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ABSTRACT

The a1lochtHonous_sequence south of Hare Bay'comﬁrises four
distinct tectonic slices whiéh from the stfuctura]]y lowest to the
highest aré: the Maiden Point S]ice,.the Croque Head Slice, the St.
Julien Island Slice and the White Hills Slice. The-a]lochthoﬁou;
sequence was emplaced west@ards in Middle Ordovician time over an

autochthonous, mainly carbonate, sequence. The top of the autochthon

consists of a northeasterly derived flysch that contains detritus

derived from the allochthon. This flysch reﬁords a deérease in grain

size, bed thickness and sand‘%ontent,frbm north to south across the area.
The study has shown that the slices of the a]]ochth;n display

different stratigra;hy, different internal deformation and different

meta;orphic history. The slice contacts are in most places marked by

a few tens of meters of black shaley mélange.

The Maiden Point Slice consists mainly of coarse quartzo-feldspathic

greywackes. and minor mafic volcanic rocks. The Croque Head Slice consists

. of ‘fingr grained greywackes than those in the Maiden Point Slice. The
.0 N Ine

St. Julien Island Slice consists of sandy limestone in fault contact

with a polymictic cong]Qmerate. The conglomerate contains volcano-
jﬂutonic detritps which %as probab]y derived from an island arc to the
east. The White Hills Slice contains a partial 55hio1ite,'structura11y
under]ain_ﬁy metavolcanic rocks and minor amounts of metasedimentary
r?cks thszprecord pre-emplacement polyphase deformation and metamorphism.

These metamorphgé rocks consist-of pyroxene-bearing amphibolites,

~amphibolites, and greenschists, that display decreasing metamorphic

grade and intensity of deformation downward and away from the overlying
A

- .
a
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' ultramafic rocks. They are interpreted as a dynamothermal aureole

related to obduction and earliest transport of oceanic crust and

mantle over previously undeformed and unmetamorphosed supracrustal

rocks. , - Ty
: ’ N\

Emplacement of the allochthon in ‘Middle Ordovician time -

.produced a slaty tleavage, rare recumbent folds ana low greenschist
ﬁetamorphism in the lower tectonig slices aﬁd in the mélange zones.
The autochthonous rqcks are in most places unaffected by the émp]acement
deformation (Taconii orogeny), except at Canada Bay'wheré méﬁange is
absent and an imbricate structure and associated northwest-facing
recumbent folds are developed. ’

After Middle drdovician émbiacement the whole area was affected
by the Acadian ;rogeny. The pre-'and syn—emp]acement‘structures are
refolded .about open, upright to moderafe]y inclined folds and an
associated crenulation c}eavage is widely developed.

/ N The ewvolution of the allochthon and autochthdn is described in
terms of a plate-tectonic model related to the birth and destruction
of a cdntinenta] margin and a marginal ocean basin from late Precambrian
to upper Pé]eozoic times. Comparisons with the other "Taconic" allochthons

found along the western margin of the northern Appalachians suggests

that similar tectonic processes contrglied their evolution.

(wii)
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CHAPTER I

INTRODUCTION

A
-,

Location, Access and Means of Travel

The Hare Bay Allochthon is located at the tip of the
Great Northern Peninsula, the northeastern extremjty of the Appalachians
in Newfoundland. The Allochthon extends for approximately 120 km along
the western shore of whiie Bay and\yp fo 35 km inland. Hare Bay
exposes-gn excellent cross section across its central part and f&rms the
northern bgundary of the map area. Canada Bay affords anofher well
exposed cfoss section across its southern'part. The'southerq and wéstern
extremities of the allochthon soufh.of Hare Bay approximéle]& define.the.
limits of the map area. ) -'\»—~"!

Main Brook in Hare Bay and Englee iﬁ Canada Bay are
served by unpaved roads and a road to Conche was opened in 1970. Access
to the small coastal settlements of Canada Harbour (reseit]ed,1§71),
Crogue, Grandois, St. Juliens and Fishot Is}and is by sea and the area is
- served by C.N. ‘coastal boat service approximately once a week.

The coastal survey was by means &f an 18 ft. open boat,

"Moses", the flagship of the Geology Department. A small rubber boat was
. [ /\\

used on Whites Arm Pond and a 12 ft. aluminum boat with a 9 hp motor on
Coles Pond. Base camps were made at Main Brook (1969), Englee and Conche
(197@™and 1971) and abandohed houses rented in various settlements along

the coast served as temporary camps.




Physical Features

~ The central core of the Great Northern Peninsula is
’under1ajn by gneisses that fbrm the Long Range Méuntains (Fig. 1) that rjse
up.to 760 m. Flanking the mountains to the north and west are lowlands
(0-120 m) underlain chiefly by carbonate cover rocks. The northeaétern
parf of the peninsufé is underlain by allochthonous rocks that form a

rolling upland terrane rising up to 260\m in the map area. A prominent

north-south trending scarp marks the western extremity of theia11ochthon

and a number of large ponds are located at its western foot. The
allochthonous terrane is u?der1a}n chiefly by/sandsfbne and consists of
rounded, uncovered hills with intervening depressions Qoveregiwith forest,
mafsh or ponds. A prominent ridge tQaf runs from Whites Arm to Croque
Harbour is the topographic expression of resistant basp1t.and similar ridgés -
occur north of Coles Pond. The 1ong,)1}£ear depression within the uplands

in the northern part of the area is bottomed by'égrbonate-and represents';
window through the a]iochthon hereby named Whites Arm Window. The strong
northeast grain of the uplands réf]ects the\regl8291 structure and erosion

v

along fault zones.
S‘ 9 -- I3 . - .
: Drainage in the area is poar and major rivers are only

established in the lowlands. Streams flowing off the uplands commonly

. disappear and flow undé;ground.through the carbonates of the lowlands. -
Glacial till .is patchy and thin. 'G1ac1a1 ;rratics_are

common and together with the g1aciél striations indicate an easterly

movement of glacial ice. (Fig. 3). )

Exposure along the coast i% excellent ahdeare Bay,

. |f~"~ )
Whites Arm, Croque Harbour and Canada Bay afford valuable cross sections.




The shoré line is -gentle i& Hare Bay but becomes cliffed south” of St. Julieﬁé.
However, ih‘mOSt places the cliffs are accessible.from a small boat except
south of Canada Head Qhere landings can rarely be made. Inland, exposure

is moderate in the uplands but generally poor in the lowlands.

;

Geojogica1 Setting

The Hare Bay Allochthon Ties upon phe Western Platform
(Kay,1967), oé@ of three distinct geo]ogicé] provinces of the Newfound]and
Appalachians defined by contraéting Precambrian and early Paleozoic
depositional and structural history (Williams, 1964). e

The Western Platform is bounded to the east by thes Central
Mobile Belt {Williams, 1964) that consists of two northeasf trending marginal
Qrthotecfoﬁic belts with a wide paratectoﬁic central portion that consists
in part of a typfca] ophiolite successionv(Snooks Arm Gcoup:'Lush's'Bighf
Grouﬁ). The western orthotectonic belt consists of an older Grenvillian (?)

gneissit basement (M. de Wit, unpub1i§hed), overlain by a lower psammite

division, followed by a mixed greywacke and mafic volcanic sequence, in

turn overlain by mixed mafic and silic volcanic rocks and cut pre-kinemqtical]y

. ) o
by acidic intrusions (Kennedy, 1973a).The entire succtession is collectively
4 . .

referred to as the Fleur de Lys Supergroup (Church, 1969)

.

