~extinetion and subgrajn formation and contain "dirty"
1ﬁclusion§. Act 1 porphyroclasts are uncommon and are set
in a matrix of very fine-grained actinolite \(Aet '2), which

a
B




s

defines a strong S-fabric, S2.
Ac‘tinolite i1s finely interbanded with seriéitized

plagioclase with clinozoisite/epidote, lesser quartz and

chlorite and minor muscovite. Fine-grained dpaques with .

sphene alteration rims are scattered througl’;out the r.ock.
i‘he long axes of these grains lie within the plane bf S;'.
The aigtinolite 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 aQsemblage is characteristi{c of
greenschists'\derived from mafic rocks (Winkler, 197'4? and
falls in the (albite)-actinolite-chlorite zone in the. low
temperature parf, of the’lo.w grade zone. The a‘t;sence of
plagioclase f(albite?) is probably due to minor late stage

retrogression to sericite.

Early growth of 4syntecton1c1almandine garnets in minor
4

actinoﬂ.’ite/quantz/garnet schist bands overprint S1, and in
v > .

places contajgn S-shaped inclusion trails (see Chapter 3).
The garnets, which are indicators of increased pressure

(Winkler, 1974), may indicate a peak in pressure during

greenschist facies metamorphism as S1 was developihg, and
a4
%

may be related to increased burial depth during stacking of

hd L4

the allochthonous slices prior to final emplacement.
P 4
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Metagabbros, ) X

Act 1 porphyroclasts are numerous and well developed
.1n the.metagabbr,os. They occur a(s large (up to 0.5cm)
single, and less commonly" polycrystalline colourless/pale.
green crystals, They are characteristicavlly filled with
n"dusty" inclusions which rﬂay be so gumerou-s as to make the
porphyroclasts appear bro’w;'i. Act 2 actindlite is fine
gra‘ined and defines S2. This second period of actinolite
vgrowth 1svrel.ated .to dynamic recrystallization of Act 1
dﬁring F1 folding. The actinolite is interbanded with
'Seri,citized feldspar (p.iagioclase' and microperthite
occasionally recognizable), clinozoisite and‘sphene.

The mineral assemblage is similar to that of the
actinolit‘e schists and t.l';e metagabbros thus also fall in
th‘e'sam‘e low gradie albite-actinolité-chlorite ‘zone of the
.gréenschist facies. Partial sericitization of the:
felds,oa'rs likewise appe'a_rs to be a late stage retrogressive
feature. o

A similar ‘metamorptﬁxic histcz;ry to the actinolite
s.chists is suggested by the‘ gr"owth ..'of early Ac; 1
.por'phyroclasts folloued. by later recrystallization to form

4
Act 2 actinolite which defines S2 in both lithologiles. .
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Summary . of metamorphic and structural hiStéry

‘ A t':hreemphése fmetémorphic an‘d structural history c\an
be defined in ‘the Goose C‘ov‘e Schist (Fig. 21, facing pJd5Y.
‘During the f‘i;-st phase (pfograde?) ‘greenschist‘ facies
‘cqnditions caused almost complete' recrystallization of ‘an
early' -(original?) minéral assem.bla'ge to cgarse-grainéd
greenschists (Fig. 21, facing pJ58). This is séen from the
~.exi’st:ence of relict Aét_1 porphyroblasts found in both the
actinélite schists and metagabbros, ,Tﬁis was probably
contemporaneous with the develo’pmént of the earliest
recognizable tectonic foliation, -S31, now preserved .in
microscopic' and small scale f‘1- fold hinge dom.a;ns. During
the development of S1, growth of sy‘ntectonic alinabndine
garnets was a_l;oioccurring‘and'may ‘indic.ate a .-‘peak in
pressure during stacking of thg él_lochthonous ,sliceé prior

to final emplacenment.

/ .

During the second phase S1 was affected by F1 folds
/

v'an‘d the development of the now do nt S2 fabric was

initiated (Fig. 21, facing p.158), This phase-gcoincides .

with a reduction in grain size from a second p'eriod of
recry;stalllzation jn the actinolite sc‘hist's and
metagabbbros. This caused the eradication of Act 1 and
generated the Act 2 actinolite which defines S2. ‘This phase
of mvetamo'r.phfsm ‘and def‘bi'matgor{ was probably prolonged and
intense be'ca'_l’ue no mesoscopic .orllarge :sca'le pre-32

structures are seen,




The third phase is characterized by waning éreenschist
facies metamorphism and the developmgnt of a suit,’e of ;mall
scale structures which inélude F2 ufolds and associated
conjugate cre'nulvat.ions'(SB and S#4) in the actinolite
'schists, and a miher;l lineation (_LS? in the metagabbros,
all of which are of post-F2 age (see Chapter 6), 'I‘hi's final

phase of metamorphism is post-emplacement in age _because
the F2 folds are correlated witl:1 the folded contact between
~_ the Goose Cove Schist and Maiden Point Formation (see