The geology of the Western Platform is typ1ca1 of that
all a]ong the western margin of the Appa]ach1ans and cons1sts of three
major tectonic elements outlined in Fig. 1, namely: | .
(1) - Precambrian crystalline basement deformed during

‘the Grenvillian orogeny,
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(2) an autochthonous Cambro-Ordovician carbonate sequence
that unconformably overlies the Precambrian rocks and
consists of a thin basal clastic-volcanic unit, overlain
by a thick dobstone- 11mestone unit and capped by an
easterly-derived flysch umt
{(3) a series of aHochthonous thrust slices emplaced over ~— -
the autochthonous sequence in middle Ordovician t1mes
The transported rocks constitute two disconnected masses,
the Humber Arm Allochthon in the south at Bay of Islands
and the Hare Bay AHo'chthon in the north. The lower
structural slices of the allochthons consist of Cambrian (?)
to lower Ordovician mainly clastic sedimentary rocks ,
overlain by higher structural slices that consist of igneous

and metamorphic rocks. The highest slice contains an

ophiolite sequence with an attached aureole of metav61canic

[
rocks at its base. The slices are ,general ly separated from

each other and from the autochthon by black sha1éy mé]ange

zones.

History of Previous Work and Development of Ideas

Prior to 1937 1ittle was known of the geology of the
Great Northern Peninsula. Murray made a cursory coastal examination of
White Bay in‘1864 and recognized a succession of Precambrian gneisses

followed by Cambrian sediments and by limestones and sandstones of presumed

Silurian age. Forty years later Howley (1902) spent a week in the Canada

~




Bay area.and generally conclirred with Murray's findings. Schucheft
and Dunbar (1934), in their memoir on western Newfoundland,correlated
the carbonates and the overlying ﬁandstones and shales of the Canada
Bay area with the Cambro-Ordovician carbonates and the overlying clastic
Humber Arm series of western Newfoundland. They thought that all of the
sediments of western Newfoundland comprised a single sequence of Cambrian
to upper middle Ordovician age and this idea stood until 1963.

Cooper (1937) mapped the Hare Bay area on a scafe of
1" to one mile and published the first comprehens jye geo]ogizeport
on part of the thesis area. Cooper recogm‘zed.two contrasting sequences
and described a iower division consisting of limestone and an upper
division characterized by sandstone and lava flows. Cooper divided the
rocks into formations and his terminology has been adopted by later woekers.
Al though Cooper failed to recognize the allochthonous nature of the rocks
in the area he did realize the importance of thrust faults. He placed the
White Hills Peridotite Sheet and the underlying amphibolite and greenschists
in a8 separate thrust sheet or "decke" and estimated a disp]acemept of eleven
miles for this sheet on the Hare Bay thrust. He attributed the amphibolites
and greenschists to contact metamorphism by the peridot{tes‘and suggested
that another ultramafic mass lay seaward east of Fishot Island to account
for similar metavolcanic rocks exposed there.

In 1939 Betz mapped the Canada Bay area and recognized
Precambrian gneisses unconformably overlain by a Cambro-Ordovician

sequence which he subdivided into 9 formations. He correlated the upper
\




four formations with Cooper's Ordovician sequence in Hare Bay. Betz

recognized a number of thrust faults and recumbent f'olds in the area

but placed the'entire sequer;ce in a normal stratigraphic sucgession.
The first revolution in thought on the geology of

western Newfoundland occurred in 1963 when Rodgers and Neale, following

suggestions by Johnson (1941} 'and Kay (1945), rejected the thfory of a

s1ng1e conformable sequence for the rocks of the Humber Arm and Hare Bay
areas. They recognized that foss11s collected in the Humber Arm Series
showed the upper clastic sequence to be in part contemporaneous with the
Jower carbonate sequence. These anomalous relationships were previously
explained by the clastic sequence being Tocal facies variations in the
carbonate sequence. Rodgers and Neale, realizing the similarities of
the geology and tectonic setting of west Newfoundland with thé Taconic
Klippe of New York State, proposed that the upper clastic sequence
constituted a separate but contemporaneous.seguence which was deposited
to the east of its present location. In Middle Ordovician times the
clastic sequence and associated ultramafic rocks were emplaced as klippen
on top of the carbonate sequenqg, presumably by gravity sliding.

Tuke (1968) mapped the area north of Hare Bay to
investigate this possibility. He confirmed Rodgers' and Neale's
prec;iction of two superimposed sequences of different 1ithologies but
of similar age. Tuke delineated three separate slices and showed that the
White Hilks Peridotite Sheet occupied the highest slice.

The second revo1utior3 in the interpretation of the geology
occurred with the advent of plate tectonics when Stevens (1970) and

Church and Stevens (1970, 1971) interpreted the Bay of Islands Complex and




the White Hills Peridot‘.ite Sheet as oceanic crust and mantle. Stevens (1970)
viewed the sediments in the a]]ochfhon and in the upper part of the
autochthon as flysch deposits related to ocean birth and destruction.

Stevens (1968) previously had recognized that the metamorphic rocks at

the base of the ophiolite slice had suffered polyphase deformation prior

to emplacement. He interpreted the metamorphic rocks as previously

deformed low grade schists that were "overprinted by thermal metamorphism
bordering (the) ultramafics" (1968, p. 8). This view was later subscribed
to by Church and Stevens (1971) and Church (1972), who considered the
aureole to include at :nost only the amphibolites.

Smyth (1971),in a preliminary report on the present work,
outlined the various tectonic slices of the allochthon from Hare Bay to
Croque and recognized the importance of pre- and post-emplacement
deformations in that area. He concurred with Stevens {1968) that the
greenschists and amphibolites of the ophiolite slice had suffered polyphase
deformation prior to emplacement but showed that the growth of metamorphic
minerals accompanied the deformations rather than overdrowing previously
deformed rocks. He concluded that if the heat was supplied by the ultra-
mafic plutons then the ultramafic rocks must have been emplaced before or
during the first and second deformation. _

The Hare Bay Allochthon ha's featured in most of the recent
plate tectonic models for the development of the Newfoundland Appalachians ™
most notably by Bird and Dewey (1970) and Dewey and Bird (1971). However,
their interpretations of this area are based on previously published
reports and no new rock relationships were added, although they put the

]

area in sharp perspective. .




R Recent work north of Hare Bay by Williams, Smyth and
Stevens (1973) outlined four major tectonic slices in the allochthon and
their order of structural stacking has been determined for the first time.
A map of the entire Hare Bay Allochthon by Williams and Smyth,

incorporating their work north of Hare Bay with the results of this study

is in preparation.

Purpose and Techniques

oz SR ‘
7\{* i
stratigraphy and structure of the little kngn area south of Hare Bay

The present study was undertaken to determine the

and tq map for the first time the intervening 40 km between Cooper's
and Betz's map areas. Of special importance was the determination of
the number of tectonic slices that comprise the allochthon in that area
and to determine their order of structural stacking.

Three field seasons were spent ﬁapping the area on a
scale of 1:50,000 and locally on a scale of 1:12,508 approximately, using
air photographs supplied by the Department of Energy, Mines and Resources,
Ottawa. The principles of small scale structural mapping as expounded by
Wilson (1961) and the concept of facing directions of folds (Shackleton,

1958) were used throughout. Special attention was paid to the nature of

the boundaries between the various a]loch@?onous slices and the mélange

zones. Using the principles of polyphase deformation, the presence of
three major phases of deformation have been recognized.> By determining
whether the structures produced are truncated by or cut across the mé]ange
zones it has been possible to date the deformations as having occurred

pre-, syn- or post- the emplacement of the allochthon.




The field work was supplemented by a detailed petrologic
study of thin sections. Qrowth phases of metamorphic minerals in relation
to the phases of deformation have been determined using the textural
methods of Zwart (1960) and Spry (1968). Mineral identification was by
normal optical methods dsing the data of Kerr {1959) and of Deer, Howie
and Zussman (1966).' Plagioclase composition was deterﬁined by the
Michel--Lévy method using a four axes universal stage.

Reconnaissance work north of Haré Bay and correlations
with the work of Williams, Smyth and Stevens (1973) in that area allows
discussion of the Hare Bay A]]ochthon in {ts entirety.

»
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CHAPTER II
THE AUTOCHTHON

Introduction : N

The autochthonous éequehce consists of four units
namely, basement gneisses of Precambrian age; a basal clastic-volcanic
unit of Eocambrian age; a middle carbonate unit of early Cambrian to
early Ordovician age; and an upper flysch unit of Middle Ordovician age.

The formations which comprise these units are listed below in Table 1.

[___”_,,“ﬁ“ J,__Hmv . . g - .
! UNIT FORMATION ‘
— S, |

- UPPER FLYSCH UNIT Goose Tickle Formation )

! *

: Sugarloaf Schists

Ir_,.._. — - - S e o -4 B T I R T - - ]
. iMIDDLE CARBONATE UNIT . Table Head Formation

| S
St. George Formay?Bn

Treytown Pond Formation *

Cloud Rapids Formation *

Forteau Formation

' Dev1ls Cove Formation ¢ ‘
r.”. R e

| BASAL CLASTIC-VOLCANIC UNIT Bradore Formation |

4
L1ghthouse Cove Formation

—_ - - R + e e

BASEMENT GNEISSES Long Range Complex

Acid and Basic Gneisses

TABLE 1: Table of Formations in the Autochthonous Sequence

(* Denotes formations that do not outcrop in the map area).

-
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 Basement gneisses outcrob‘in thesouth of the area
where they form the northernmost e*posures of a large inlier o% .
Grenville gneisses named the Long Range Comp]éx.(C1ifford and Baird,
1962). Just to the north of this inlier, infaulted into cover rocks, is
a small block of lithologically distinct, but probably fe]ated gneisses,
referred to as the Acid-and Basic Gneisses. ‘ N

| The basal. clastic-volcanic unit unconformably ‘overlies

«the Long Range Complex around its northern periphery. It consists of
conglomerate, basaltic lava, and sandstone. A small area of the clastic-

R 11
volcanic unit occurs east of its main outcrop belt faulted into the

upper flysch unit. The middle carbonate unit consists of a clear
succession of liméstone and shale, domstone and rubbly-Qeathered 11mestoné
from lower Cambrian to lower Ordovician age.

The upper flysch unit conformably overlies the carbonate
unit and marks an abrupt cessation of warbonate degbsitipn. The flysch
was easterly derived and contains det;Eius that can be matched with the
allochthonous rocks that now structurally 6ver1ie it. The flysch unit
outcrops in a north-south trending belt that parallels the western margin
of the aldochthon. It is also exposed in Whites Arm Window, an area of
autochthonous rbcks exposed through the a]lochthoq cover following
Acadian (Devonian) fo]iing. In the extreme south ;} the area thé”flysch
appears to grade into lithologically distinct semi-pelitic schists,

_referred to as the Sugarloaf Schists. The Sugarloaf Schists may be an

equivalent of the upper flysch unit that was intensely deformed by the

‘émplacement of the allochthon.

T~




The allochthon was studied primarily from a structural
viewpoint to determine the deformation effects of allochthon emplacement
on it and to understand the effects and extent of $he post-emplacement
Acadian orogeny. However, a number of important stratigraphic

relationships and problems were encountered, namely:
) ]

1. The occurrence of a faulted block of bésement

gneisses of uncertain affinities within autochthonous
cover rocks.
2. The occurrence of rock stratigraphic units within
the faulted block of the bésa1 clastic-volcanic unit
not present in the main outcrop belt of this unit only 2.4
km to the west.
3. A decrease in grain size and sand content of the
upper flysch unit from north to south.
4. The discovery of autochthonous rocks in Whites
Arm Window, clear evidence of the importance of post-
emplacement folding.
5. The enigmatic occurrence of semi-pelitic schists
below allochthonous rocks in the south of the area.
{;\/ \

BASEMENT GNEISSES

The gheisses of the Long Range Complex (Clifford
\ \
and Baird, 1962) define the southerh 1imit of the map area where they

are unconformably overlain by the Lighthouse Cove and Bradore Formations.




S

Sixty meters north of the Bradore unconformity
with the Long Range Complex at Seans Cove in White Bay, aﬁd north of a
major normal fault, is a small area of lithologically distinct Acid and
Basic Gneisses. The top of the Acid and Basic Gneisses is a tectonic
contact with cover rocks, named the Sugarloaf Schist;. The stratigraphic
relations of the Sugarloaf Schists to the overlying allochthonous rocks
is uncertain and hence the relationships of the Acid and Basic Gﬁeisses
to the allochthon and é]so to the fault separated Long Range Complex are
problematical. prever, the Acid and Basic Gneisses are considered to
be~of Grenvillian age and to be related to the Long Range Comb]ex, as:
1. They possess a gneissic foliation that predates the
first fabric recognized in the cover rocks.

2. They are intruded by a post-tectonic granite that
is similar to a late granite in the Long Range Complex

at Seans Cove.

3. They are spatially related to the Long Range Complex.

" LONG RANGE COMPLEX

The Long Rahge Complex consists of coarse crystalline

acid gneiss and minor basic gneiss. Aciq gneiss is excel]enf]y exposed

at Seans Cove in White Bay and around the north shore of Otter Cove

(Fig. 3). The rock is pink, massive to well foliated, quartz-plagioclase-
k-feldspar-biotite gneiss. At Seans Cové the gneisses are intruded post-
tectonically by a pink microgranite (Plate 1, fig. a). Basic gnefss is

rare. and accurs as foliated pre-kinematic sills or dykes in the acid
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gneiss and also as larger méta-gabbro bodies. Meta-gabbro is exposed in
Canada Bay northwest of Gouffre Island where it is unconformably over-
lain by Bradore sandstones. The meta-gabbro is retrogressed to a
chlorite-sericite-hematite rock.

Along the west shore of Canada Bay the gneisses are

# .t post-tectonically by mafic dykes.

ACID AND BASIC GNEISSES -~

Acid and basic gneisses outcrop for approximately 610 m
along the shore of Nhjté Bay, northeast of a major north-south trending
fault, the Wild Cove Fault of Betz (1937) (See Fig. 3, section E-F).

THe gneisses are poorly exposed inland and have been traced only for
305 m northwards. Foliation in the gneisses dips moderately to the

c northeast and their upper contact is a late minor fault which separates
them from a major'tectonic slide (Fleuty, 1964 b), named the Sugarloaf
Slide, which consists in part of mylonitized gneiss and granite. The
gneisses are cyt by post-tectonic granite dykes that occur in great

profusion eastwards towards the structural top of the gneisses. Rare

bost-tectonic mafic dykes cut the gneisses and the granite dykes.

Lithology

The gneisses consist of light grey acid gneiss with minor
interlayered hornblende gneiss. The layers of hornblende gneiss are from
0.6 m~- 3.6 m thick and are the thickest and most abundant to the west near

the structural base of the gneisses.