Chapter 6).
GEOCHEMISTRY

"Introduction

Samples of ﬂaiden Point gabbro and Goose Cove Schist

-metglgabbro were arfalyzed“for uivajor' and trace element
cont;nt. The Maiden Point pillow lavas vere not sampled
because Jamieson 21979) has analyzed these. The purpose of‘
. analyzing 'sam[.‘)les is to deter}nine if there is a genetic
link between the Goose Cove metagabbros, the Maiden Point
gabbrés; and the associated pillow lavas, It was eypected
that there might be no l1ink between the gabbros and the
basalta.si‘nce the former appear to be intn;ded into the
Maidve‘n Point syn-to pc()st-tectonicéliy. Also, no feeder
dykes were seen connecting the gabbros to the basalts,

Jamieson (1977) however, suggested a link between the




éabbros and pillow lavas on petrographic and geochemical
evidence though noting f‘ield-evidence similar to that
observed on Quirpon Island.

1

Characteristic‘associations ‘of major and trace
elements can be used to classif‘y volecanic rocks. ' However,
‘because many of the elements are mobile during metamorphism
_only those which are khown to be immobile {mostly trace
elements) are used hAere (e, g. .Hinchester_é Floyd, 1976;
Jenner & Fry, 1980). Several types of plots were esed to
present the data but only' 'those which showA significant
trends are pre_sented here. |

Discrimination diagrams

lt was found that the Zr/Y ratio was. constant in both
gabbros and metagabbros 80 this was plotted against
elements that variéd i{in abundance. Thus Zr/Y-Cr (Fig. 22)
’and Zr/YaV (Fig. 23) show two distinct parallel non-
convergent trends. Cr 1is lost ealsily dur'lng_fractionation,'
and together with V' is usually concentrated in an oxide
phase (presumably ilmenite in gabbros), thus bothlshou good
fractionation trends. Ti02- V was also Plotted to show
parallel but distinct fractionation trends (Fig, 24). It
should be notéd that the gabbros are unusually rich dn Ti

which may be held in the amphiboles (probably kaersutite).
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2r/Y-Cr discrimination diagram
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Figure 24
‘Ti02-V discrimination diagram
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Triangular Diagrams . -

Separéte trends are well shown in thé 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
fractionation trends and tﬁe points-cluster in two . distinct

groups. The gabbros, except for two poiqta} all fall

inside the "whthin-platei f;eld whereas the meiagabbros

fall mostly'outslde the "low potassium tholeiite" field,
An AFM diagram is given in Figure 27 and shows a
characteriaticvcaic—alkali trend in the gabbros, but the

metagabbros tend to clusteé centrally, This latter

-

- observation may reflect homogenization of the metagabbro$

during prolonged metamorphism,

Discussion

The &1agrams show distinct and separate fractionation
trends and ‘the T1/100-Ir-YX3 diagram (Fig. 26) place the
two groups in separate senétic regimes.’ It can be
concluded from these distinctions that the Maiden Point

gabbros;and the Goose Cove metagabbfos originated from

different.parent magmas and are not geochemically related.
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Figure 25

Sr/0.5=2r-Yx3 triangular diagram
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4 Goose Cove metagabbro

A&B low K- tholeiites
B&C calkc—alkali basalts

B ocean-floor rbasalts .

D within- plate (ocean lsland/ ‘
contmental) basalts \
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CHAPTER 8

STRUCTURAL INTERPRETATION
Intrbductioh

This section deals with the problems of structural
correlation uithinrand 5etueen thé autochthonous and
~allochthonous units in the Quirpon area. The structure of
each unit is treated separately énd finally the correlated
structures are relétéd to the possible tectonic events that
generated them.

The problems of structural correlatibn have been

. addressed in detail by }ark (1979) and Williams (1970) who
'fuarn of the dangers in using fold style aﬁ well as
orienﬁation patterns és criteria for distinguishing
aeparatq‘generatipns of structures,- and hence deformaﬁion‘
'events. Oterpkinting criteria are of fundamenggl importance
when distinguishing relative age sequences of deformation;
but even sSo caution must be exefcised when defining
deforhaiidn périoda because structural overprinting can
occur dufing a 8single distinct vperiod ‘of progressive
deformation. Where overprinting criteria are lacking then
folds have been grouped fogether based on style and are
refefred_to as style groups rather than as generations
(Williams, 1970).  Therefore agy correlation between

qeforhational events which are récorded within each of the




structural slices in the Quirpon area and whic¢h 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, houevhr,'be

¢ )

developed‘in a;l structural slices so that overprinting | . .
criteria can be used, This may be viewed together Hith |
evidence that may indicate a similar contedporaneous
métamérphic history. T

f

LA

Deformational histories of individual units J\_*

3 . Hhite'Isiands Formation )