/

£
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The gneisses possess a moderate to strong banding.
The banding is best expressed in the acid gneiss by a]ternating>quartéo—
feldspathic and mafic bands from 1-4 cm thick and the mafic bands
possess a concordant biotite foliation. The hornblende gneiss {s on]&x
locally banded and consists of weakly defined hornblende and plagioclase
bands from 1-2 cm thick. In most places the hornb]ende‘gneiss possegkes
a stPong foliation that is concordant to the bandimg. Rare blocks of
acid gneiss occur as inclusions in the hornblende gneiss and the foliation

is concordant with both.

Fabric
The gneissose foliation and the post-tectoni granite
dykes are cut by a gently dipping schistosity that intensifies eastwards

f,

towards the structural top of the gneisses.

Petrography

The acid gneiss is composed of plagioclase (73%),
quartz (20%), biotite (7%), with minor hornblende, epidote and sphene
and accessory apatite, zircon and opagues.

Plagioclase (An32) is the dominant mineral and occurs
as idiomorphic to xenomorphic crystals that are partially to completely
sericitized. Small rounded quartz inclusions are common but form no
definite internal fabric. Quartz occurs as xenomorphic crystals and
eblongate aggregates that parallel the foliation. Brown biotite occurs as
laths up to 2 nnllon& that lie in the plane of the foliation. Hornblende,
associated with biotite, is present in small amounts in subidiomorphic
crystals. Epidote occurs as small xenqmorphic crystal aggregates and also

as an alteration product of the plagioclase.




The amphibolite gneiss is composed of hornblende(60",)

plagioclase (20-40%), with minor quartz, epidote, sphene, épatite and

opaque$. Hornblende forms subidié&brphic,crys als 1-2 mm across that
are aligned parallel to the foliation. P]agioc1gse form¢ twinned and
untwinned xenomorphic crysfa]s 1-2 mm across that are generally highly
altered. Quartz is locally present in major amounts’gnd occurs as small
irregular crystals. T7 .

Where the gneiss has been affected by the later deformation
it has suffered extenhsive retrogressive metamo?phism. The feldspar is
commonly comp]stely sericitized and saussuritized and locally the sericite
is a1;gned and defines the superimposed fabric (S]). Biotite flakes are
kinked and broken and partially chloritized and hornblende is altered to
chlorite. In highly deformed examples the acid gneiss consists of isolated
quartz and chloritized biotite crystals set!in a sericite groundmass and

the rock resembles a deformed sediment. However, the large, kinked biotite

flakes are distinctive.

BASAL CLASTIC-VOLCANIC UNIT

The basal clastic-volcanic unit consists of a thin,
locally developed conglomerate, overlain by basalts of the Lighthouse Cove
Formation, in turn followed by arkoses of the Bradore formation. The basal
conglomerate has beeﬁ referred to as the Bateau Formation on Belle Isle
(Williams and Stevens, 1969), but in the map area it is thin and of limited
extent and hence is not given formational status but is included in the

»Lighthouse Cove Formation.




LIGHTHOUSE COVE FORMATION

The basalts and the underlying and intercal ated coarse
clastics which unconformably overlie the Long- Range Complex ame assigried
to the Lighthouse Cove formation. The formation outcrops at the south
shore of O‘tter Cove and in a fault bounded block west of Burnt Point. The
name Lighthouse Cove Formation was first introduced by Williams and Stevens
(1969) for volcanic rocks that overlie basement gneiss on Belle Isle and
was later extended by Strong and Williams (1972) to include volcanic rocks

~ that occupy similar stratigraphic levels at southeastern Labrador and

Canada Bay. The main outcrop of the Lighthouse Cove Formation in Canada

Bay-at Cloud Mountain was not examined.

At Otter Cove,9 m of lava with top unexposed outcrops
in two small separate areas. The lava either rests directly on the Long
Range Complex or else is underlain by up to 3 m of ‘coarse sandstone and
pebble—conglome}fat‘:e. The southernmost e5/<posure consist§ of two flows
separated by a 1 m thick béq of pebb}ebong]omerate containing fusty
weaﬁfé”r“"ed‘quartzite c]asts: Locaﬂy,hwhere lavas directly overlie clastics,
the‘ basal 1 - 1.5 m of the flow contains vesicular pillows (Plate 1, fig. b;~
Plate 2; fig. a). Towards: the top hexagonal cooling joints are developed
(Plate 2, fig. b) that are well exposed on wave washed surfaces.

West of Burnt Point.a high angle thrust block of the basa1‘ ‘
clastic-volcanic unit is exposed. It consists of a porphyritic microgranite
intrusion at the base, structurally overlain by a- plutonic boulder conglomerate
(6 m thick), and followed in turn by pillow lava and Bradore ::ndstone.

~The contacts where exposed are thrusts. The conglomerate has moderate to

well rounded clasts from cobble to boulder size (Plate 3, fig. a) that
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consist of pink granite gneiss, amphibolite, and quartzite. The clasts
are grain supported and the interstices are infilled with a fine
schistose muds tone.

The volcanic rocks of the Lighthouse Cove Formation are
light to dark green and generally a]téred. In section the lava is either
microporphyritic with amygdules or porphyritic without amygdules.
Phenocrysts of p]égioc]ase (An48) and rare quartz are present. The fine

- grained grbundmass of augite, plagioclase and iron oxide is generally
altered to fibrous actinolite, chlorite, epidote and hydrated iron o‘xide.
Interstitial patches of chloritized volcanic glass are common and small
patches and veins of secondary albite and quartz occur locally. The
.amygdu]es are infilled with quartz-, chlorite, epidote and natrolite and
sohe have a thin rim of iron oxide.

| The lavas are of .tholeﬁtic composition and were once
thought to be chemically similar to thimafic dykes which cut the basement
gneisses (Strong and Williams,1972). However,-further .analy'ses now
contradict this correlation (D.F. Strong, péks. comm. ).

-
BRADORE FORMATION (CLOUD MOUNTAIN FORMATION OF BETZ)

-

Betz named the sandstone unit that unconformably overlies
the Long Range Complex and presumably overlies the Lighthouse Cove Formation,
the Cloud Mountain Formation, and he correlated it 1ithologically with the

Bradore Férmation (Schuchert and Dunbar, 1934) of southeast Labrador. The

name BradomFormation is now widely used and is favoured here.




The sandstones crop out along the north shore of Otter
Cove (Betz's type section) and southwards along the west shore of Wild
Cove (fig. 3). From Wild Cove the beds continue inland and reappear on
the shore of White Bay at Seans Cove. A small area of Bradore sandstone
occurs in a faulted block west of Burnt Point whf:re it $tructurally overlies
the Lighthouse Cove Formation. Unconformable relations with the Long Range Com-
plex areexposed at Otter Cove, Fly Point, northwest of Wild Cove and
Seans Cove (Fig. 3). The sandstones are conformably overlain by limestones
of the Devils Cove Formation at Otter C;)ve and at Wild Cove.

Betz (1939) measured 585%&. (178 m) of strata at the
type section, however, this study shows the formation to be 64 m thick.
Two thrust faults near Dieppe Point repeat the top of the succession and
may account for Betz's figure. West of Wild Cove 60 m of strata were
estimated. This compares with a thickness of 220 to 230 ft. (67 to 70 m)
. at southwest Labrador and of 300 to 4QO ft. (91 to 121 m) at Belle Isle

(Williams and Stevens, 1969).

The Bradore Formation consists of a locally developed

basal breccia followed by grey, to white, dark to 1light purple, sub-arkoses, -
green sandstones and siltstones with lTocal pebble conglomerate. Towards
the top of -the section,black, hematite-stained, sandstones with thin
hematite pebble conglomerate predominate.