Correlation of the structurés developed in the Hhite
Islands Forﬁation wiﬁh those'developed in the various units
on Qui}bon Island can only be made on the basis of
orientation and structural style since there is no -exposed
contact Hith these units. Thé‘geometry and orientation of
the 1nferred larée scale F1 fpld of the White Islands
Formation corneSpohd closel;lto the large scale F2 S : -
stfuctures observpd in the‘Goose Tickle and Maiden Point
Formations. Since no mesoscopic F1 folds are seen in the- ?
White Islands Formation similar}ties in style caﬁnot be
compared. Héuevercthe aiial-planar cleaéages of boﬁh fold
sets are similarly orientahed, dipping steeply east-

southeast though 1t is more intensely developed 1nrthe
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White Islands formation. Thus it is possible that
deformation in the White islanda Formation is correlative

with the same deformation that generated F2 structures on

Quirpon Isiand. N
I Goose Tickle Formation
F1 folds

\ ) -t

The Goose Tickle Formation in the Quirpon area

" displays.,internal Structural,complexities. It has been

shown that early tight to isoclinal F1 folds can be

inferred on the basis of reversala in younging directions

of the rocks with respect to 32 4in the Grandmothers Cove

inlier (Fig. 11, facing p.113). A refolded F1 fold hinge is

‘almost completely exposed on rock D) of the Islets (Fié.
10, facing p. ) and a minor hihge was observed on The
"Whale (Plate 30, facing p.70 ) (see-Chapter 6). The

deformation as;ociated with F1.did not produce a tectonic |

fabric-in the form qf an axial plane foliation. Evidence
for F1 structures elsewhere oh Quirpon Islaﬁd is ambiguous
because all. the remaining exposures are adjacent to the
Maiden Point Formation where beds‘have been severel

reworked by the effects of thrusting. It is not possible in
these localities to distinguish betueen modified F1

Structurea or new F2 folds.
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F2 folds

There {s no evidence of early isoclinal folds within
the Goose Tickle Formation exposed on the malnlana between
Point Vert and Chain Rock and elsewhere in Quirpon harbour
which could be correlated with F1 folds on Quirpon Island
(Fig. 13, facing p.l119). pr\rocks'here are considered to
have suffered one phase of deformation producing one set of
folds; F2, and an associated axial planar cleavage, S2.
The possible reasons for the absence of F1 folds is dealtr‘

. . » .
with later on in this section in the proposed structural

model for the Goose Tickle and Maiden Point Formations.

t

F2 folds in Quirpon harbour and on Quirpon Island show
similar fold style and fold geometry. Both fold sets are
tight, asymmetric and northwesterly-inclined wifh variable
axial plunges (Fig. 12, facing pJ16). Since there 1; no.
cross-cutting evidence to suggest that either the mainlanc
F2 set and the Quirpon Island Fé set are‘of different ages
and since'botﬁ fall into the same style group'it‘is
concluded that these fold; were generated during the same
phase of deformation and are hence'time equivalent (see.

Y ’ :

Fig. 7, back pocket).




'Miiden Point Formation

Evidence from elsewhere in the Hare Qay 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 coniaq@ with
either (e.g. Tuke, 1968; Stevens, 1967; Williams and Smyth,
1973). During field mabping the same relationship was
assumed ﬁo be true on Quirpon Islang, where the Maiden
Point formation rests above the Goose Tickle'éormation from
which it_is separat?d by ﬁelange zones and below the Goose

\\ ‘ Co#e Schist where the boundary is a mylonite zone.
S F1 folds

'Earliest deformation in the Maiden Point Formation is
suggested by the presence 6f a single overturned F1 fold
structure in Lighthouse Cove. Williams and Smyth (1974)
also inferred the presence of early pre-cleavage-recumbent’
folds in the Maiden Point Formation in St. Anthony harbour,
and Souih of Hare Bay, by beds that face downwards along

. the post—-emplacement cleavagé. These folds either pre-date
or relaﬁe to the emplacement of the Maiden Point Slice
(Nilliams and Smyth, 1974). It is possible that the

Lighthouse Cove fold is correlative with these.

>
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F2 folds

a

F2 folds vary in style from a) tight to isoclinal

(e.g. Pligeon Cove and Grapnel Cove) to b) large scale
similar folds with interlimb angles up to 90° (;.g
"Colombier Cove, Cape Bauld and south Pigeon Cove, Figs,
15¢c, a & e, facing p.127). The two style grofips are clearly

defined on the basis of fold morphology but both carry the

same axial planar cleavage, S2. Both maintain consistent

asymmetrigs and overprinfing between theﬁ is not observed,
They are thus considered to belong to tHe same fold
generation, 7

All the structures observedvbetween 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 1lie on the northuestefn limb of a major steeply east
to southeasterly-plunging and soutH faciﬁg fold structure
(Fig. 16, facing p.131 ). If this is the case then thé
Maiden Point Formation on Quirpon Island represents one
"limbd of a 1argg F2 structure., The eastern 1limb of this
structure 1is located somewhere to the ;ast of Quirpon
Island (Fig. 20, facing RJSO). It is important to note
that the Maiden Point sandstones in the western and
nqrthern part of Quirpon Island young consistently to the
east and that the formationiis struqturally overturned

against the western edge of the Goose Tickle Formation in

7

&
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the Grandmother's Cove inlier. ThiS relationship 1s
reversed on Jacques Caftier Island where the sandstones

young to the west and are overturned against the Goose

Tickle Formation.

This raises queséions abbut the structural
relationship between the other inliers of the Goose Tickle
Formation and the Maiden Point Formation. The Maiden Point
sandstones at The Whale §ynd at Whale Point yqpng away from
the thrust contacts with|the Goose Tickle inliers. However,
at Lighthouse Cove ¢ e.Maiden Poiﬁt sandstones young
towards the southeast on both sides of the Goose Tickle
iplier. The inliers cannot therefore be explained as simple

anticlinal structures within the Maiden Point Formation and

appear to be related to Maiden Point structure,

Maiden Point/Goose Tickle Formations F1 fold correlations

14

‘Pre-cleavage deformation causing F1 folding can be

demonstrated in the Maiden Point Formation on Quiprpon.

Island and elsewhere in the Hare Bay allochthon (Williams
and Sm;th, 1974)., Pre-cleavage deformation causing the
development .of isoclinal F1 folds has also been

demonstrated for,the Goose Tickle Formation in the

Grandmothers Cove inlier ahd on rook D. of the Islets.

Smyth (1973) and Williams and Smyth (1974) correlate

westward-facing recumbent folds in the Maiden Point

T8

-

be




Formation south of Hare Bay with pre-~ to syn-emplacement

deformation of the allochthon, Ituis believed that the

Goose Tickle and Maiden Point Formation F1 folds, and the

refolded folds in the Goose Tickle/Maiden Point Formation
. : .

~interformational melange zones are structurally equivalent

to thesey though fold style and geometsy cannot be

compared.

Maiden Point/Goose Tickle Formation F2 fold correlations

;etween the south fip of Quirpon Island and Her;ing
Cove Head the Maiden Point san@stonés are overturned and
young to the southwest towards the contact with the Goose
Tickle Formation in the Grandmother's Cove inlier. S2
cleavage ih this region strikes north-northwest whilst
bedding strikes to the northwest, The younging and bedding
and clea#age relationships 1h the Maiden Point Fdrnation Fe
folds together with .F2 fold asymmetries in the Goose Tigkle
Formation inlier in Grandmother's Cove, suggest that the
Goo;e Tickle Formation and the Maiden Point Formation in
thi{ area form a large scale F2_antiformal structure
relateq to foldihghof'the tectonic contacts between the two
form;tion& However when the axial érace of this inferred
structure is constructed along strike through the Maiden
Point<Form§tionvthe expected reversals in younging
direction and chahges in fold symmetry to the sbutheast of

the axis south"bf Pigeon Cove are not observed. Instead,
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the consistency of Maiden Point F2 fold asymmetries and
youngi#directions :.jl ;he northern part of Quirpon Islan‘dv
sugggsts that thefGoose Ticklé and Maiden Point rocks form
the npfthwest limb of a lafge scale F2 synclinal fold which

closes to the northeast and which has an axial trace

.considerably to the east of Quirpon Island,(Fig: 16, facing

p.131). .

The discrbpan@ F2 fold syﬁmet?iga in the ﬁaiden Point

and Goose Tickle Formations in the southern part of Quirpon
Island can be explained if the Grandmother's Cove inlier is

interpreted as a detached sliver of Goose Tickle Formation

+

now resting in the limb of a-major Maiden P,i\ntal-?

structure.“Furﬁher, the distribution of all remaining Js€

"Tickle Formation exposures within the Ha{den Point

Formation cén also be gxplained as detached slivers.

-
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"A structural -model for the Goose Tickle
- ~
and Maiden Point Fonmations

> . -

Y, If; the exposures of the Goose Tickle Formation on’

Quirpon 'Island and Jacques Cartier Island are interpreted

as allochthonous slivers rest.ing in the Maiden Point

Formation then struct(al discrepancies between .the two

Formations can be explained. The Goose Tickle Formation is

thus- intérpreted to have been incorporated into the Maiden :

‘Point Formation, following or 1ln{relation to the

development of P:I:Ifolds during emplacement of the

A'llqchthon. alpng'é series of rising thrust faults that

, reot in, or below, vt.he allochthonous domain of the Gogse

Tickle Formation (Fig. 28). Large ‘scale F1 recumbent uappe

struétures were probably 'being'developed during thrusting -

of _the Maiden Point Formation resulting in an inverted

stratigraphy above the Goose Tickle Formation on Quirpon

Island.. The nature of thrustingA retain:s a consis'tenti-y,

overturned Maiden Point Formation stratigraphy (Fig. 28).
It is 1likely that the Degrat Harbour melange and t.he

-
&

similar melange found along strike around the south tip of
Quirpon Island were generated during thrusting because they
contain blocks of exotie rocks tectonically derive\d from
lithologies (possibly the Northwest Arm Formation) not
exposed 1n the Quirpon area (see. Chapter 5)

‘rhe slivers of ro&s of Goose Tickle Formation were

transported upuards into the thrust slice of rocks of the )