The basal breccia is best_expos:ed at Seans Cove in White
Bay where it is up to 0.5 m thick and consists of angular blocks of granite

gneiss and undeformed microgranite set in a green sericite matrix (Plate

3, fig. b). West of Wild Cove the basal beds consist of 18 m of fine-grained,




green, subarkose that does not appear on the coast and cannot be followed along
strike. [t appears that the basal beds represent infilling of a local
depression.

The succeeding beds onlap onto unweathered basement

gneisses and are well-exposed on the coast. They consist of a thin pebble

conglomerate bed containing clasts of quartz, guartzite and gneiss,
followed by 36 m of alternating beds of grey tt‘ green to purple, fine_ to
coarse sandstones with rare pebble conglomerates (Plate 4, fig. a). The
upper 12 m of the section consists of black, medium-grained, hematitic
sandstones with minor interbedded grey sandstones. Rounded to subangular
hematite grains form up to 25% of the detritus and the gquartz grains
commonly have a black iron coating. An 8 cm thick pebble coﬁg]omerate
with hematite clasts up to 2 cm in diameter occurs at the base of the
iron rich sandstone sequence (Plate 4, fig. b). The claﬁts are weakly
magnetic suggesting t'he presence of some remnant magnetite.

The type section-at Otter Cove consists of about 48 m
of medium-grained purple cross-bedded sandstones overlain by 15 m of
black hematitic sandstones. MWest of Fly Point,near the top of the exposed
Bradore sequence,an 8 cm bed of purple crystalline 1imestone is interbedded
with medium-grained purple to black sandstones. The limestone bed is over-
lain by a thin breccia horizon containing clasts up to 2 ¢cm in diameter of
limestone, sandstone, hem;titic sandstone and granite gneiss set in a matrix
of medium-grained sandstone. !

The black hematitic sandstones are distinctive and are

useful marker horizons. West of Burnt Point, volcanic rocks of the Lighthouse




Cove oformation are structurally overlain by 8 m of sandstones and arkoses
and are foi]owed in turn by a 1 m thick bed of hematitic sandstone and a
2.5 m thick bed of white crystalline limestone. The limestone is highly
sheared and is the site of a major thrust fault. The stratigraphy within
the fault block conforms to that of the Lighthouse Cove-Bradore Formation
succession and the hematitic sandstone beds .allow precise correlation.

Mega ripples with crests striking about 65° occur near
the base of the sequence and large scale tabular and trough cross-bedding
and graded bedding is common throughout the formation (Plate 5, fig. a).
South of Fly Point, the orientation of the cross-bedding indicates a
paleocurrent flow from the southwest.

Petrdgraphica]]y fhe sandstones plot in the.arkose, sub-
arkose and orthoquartzite field as defined by Pettijohn (1957) (See Fig. 8).
The individual grains vary in any one section from sub-angular to well- .
 rounded with a moderate to high sphericity index. The feldspar consists

_of both potassic and plagioclase varieties and commonly a single section

contains both fresh and highly altered feldspar grains (Plate 5, fig. b).

This is diagnostic of tectonic arkose (Folk, 1968) and indicates a source
of detritus from fresh bedrock anh from older sediments. Detrital
magnetite, now almost completely altered to hematite, is the only abundant
heavy mineral wfth &ccessory amounts of zircon. The hematite grains are
commonly well rounded and nearly spherical (Plate 6, fig. a).

The absence of vo]canié detritus in the Bradore Formation,

and the sharp contact between the sandstones and the lavas of the Lighthouse

Cove Formation on Belle Isle (Williams and Stevens, 1969) suggests a
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conformable relationship between the two formations and hence the lavas
cannot be considered as a source fgr the hematite detritus. Hematite ore
in gneisses west of Cloud Mountains (Howley 1918, p. 513) might constitute

the source of the iron detritus.

MIDDLE CARBONATE UNIT

. The middle carbonate unit is well exposed across Canada
" Bay where it dips steeply eastwards away from the lower clastic-volcanic
unit. The succession is repeated by numerous high-angle thrust faults and

the complete unit is not exposed in the map area. Northwards the dip of

the beds becomes gentle, thrust faults are rare or absent, and only the

upper part of the unit, the Table Head Formation, is exposed in the
western part of the map area. The Table Head Formation is also exposed
in the central part of Whites Arm Window through the allochthon cover.
The complete midd{e carbonate unit consists of six
formations as defined by Betz (]939), and a table 6f the formations

showing Betz's terminology and the present usage is given in Table 2.
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Age : Betz (1939) Present Usage Lithology

Lower Middle Bide Arm Fm. Table Head Fm. Limestone, minor
Ordovician dolomite and shale.
- — e - -~ - - - - -- - « T '_—'T

S S

Middle Cambrian to Chimney Arm Fm. St. George Fm, Pink dolomite and
Early OKdovician . limestone.

i
U
13

b—

Middle Cambrian Treytown Pond - Not present in Grey limestone,
Fm. i map area. black limestone
. ’ with chert. :
e

b . T —

Early Middle Cloud Rapids Not present in | Blue-black limestone, -
Cambrian Fm. map area. shale, minor ortho-
. quartzite.

Lower Cambrian " Forteau Fm. Forteau Fm. . Grey shale, sandy
- limestone.

Lower Cambrian Devils Cove . Devils Cove Fm. Purple and white
Fm. limestone with thin,
} purple shale.,

TABLE 2. Relationship of Present Stratigraphic
Terminology to that of Betz (1939).

DEVILS COVE FORMATION

h
Thin bedded purple and white limestones of the Devils Cove

Formation ($gtz, 1939) overlie the Bradore Formation with sharp contact along
the west shore of Canada Bay. The contact appears to be conformable and

marks a sudden change from sand to carbonate deposition.
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The type section is at the northeast shore of Otter Cove
where approximately 14 m of limestone,with top unexposedsintervenes //:>
between the Bradore Formation and the Forteau Formation. At the west
shore of Wild Cove approximately 8 m of purple limestone and thin minor
shale, with top unexposed, conformably overlies the Bradore Formation

(Plate 6, fig. b). At the southeast side of Wild Cove similar limestone

/
occurs in fault contact with the Goose Tickle Formation. There the 1ime-

stones are sheared and recrystallized and form a mylonite up to 0.6 m from .
the fault (Plate 7, fig. a). A similar relationship is seen west of Burnt
Point where a 2.5 m thick zone of sheared limestone overlies the Bradore
Formation and is in fault contact with the Goose Tickle Formation.
The formation is fossiliferous, and poorly preserved
gastropods were collected from pink limestones west of Dieppe'Point.f At
Wild Cove- the pink.]imestonés contain micro-fragmente of algde filaments
\ and brachipod shei]s (Plate 7, fig. b). Betz co]]ectéd—a variety of
gastropods and trilobites from localities north of the map ﬁrea'that

indicate a lower Cambrian age.

FORTEAU FORMATION

The grey shales and sandy limestones that overlie the
> Devils Cove Formation along the“northwei)fdbore of Cangda Bay are assigned
to the Forteau Formation (Schuchert and Dunbar, 1934; Betz, 1939). In the
map area the Forteau Formation outcrops at Fly Point and along the wést

. shore of Chimney Bay. South of Canada Bay the formation is cut out by

thrust'faults.




The base of the formation was not observed. At Dieppe
Point the lowermost beds follow the Devils Cove Formation across a small
gap in exposure and consist of thin interbeds of grey limestone, mudstone
and shale. These are followed by blue, sandy 1imestone and interbedded
grey mudstone. Approximately 108 m of strata with top unexposed outcrops
east of Dieppe Point and Betz estimated the formation to be 213 m thick
at Caséor Cove north of the map area. V

The formation contains a variety of brachiopods, trilobites,

gas tropods and cephalopods that indisate a lower Cambrian age (Betz 1939).