-3
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Figure 28

Diagrammatic cregss-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 F1 fold by the thrusts. F1
folds shown for the Goose Tickle and Maiden Point

Formations are digrammatic and do not intend to imply

différing fold style or orientation .
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Geometry of folded thrusts

ﬂaid'e:n Point Formation along imbricate thrysts. V_The two
slivers of Goose Tickle Formation which are now exposed in
the Granﬂdmother's Cove dnlier .and on the Heét side of
Jacques Cartier Island together "sandwiched"™ a dismembered

sliver of Maiden Point Formation lithology now exposed on

Jacques Cartier Island (Fig. 29). The thrusts also cut

obliquely through and offset a major Maiden Point Formation
F1‘ fold axis (Figs. 28 & 29). The offsettihg of a major
Maiden Point Formation F1 fold axis by imbricate thrusts
explains otherwise ambiguous: reversals Aixn younging
directions’ Qithin' the Formation {(Fig. 29). Together' the

imbricated Maiden Point and Goose Tickie Formations were

thrusted above structurally lower autochthonous rocks of -

the Goose Tickle Formation that were not affected by F1
folds (now exposed along the shore of Qui’rpoﬁ harbour)
(Figs. 28 & 29). Subsequent deformation folded the thrust
cbntactsa generating the F2 folds in the Maiden Point
Format_iown and in the allochthonous and autochthonous rocks

of the Goose Tickle Formation.‘

’

the two large bodies of Maiden Point pillow lava located

between west Pigeoh Cove and Dumenil‘l’oin“t. and south Plgeon'

Cove ¥nd Merchant island, respectively. This can be

explained if these two bodies were orientated coaxially

-
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Figure 29

The geometry of folded-thrusts on Quirpon
Island. Note the large scale Maiden Point F1 fold axis
is truncated against the Grandmother's Cove inlier of
Goose Tickle Formation rocks, This explains facing’
reversals in the Maiden Point Formation with respect
3T= sole thrust (interpreted) . .




! Goose Tickle Fm

|j Maiden Point Fm

E Goose Cove Schist




with respect to F2 fold axes pribr to F2 folding, In other
areas, pillow lava outcrops that were originally 5b11que
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 reasoning expléins the apparently

unaffected cont:acts between the Goose Tickle Formation

inliers and the Maiden Point Formation because these

inliers may also have been orientated coaxially to F2 fold

axes (Fig. 30 explains the geometry of this sitvation
diagfammatically). Goose Ticklefnfidgn Point Formation
contacts that were originally oblique to F2 fold-axes are
not exposed, but are interpreted in this model to occur
wvithin Quirpon harbour. The anomalous fold asymmetiries
along the Goose Tickle/Maiden Point F:ornation contact on
the southwest side o'f 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 two important structural
implications; . |

1) the Maiden Point and Goose Tickleé Formations were

brought together along a major basal thrust, probably

during F1°-folding related to emplacement. This thrust is -

not exposeB‘)but is inferred to lie within Quirpon harbour

separating the autoch;honoua domain of the Goose Tickle

Formation from the allochthonous Goose Tickle an'd' Maiden

Point Formations (Figs. 28 & 29, facing pages{85 &187).
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Figure 30

Diagram to illustrate how the geometry of folded

-thrust contacts between the Goose Tickle and Maiden
-Point Formations can be explained by assuming

obliquity of some thrusts to F2 fold axes prior to F2
folding. thrusts 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
limbd of an antiformal structure shows S-shaped F2 fold
asymmetries. Thrust section B-C; located on the same
limb . of this structure, shows Z-shaped F2 fold

asymmetries. Arrows show the relative direction of
displacement during F2 folding |
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11) the Maiden Point Formation Ft folds are developed
on a veng large scale because reversals in younging
directiqns in the F2 folds are not commonly observed,
éxcept ;n,Lighthouse Cove and on the south tip of Quin@on
Island. Conversely, Goose Tickle Formation F1 folds are
developed on a relatively small scale, because reversals in
youngihg directions are observed within mesoscopic F2 folds
in the Grandmother's Cove inlier, and on rock D, of the
ISlets (Fig. 10, facing p.108). .

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 llmb 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 Qisual

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 dip.
!.-:3 R . " .

Humber Arm correlations

Because the Goose Tickle Formation on Quirpon Island

' ’ Ll
has been shown to be éﬁaochthonou; then a correlation,
based on structural position and tectonic lithofacies, can

be made between the transported Goqse Tickle'Formation and




the tectono-stratigraphically equivalent Blow-Me-Down Brook
Formation of the upper Curling Group of the Huﬁber Arm
Supergroup of the Bay of Islands (see Stevens, 1970) (Fig.
31, located 15 back pocket)..The Humber Arm Supergroup

includes the transported rocks of the Curling and Cow Head
Groups.- Stevens (1970) states that the type section for the
Curling Group 1is 1ﬁ the Humber Arm Allochthon, and divides
it into three units;

1) a lower quartzo-feldspathiec flysch, which includpS
the Summerside, Meadows ind Irishtown Formations of the
Humber Arm Allochthon, and the Maiden Point and Canada Head
Formations of the Hare Bay Allochthon, | |