ST. GEORGE FORMATION
Introduction \.

Limestones and shales tbat disconformably overlie the
Forteau Formation to the northwest of Canada Bay were assigned to the Cloud
Rapids Formation and the Treytown Pond Formation by Betz (1939). These

two formations are absent from the map area due to thrust faulting.

The gtjigeding fonﬁation, the St. George Formation {Kindle

and Whittington, 1965) consists of shallow water doWwstones and minor lime-
gtones and was named the Chimney Arm Formation by Betz (1939). The contact
with the Treytown Pond Formation is not exposed in the Canada Bay area
;(Betz, 1939). The St. George Formation underl}es the western half of the
Bide Arm Peninsula and strikes northwards to Hare Bay where equivalent rocks

were named the Southern Arm Limestone by Cooper (1937).
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Description

In the map area the lowermost beds of the St. George
Formation outcropqg]ong the east shore of Chimney Arm. At the east side
of Wild Cove the f;rmation is thrusted over tHe Goose Tickle Formation.
The St. George Formation is conformably oveflain by limestones of the Table
Head Formation and the contact is exposed at Handy Harbour and east of Wild
Cove. The conhtact is defined by the first appearance of limestone above the
last chert horizon in the sequence. 460 m of strata with base unexposed
outcrop across the southern end of Bide Head Peninsula and Betz estimated -
the total thickness of the formation to be 1800 ft. (548 m).

The lowermost beds are exposed along the east shore of
Chimney Bay and consist of 49 m of thin bedded black hackly 1imestones.
These are followed by about 430 m of alternating dolomites and sandy
dolomites in well defined beds 0.5 - 1 m thick. The dotgmites weather to
white, buff or brown but are grey to pink on fresh surfaces. Thin chert
beds and nodules occur towards the top of the sequence near Handy Harbour.
The uppermost chert horizon is overlain by a few metres of dolomite
followed by black and grey limestones with minor interbedded dolomi te.

The limestowe beds mark a distinct change in ]iEho]ogy from the thick
monotonous dolomites and are assigned to the overlying Table Head Formation.
& " Large scale cross bedding is rarely developed in the sandy

dolomites. Mega-ripples, strikiﬁé east-west, and mud cracks occur in the
lower half of the sequence. Algal mounds measuring 4.5 cms long and 18 cms

high occur in grey dolomite beds approximately 60 m,above the black limestone

member.




The formation is only locally fossiliferous. Betz
collected gastropods, brachiopods and trilobites from localities at

Chimney Arm and east of Wild Cove that indicate an early Ordovician Age.

TABLE HEAD FORMATION

The uppermost formation of the middle carbonate unit
consists of rubbly-weathering limestone and shale and records a change in

sedimentation from the underlying dokstones of the St. George Formation.

The l1imestones were ﬁamed the Bide Arm Formation (Betz, 1939) in the

“

Canada Bay area and the Hare Island limestone (Cooper, 1937) in the Hare
Bay area and were correlated by both workers with the Table Head Formation
(Schuchert and Dunbar, 1934; Whittington & Kindle, 1963) which outcrops
ex%ensive]y in western Newfoundland. The name Table Head Formation is used
here on account of its widespread application.

No complete section of the Table Head Formation is exposed
in the Canadq Bay area where the formation is cut by thrust faults. North-
wards towards Big Springs Inlet in Hare Bay the formation is less disturbed
but the base of the formation was not mapped. The upper part of the formation
is also exposed in Whites Arm Window (Fig. 3). The thickness of the formation
is estimated to be about 490 m at Canada Bay but estimation is complicated by
incomplete sections and the development of recumbent folds theré.

The Table Head Formation records a gradual change in lithology
from basa to top and three informal members are recognized. The basal member
is about 30 m thigk and consists of black to blue to white crystalline lime-

stone with interbedded minor dolomite beds and is exposed at Bide Head and




east of Wild Cove. The middle member is approximately 300 m thick and
consists of a well bedded sequemce of black to grey to white 1imeston§ -
and marble 16 beds from 0.5 to 1 m thick. At Canada Bay it includes rare
dolomite beds. The upper member consists of gpproximately 180 m of thin
bedded black héckly lTimestone with minor thin chert beds and black shale
and is best exposed at Bigfgprings Inlet and in Whites Arm River. At
‘Canada Bay the shale is more abundant and is interbedded with tﬁin 1imy

siltstone. Intraformational breccia with clasts from 2 cm to 15 cm across

. ' . Y
occurs in beds from 0.5 to 1 m thick pear the top of the formation at the

north shore of Coles Pond.

The intensity of deformation and of recrystallization of
the Table Head Formation increases from north to south and in the Canada
Bay area most of the middle unit consists of marbles. The upper unit is
N generally cleaved and bedding is unrecognizable except where interbeds of
chert are present (Plate 8, fig. a).

The Table Head Forqftion’is fossiliferous but preservation
of the fossils is poor. Gastropods’were collected ffom the middle unit 1.6
km north of Bide Head on thé west shore of Bide Arm. The upper black
limestone unit is abundantly fossi]ifefous and brachiopods, triloljites,
gastropods, cephalopods and crinoid sfems were collected from 1oéations at
Big and Little Springs Inlet, from the river gorge 0.8 km west of the head
of Whites Arm, and at the southwest side of Coles Pond. %ahraeus (1970)

recovered conodonts from the top of the black limestone member at the west

. side of Little Springs Inlet that indicate an Arenig-Llanvirn age.

¥
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UPPER FLYSCH UNIT

The upper flysch unit consists of northeasterly derived
greywackes and shales. The greywackes record a general decreasé in grain
vsize, sand content and bed thickness from north to south across the area.
The flysch m7?ks the cebsation of carbonate deposition that existed in the
area from lower Cambrian to middle Ordovician times. The flysch was named
the Goose Tickle slate at Hare Bay (Cooper, 1937) and the Englee Formation
at Canada Bay (Betz, 1939). The name Goose Tickle Formation (Tuke, 1968)
is used here for the entire area as the rocks are best exposed and contacts

more easily defined in the Hare Bay area.
GOOSE TICKLE FORMATION

The Goose Tickle Formation forms a continuous narrow belt
that parallels the westesn margin of the allochthon from Big Springs Inlet

to Canada. Bay and is also exposed be]od the allochthon in Whites Arm Window.

L4

South of Canada Bay the formation is repeazii/ﬁ} thrust faults and outcrops

in four north-south trending belts, and théumost easterly one parallels and
dips under the allochthon. South of Canada Harbohr the gfeywackes and slates
appear to grade into semi-pelitic and calc-silicate schists referred to
as'the Sugaf]oaf Schists (new/name),which are well exposed around Sugarloaf
Cove in White Bay. The Sugar]oéf Schists may be a highly deformed and meta-
morphosed equivalent of the Goose Tickle Formation. However, because of their
special structural setting and lithological differences, and as other
correlations are possible, the schists are describéd separately at the end

of this section.




The top of the Goose Tickle Formation is defined by a
tectonic contact with the allochthon. In the north of the area the contact
is marked by a few tens of meters'of black shaley mé]ange but, at Canada
Haréouq mélange is absent and the contact is a sharp thrust. At Big
Sprin;;”Tnlet the upper pamt of the formation is tectonically disrupted
towards the contact with the'hélange and the formation boundary is drawn
- at the first appearaﬁcevof exotic material in the mélange. A complete
section of the Goose Tickle Formation is exposed at Big Springs Inlet where

it is 258 m thick. This compares with approximately 1000 ft. (305 m) at

the type‘section at the head of Hare Bay (Stevens 1970).

Lithology

At Hare Bay, the Goose TiEkle Formation consists of medium -
to fine-grained greywacke beds from 0.3 to 1 m thick with interbedded black
shales up to 0.3 m thick. The sand content, grain size and bed thickness
decrease southwards and in the Canada Bay area the formation consists
dominantly of dark grey slates to brown,siltstones with minor fine-grained
greywacke beds towards the top of fhe section. . |

A conglomerate lens, 2 m 1ong~and 0.5m thick, is inter-
bedded with greywackes and slates 0.4 km west of the allochthon contact’ on

the south side of Whites Arm. The conglomerate contains small oval shaped

es of sandstone and rare diabase clasts (Plate 8, fig. b). A bed of

e

codrse sandstone oputcrops near.the top of the formation;;L\EQ; western shore
of Whites Arm that contains clasts up to 1 dm across of sandslone, green,

brown, and black,shale,and rare diabase.

-




* The greywackes at Big and Little Springs Inlet exhibit a
variety of sedime%tary structures, namely, graded bedding, cross bedding,
ripp]e-dr;ift lamination, coﬁvo]ute Tamination, load casts and f]u;ce casts
(see Plate 9, figs. a and b). -The Tlatter indicate a northeasterly
transport of sediment (see Fig. 9). Typically the greywackes show a basal

graded interval and an upper cross or parallel laminated division (Plate 10).

In the nortﬁ of the area the formation is openly folded
and is cuté‘by a single penetrative cleavage. Southwards the intensity
and coﬁp]e;(ity of deformation increases and at Canada Bay the formation

consists of slates and phyllites with two c]eavager;

Petrography

The greywackes. in the north of the area have the following

.
modal composition: quartz (40-60y), feldspar (2-6%), 'roc/k fragments'

(6-18%), and matrix (25-30%). At Canada Bay the greywackes consist of . |
quartz (50%), matrix (40-60%), rare feldspar, 'rock fragments', and heavy
minerals (¥%ess thary‘?%). The quartz isi,of vein and plutonic orighh and the
grains vary from subangular to subrounded. However, perfectly rounded and
nearly spherita] grains are sparse. Plagioclase (up to An3o) is the commonest

feldspar atthough a few grains of microcline were identified. 'Rock fragments

include diabase, felsite, myrmekite, granophyre, chert, limestone, ooliths,

sandstone,~sha £ a g{]orite (See Plates 11 and 12). Chlorite grains are
present in most sectiong\and 'IocaHy‘ contain inclusions of hematite and

chromite (Plate 12, fig. k{ The diabase clasts are cryptocrystalline and

—~
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cont;ain twinned and untwinned plagioclase (An30), rare quartz, interstitial
chlorite, and rare leucoxene. The diabase clasts are petrographicaﬁy similar
to the allochthgnous Maiden Point volcanics (see Chapter 3). The fels?te,
myrmekite and granophyre detritus indicates a granite source. The coarse
sandstone at.the head of Whites Arm is petrographically similar to coarse
conglomerate present in the formation north of Hare Bay (Tuke, 1968;
Stevens, 1970), that contain detritus dér;i‘ved main]y‘?rom the allochthonous
Northwest Arm Formation (Williams et al., 1973).

Heavy minerals include chromite, hematite, zircon, énd
rare tourmaline. The chromite is translucent and reddish and is distinctive.
In the greywackes north of Hare Bay chromite occurs within grains of serpentine

(R.K. Stevens, pers. comn.) indicating derivation from an ultramafic source

('Stevens, 1970). No chromite was seen in the greywackes at Canada Bay.

Fossils and Age

’

Poorly preserved brachiopods were found in siltstone bands
within the outlhier that outcrops west of White Hump Pond and rare grahtoh‘te
fragments were recovered from outcrops at the western shore .of Cdles Pond
and at Little Springs Inlet in Hare Bay. However, the best preserved and
most abundant graptolites in the formation occur north of the map area at
Pistolet Bay (Tuke, 1968) and at the western shore of Hare Bay (Erdtmann,

1971). The assemblages collected from these two areas indicate a lower

Middle Ordovician age (Llanvirn) for the formation.




.
SUGARLOAF SCHISTS

3.2 km (2 miles) southwards along strike from Canada Harbour
the easternmost belt of the Goose Tickle Formation apparently grades into
semi-pelitic schists, informally referred to as the Sugarloaf Schists.
Exposure along this belt is poor and the cohtact was nowhere observed. The
Sugarloaf Schists are well exposed on the coast around Sugarloaf Cove phere
* they overlie, across a major tectonic contact, the Acid and Basic Gneisses.
T{his contact is marked by approxiﬁate]y 53 m of mylonitized gneiss, granite
and cover rocks and is referred to as the Sugarloaf Slide Zone. At the north
side of Sugarloaf Cove the schists are overlain by greywackes of the
allochthonous Maiden Point Formation. The contact i's sharp and appears
conformable although the greywackes are less Qeformed' than the schists. To
the west the schists are separated from the Bradore Formation by the Wild
Cove Fault and to the northwest they apparently overlie the Table Head
Formation although the contact is not exposed and may be tectonic.

The Sugarloaf Schists are especially enigmatic as they occur
within an area of major thrusting and it is uncertain whether they are
allochthonous and underlie the Maiden Point Fonnatioﬁ or whether they are
autochthonous and represent a highly deformed part of the upper flysch urn't.

Most lines of reasoning support the autochthonous nature of

the schists, namely:
&,
1. They occupy a similar Stratigraphic and structural

position to the autochthonous Goose Tickle Formation. For

example, (a) they are overlain along their eastern contact

by the allochthonous Maiden Point Formation: and (b) they

overlie the Table Head Formation.




2. Nowhere else in the Hare Bay Allochthon is the Maiden

Point Formation stratigraphically underlain by semi-pelitic

schists.

3. Nowhere does the Maiden Point Formation rest on any

other part of the autochthon other fhan the Goose Tickle

Formation.

However, arguing against these po?n_ts is the lack of
structural features at the Sugarléaf Schist-Maiden Point Formation contact
that would suggest a structurally significant contact, such as the emplac.ement _
thrust of the allochthon. .However, at the east side of Canada Harbour the
basal thrust of the allochthon is also a sharp, apparently insignificant
contact.

In this thesis the Sugarloaf Schists are considered to be
part of the autochthonous sequence and to be deformed and metamorphosed
equivalents of the Goose Tickle Formation. Therefore, the underlying Acid
and Basic Gneisses must also be autochthonoul and the slide contact between
them must represent a major tectonic break, similar to the thrusted contact
between the basal clastic-volcanic unit and the Goose Tickle Formation

exposed west of Burnt Point.

Lithology
The Sugarloaf Schists are typical low grade regionally

metamorphosed schists with two sets of cleavages, but have been affected by
post-tectonic thermal metamorphism producing extensive hornfels. This late
metamorphism forms the southern margin of a large area of thermal metamorphism

that also affected the structurally overlying Maiden Point Formation as far

north as Canada Head and is described in Chapter VII.

g
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The pelites and semi-pelites are fine grained, thin bedded,
dark purple to dark grey schists. White weathered calc-silicate bands, 2-3
cm thick, are interbanded with the schists in varying amounts throughout the
formation (Plate 13, fig. a). The calc-silicate bands are conspicuous, and
diagnostic of t%e schists in inland exposures. Marble beds up to 0.3 m
thick (Plate 13, fig. b) are interbedded with semi-pelites near the contact
with the Maiden Point Formation. The marble beds are severely deformed and
are commonly broken up into boudins on the fold limbs. Graded, gritty,
psammites with interbanded basic schists, occur below banded semi-pelitic
and calc-silicate schists in-a cliff face near the northwest corner of Sugar-
Joaf Cove. The psammite-basic schist horizon is about 5 m thick and appears
to occupy the nose of a southwest facing recumbent fold. The psammites occur

in graded beds up to 0.3 m thick and contain pebbles of blue quartz.