11) a carbonate flysch, which includes the Cooks
Brook, Middle Arm Point and Green Point Formations and the
Cooks limestone of the Humber Arm Allbchthon and the
Nofthuest Arm Formation of the Hare Bay Allochthon, and

ii1) an ehsterly-derived upper quartzo-féldspathic
flysch, which includes the Blow-Me-Down Brook Formation
(which is correlated witﬁ the allochthonous Goose Tickle
Formation on Quirpon Island)

The correlation fs‘made becawuse,

a) the. upper quartzo-feldspathic flysch and the Goose
Tickle For;ation‘are easterly~derived-

b) the upper quartzo-feldspathic flysch and the Coose

Tickle Formation are transported, .

) . '. . . ‘ [ \
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Howeier the transported Goose Tickle Formation (upper’

quartio-feldspathic flysch) on Quirpon Island lies
stfuctura;ly below the Maiden Point Formation, which 1§
part or“theolouer quartzo—feldspaihic flysch (Sfevena,
1970) (Fig. 31, back pocket). |

“doose Cove thist

The_Goosebpove 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 (Actl)
amphibolite foliation (S1),

i1) folding of $1 by F1 folds which are associated

with an axial planar foliation, S2. S2 was generated from

the dynamic recrysiallization of Act1 to Act2, and
1i1) deformation of F1/352 by F2 folds and associated
conjugate crenulations S3 and S4, and the development of a

mineral lineation (L3) in the metagabbros,

Goose Cove Schist/Maiden Point/ Goose Tickle Formations

structural correlations

It 1is not'possible to make correlations between early

structures in the Goose Cove Schist and structures observed

192
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';n lower slices aﬂd in the autochthonous domain in the

.Quirpon area because of the absence of overbrinting

criteria and’because the rocks are in different slices.
Importantly, the Goose Cove Schist preserves‘no large scale
structures prior to F2, This is probably due to intense

reworking of earlier structures during the prolonged period

ofiéreenschist facies metamorphism during which the S2

foliation was generated, and also to the lack of continuous
marker horizon;-uhich m}ght enable folq surfaces to be
traced,

However, the final phase of folding (F2) affects th;
Goose Cove Schist/Maiden Point Formation contaéh' This 1is
well demonstratedlin tﬁe region between Whale Point and

Alun Point on the qouthftip of Quirpon Island where folding

of the contact can be related to the gently northeast-

plunging large scale F2 synform (Firg.’ZOe, facing pA150).
The oufcrop pattern of the fold surface parallels the F2

‘fold which affects the 1ntrafofmationa1 melange zone in the

Maiden Point Formation in'this area, clearly indicating

that both Maiden Point Formation F2 and Goose Cove Schist

F2 folds belong to the same generation and are of post-

?
v

emplacement age.

’ It is notbpossible to correlate earlier structures in
the Goose Cove Schiaé with -others in the lower
alléchthonous slices using fold style criieria because
mesoscopic a?d large scale structurés in the Goose Cove

Schist are‘absent. However, the ﬁaiden Point gabbros and

. | 193
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plllow lavas suffered pervasive post-emplacement lower
greenschist facies metamorphism subsequent to Maiden Point
F2 folding whilst the Goose Cove Schist was undergoing

waning g?%énschist‘fécies metamorphism during generation of

b
F2 folds, The implication is, therefore, that lower

greenschést facies metamorphism in the Maiden Point

Formation can be related to waning greenschist facies

metamorphism in the Juxtaposed Goose Cove Schist which

would provide a logical heat source for ﬁetamorphism.

Fold preservation in the allochthonous rocks

- It is important to emphasize that although large scale

isoclinal emhlacement folds can be 1§?erred'1n the Goose
Tickle and Maiden Point Formations (F1), no large.séale
fqlds are observed in the Gooaé Cove Schiﬁt that can be
) felated to emplacement of the allochthon. This may reflect,
as already mentiéned, the effect of sevére reworking of
suéh poessible folds or the effects of a different
deformation mechanism, It could a130'fef1ect a temporal
migration of'stfain towards lower structural levels, the
higher nappes and duplgxes starting to ride passively on
the lower units whiéﬁ vwere undergoing large scale recumbent

folding directly above the sole thrust.

.




CHAPTER 9

GEOPHYSICAL ANOMALIES ’

-

Introduction «

The conflict between interpretations of crustal
structures based sSolely on surface geology can be resolved
by using geophysical information which is able to add a
third dimension, depth of section, to these
interpretations, Gravity data for the Quirponlarea aré
taken from the 1:1,000,000 scale Bouguer Anomaly Map of the
Appalachian Orogen (Haworth, et al., 1980) since regional
gravity data are unavailable. Regional magnetic maps for
the Quirpon area are available at one inch to four miles
(GSC map 7366G) and one inch to one mile (GSC maps 4415G &
L418G).

Magnetic anomalies

A magnetic anomaly is defined as the deviation from
the normal value of the earth's magnetic field.
Measurements of the magnetic properties of Newfoundland
ophiolites and pillow lavas yield arithmetic means of 3.5-
50.10-3 An-' (Haworth & Miller, 1982). Haworth & Miller
(1982) found the scatter in rﬁgasured values so large that

‘they adopted a constant value of 25.10 Am'1 for ultramafic
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rocks to determine the general shapes and attitudes of the
bodies.

¢

Previous workin the Hare Bay area

Chlorite schists have been interpreted off‘shoge east
of the White Islands by Haworth et al. (1976a), and their
presence has been confirmed from a drill core sample from
east of Hare Bay (Haworth et al., 1976b) (Fig. 32). Haworth
et al. (1976b) correlated these rocks with the chlorite
schists of the Fleur dé Lys equivalents exposed on Groais
Island (Kennedy et 3l., 1973). They tentatively asserted
that the linear north-south trending magnetic "ridges" east
of Hare Bay might be interpreted as indicating antiforms
with cores of chlorite schist either exposed or in
subsurface close to the seafloor similar to the structures
observed on Groais Island by Kennedy et al. (1973). Haworth
et al. (1976aé&b) also considered this linear anomaly, which
extends from east of Belle Isle to Hare Bay, to be part of
the northern extension of the Fleur de Lys equivalent and
not part of.the Goose Cove Schist. ‘

Core 17 (Fig., 32) recovered foliated sandstone an/d
quartz conglomerate of the Fleur de Lys type (Haworth et
al., 1976b), Noting that Precambrian clastics crop out on
Belle Isle and on the White Islands (the White Islands

Formation, this work) they interpreted a western
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Figuré 32

Geology of the continental shelf off southeastern
Labrador (after Haworth et al., 1976a).

HARE BAY ALLOCHTHON

HO -~ Hadrynianet_o middle Ordovician greywackes,
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, slaté,
limestone, dolomite, minor basalt (Bateau, Lighthouse
Cove, Bradore, Forteau and Hawke Bay Formations)

H - Grenville gneiss, schist, granite and gabbro
EASTERN AUTOCHTHONQUS ROCKS

0S5 - Ordoviecian/Silurian volcanics and minor sediments

HCF - psammitic and pelitic schists, basic schists,
and amphibolites .

HCV - chlorite schist, metagabbro and peridotite

MA and MP - Mississippian conglomeratés, sandstones and
shales

KT - Creta’ceo'us/’l‘ertiar‘y sandstone, siltstone and
mudstone :

OTHER SYMBOLS

Black triangles and numbers refer to core locations
referred to in text




KT

KT




(vstructural?) boundary of the Fleur de Lys to lie east _pf
the exposures of the Bateau Formation on Belle Isle and
west of core 17 and the chlorite schists (Fig. 32). To the
~east the Fleur de Lys i3 in c‘dntact with Mississippian and
Pennsylvanian units. Ignec;us‘ rocks retrieved further east
have been correlated with the Cape St. John Group which
lies at the eastern édge of the Fleur de Lys Supergroup on
the Burlington Peninsula (Haworth et al., 1976a&b).
Williams et 21. (1973) and Williams & Smyth (1974)
intérpreted the sharp anomaly east of the Fishot Islands as
part of the White Hills‘<Peridotite sheet exposed on land
northwesf. of Goose Cove, though Haworth et 3gl. (1976a&b)

made® no mention of this énomaly.
The Quirpon area magnetic anomalies$

Approximately one kilometre east of the White Islands
the 55,000 gammma isomagnetic line approximates the sharp
western edge of the magnetic "ridges". Haworth g:t; al.
(1976b) - interpreted 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 presumab}y White Rocks) Haworth et
al. (1976a) interpreted the boundary between the White
Islands Formation (Bateau Formation) in the east and the

Cambro-Ordovician limestone shelf sequence, including the
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- Figure 33

Magnetic anomaly map of the Quirpon area
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Goose Tickle Formation, in the west. ‘ T

In the centre of Grands Galets Bay there is a roughly
circular anbmali, defined by the 55,000 gamma isomagnhetic
lﬁne. The peak of the anomaly reaches 55,100 gammas
(F§§.'34) which is well within the range of the offshore
magnetic "ridgesﬁ. It is interesting to note that the Goose
Cove Schist on Quirpon ;sland has no magnetic signature
which suggegts that this unit is réther thin. This agrees
with the observed éhickness 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 shape of the Grands Galets Bay anomaly suggests
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 suggests that it rests above the.Goose Cove
Schist in the core of the large scale F3 fold exposed
between Whale Point and Quirpon harbour.

Bouguer anomalies

. Becau§e gravity anomalies show the variations 1in
density of rocks in the earth's lithosphere, information
about near surface rocks ié 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 Mch
larger and do not reveal changes in geological structure on

a local scale as well.

The Quirpon area anomalies
N LS

AN

Haworth et al. (1980) show Quirpon Island lying on tﬁe
15 milligal contour. This value separates a major, rather
featureless positive anomaly about 100km 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 milligal;. The negative anomaly is related to the
Cambro-Ordovician platformal carbonates of the Table Head
and St. .George Groqps.

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 magnetic "ridges" deacribed by
Haworth et al. (1976). 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 cap be correlated with the known geology of the Hare

Bay Allochthen,
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. CONCLUSIONS

Geolog}cal evolution
\

Adequate discussions on the geological evolution of
western Newfoundland with respect to‘ the birth and
destruqti n of the Iapetus Ocean have been gfven by ' several
authors (e.g. Stevens, 1970; Smyth, 1973; Williams and
Stevens, 1974; Williams 1975; Malpas, 1976; Williams and

Smyth (in press)‘anﬁ Jamieson, 1979). A brief synopsis of

the geological history has been given in the Introduction.

A detailed discussion i§ not presented here because tﬂis
would be largely repetative, and is beyend the scope of

this thesis.
Summary

The purpose and scope of the thesis has been to
analyze one part of the Hare Bay Allochthon in order to
clarify and understand the detailed-Ateptonic and
metamorphic processes during emplacement with particular
emphasis on structures and structural correlation. The -
conclusions of this analysis are summarized below in point

form,

1. The rocks in the Quirpon area show a reversed

metamorphic gradient. The structurally highest unit, the




«

¥
1

-

Goose Cové'Schist, is a retrbgressed actinollte greenschist
which forms part of thé‘dxnamothermal aureole of the
6phiolite of the St. Anthony Complex. Below this occur
rocks of the Maiden Point Formation which have undergone
fower greenschist metamorphiém probably as a result of
juxtapositioh>against the cooling Goose Cove Séhist. The
lowest units, which consist of the White Islands and Goose
Tick;e Formations showveﬁidence of sub-greenschist facies

.

metamorphism.

R It has been shown that the Goose Ticﬁie Formation

is in part allochthonous because parts of the Formation

occur as discrete slivers in duplexes with the
allochthonous Maiden Poinf Formation. The presence of
inferred emplacement-related pre-cleavage isoclinal folds
(Fl)‘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 Hare Bay by Smyth (1973) and may be the
result of soft se&iment deformation. |

3. A tectonostratigraphic cérrelation has begn made
between the allochthonous Goosé Tickle Formation and the

Blow-Me-Down Brook Formation of .the Upper Curling Group of

the Humber Arm Supergroup of the Bay of Islands ophiolite
~ ’ .

complex,

203




y, The Maiden Point Formation is struéturally
overturned against the underlying autochthonous Goose

Tickle Formation,

5. A large scale discontinuous intraformational
melang? zone in the Maiqen Point Formation (the Degrat
Harbour melange) csntains blocks of exotic lithologies
which may have been incorporated from the Northwpst Arm
Formation whiech, though not present in Fhe Quirpon Island
section, is elsewhere s;ructurally loweL than the Maiden
Point Formation. ,

6. "An emplacement-related ductile mylonite zone
marks phe contact between the Maiden Point Formation and
‘the Goose Cove Schist apd is developed primarily in Maiden
Point sediments. Laﬁe stage movement is indicated by
sevefal ultramyloniteizones which truncat; the mylonite

foliation. ‘ '

T The Goose Cove Schist preserves only two
recognizable fold generations (F1 and F2) which dre
developed on a microscopic and smali scale. A large scale
post-emplacement kFZ) fold affects the contagt with the
Maiden Point. Formation allowing cbrrelation of pos;—
emplacement structures in both units and in the Goose
Tickle Formation. The lack of mesoscopic and large scale

pre-emplacement structures in the Goose Cove Schist is
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. ; '
probably due to the absence of continuous marker horizons.

.r
Pl

8.‘ .A well‘ﬁefined magnetic anomaly suggests the
presence of an outlier of‘peridotitg‘on the'seafibgf of

Grands Galets Bay. . B

© 9, F2 fold amplitudes in the Goose TickIe'Formation_

become shallower towards the east. This-is ih contrast to
the observation elsewhere in the Hare Bay Al%ochthon tha;ﬁ
post-emplacement folds die out westwa}ds. This may be
because stratigraphically lower rocks are encounténed to
the east which, because they were deeply buried,.escaped

deformation during emplacement. -,
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Figure 2

Geology of the lare Bay Allochthen, after
Williams, Smyth and Stevens (1973); Smytn (1973);
Williams ard Smyth (in press); DelLong (unpublished)
Talkington (1981); Jamiesor (197Q) anc Wocodworth-Lynas
(this work)
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RELATIVE AGE OF DEFORMATION AND TYPES OF STRUCTURE
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CTURE ON ‘QUIRPON (CORRELATION CHART)
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Figure 14a .

The geometry of an F1 fold inLlighthouse Cove
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Figure 31

Comparison between structural stacking order and
original position of slices at Quirpon (Hare Bay) and
In the Humber Arm Allochthon. This figure shows the
correlation between the transported Goose Tickle
Formation and the tectonostratigraphically equivalent
Blow=-Me=Down Brook Formation
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