Fabric

}he dominant fabric element of the Sugarloaf Schists is a
penetrative S] schistosity that is refolded by tight,inclined F2 folds with
an associated 52 crenulation cleavage. Minor F3 fo]ds’1ocal1y refold the

4

early structures and appear to be of purely local significance.

Petrograghz

The semi-pelites and pelites are fine grained biotite-
muscovite-quartz-oligoclase schists Qith minor amounts of epidote; zoisite,
and accessory apatite, zircon, tourmaline and ore.

Oriented flakes of light brown, biotite and muscovite define

the S] fabric. O0ligoclase occurs as untwigned cloudy, xenomorphic crystals




up to 0.8 mm across. Quartz occurs in single grains and in quartzite bands

up to 3 mm thick., Chlorite after biotite, and muscovite laths are interleaved
with quartz at the margins of the duartzite bands and here the quartz has a
strong preferred shape orientation parallel to S]. The interior of the bands
is free of inclusions and here the guartz has recrystallized to a granoblastic
polygonal network wifh grains from 0;5 - 0.8 mm across (see Plate 14, fig. a).

Post-tectonic porphyroblasts include biotite, epidote and
cordierite and these overgrow and include the regional fabrics.

The calc-silicate bands are composed of quartz and carbonate
with subsidiary oligoclase and epidote. ‘Post—tectonic porphyroblastic growth
of diopside and tremolite-actinolite is extensive. Carbonafe forms.from 0-30%
of the calc-silicates and occurs as granular crystals 0.2-0.5 m across

associated with bands of quartz. Diopside occurs as large xenomorphic to

S
subidiomqrbhic crystals up to 8 mm across, but more commonly as crystals

2-3 mm ac&oss. Almost colourless tremolite-actinolite occurs at the margins
of the diopside-rich bands as small laths up to 0.8 mm long.

The marble beds are coarse grained, granoblastic and weakly
foliated. They are composed almost entirely of calcite with a few grains of
quartz and apatite. The calcite crystals are from 0.5-6 mi across and exhibit

a polygonal texture. Post-tectonic diopside is rare and occur§ as subidiomorphic
té xenomorphic crystais, up to 3 mm long scattered throughout the rock.

The basic schists are composed dominantly of biotite (30-50%)
and actinolite {30%) with subsidiary oligoclase (10-15%), quartz (10-15%),
epidote (3%) and accessory magnetite octahedra. Small brown biotite laths

up to 0.5 mm long define the S] schistosity that is overgrown by large
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unoriented biotite and tremolite-actinolite crystals up to 1.5 mm long.

The biotite is partially chloritized. 0Oligoclase occurs as untwinned, cloudy /;)
xenomorphic crystals up to 0.8 mm long. In some sections the feldspar is .
completely sericitized. Quartz forms up to 2% of the rocks and occurs as <,/

stringers of recrystallized quartz up to 0.5 mm long. Dark brown epidote

occurs as small xenomorphic crystals in the groundmass and accessory minerais

include magnetite, octahedra and disseminatedchalcopyrite. The basic schists

are interbedded with gritty psammite and appear to be of sedimentary origin.

Discussion

Although at first glance the Goose Tickle Formation appears

lithologically distinct from the Sugarloaf Schists the differences can be

largely attributed to{ﬁeformation and to the hornfelsing of the schists.

The lithologies of two rock units are compared below in Table 3.

f

GOOSE TICKLE FORMATION

SUGARLOAF SCHISTS

Greywackes
Slates
Limy Siltstones

Limestone

Psammite and semi-pelitic schists
Pelitic Schists
Calc-silicate Schist

Marbie

TABLE 3: A Comparison of the Goose Ticklé formation

and the Sugarloaf Schists.

This Tithological and stratigraphical correlation of the

two units appears to be well-founded and it is concluded that the Sugarloaf

Schists are part of the Goose Tickle Formation.
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- SUGARLOAF SLIDE

A zone of intensely deformed granite and metasediment Sé m
thick, named the Sugarloaf Slide, intervenes between the Acid and Basic

Gneisses and the Sugarloaf Schists. Although it has not been possible td

demonstrate that the s11de was formed in close connect1on with folding, and

hence does not fa]l w1th1n Fleuty's (1964b) def1n1t1on of a slide, the term

is used as the rock exh1b1t typical textures and fabric of a slide.

The slide outcrops in the cliffs 300 m southwest of Sugar-
Toaf Cove and cons1sts of phyllonitized granite (30 m) overlain by tectonic
schists (23 m). The phyllonitized gran1te is separated from the underlying .
Acid and Basic Gnéisses by a Tate minor fault in which a 4 m thick wedge of -
gritty psaﬁmite and interbedded dark éreen quartz-biotite schist intervenes.
The psammite contains pebbles of blue quartz (90%) in a sericite matrix. The

/
quartz-biotite schist contains in addition,.m%ﬂS\ albite and microcline and

L]
accessory zirgon. L__,,,

Phyllonitized Granite . . ‘ P

The ph&]]onitiéed granite (Knopf, 1931) is an intensely
foliated coarse grained rock that consists of augen and lenticles of quartz
and K-feldspaf, up{to 1 cm across with intervening layers up to 2 mm thick
of fine-grained ﬁﬁyITdndfe (Plate 14, fig. b). The intensity of cataclasis
varies From place.to:place within'fhe slide so that lenses of schistose '
granite can be traced over a few feet into a phyllonite. THe phyllonite .

fabric is locally folded about minor F2 folds (Plate 15, fig. a) indicating

that the s1iding was a pre—D2 event. The contact with the overlying tectonic
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schists is sharp and is exposed in a small stream gulley in the cliffs. The
contact is parallel to the tectonic fabric in both units and is considered

to be a slide of the same age as the major slide.

Tectonic Schists

‘ - ) The tectonic schists consist of an intensely foliated,

light green to white, rusty weathered, fine grained calc-silicate rock with
minor interbanded purple semi-pelitic schists (Plate 15, fig. b). The calc-
si]iéate is non-schistose and consists o% alternating discontinuous foliae,
2-5 mm thick of.whité, epidotic-carbonate foliae énd light green, quartzo-
feldspathic foliae. The semi-pelites are fine-grained, purple schists with
thin, 1-2 mm, gquartzo-feldspathic bands, and occur as discontinuous lenticles
from 2 mm to 0.6 m thick in the calc-silicates.

The tectonic schist§ have been affected by post—tectdnic
thermal metamorphism with extepsive porphyroblastic growth of diopside and
tremo]ite-actino]itevand minor sphene and idocrase in the calc-silicates
foliae and of biotite and ;remo]ite—actino]ite in the semi-pelitic foliae.

The petrograpﬁy of the tectonic schists is similar to the
calc-silicates and semi-pelites included in the overlying Sugarloaf Schists
and a description is not repeated here.

The banding of the tectonic schists is subparhllel to 52

but is folded around minor F2 folds indicating that it is of D] age.

Discussion

-~

The phyllonitized granite is a highly deformed granite and

is probably related to the post-tectonic granites that intrude the underlying
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basement gneisses. The tectonic schists are petrographically simiTar to
parts of the Sugarloaf Schists and 1ikely represent highly deformed parts
of that unit.

The Sugarloaf Slide is interpreted as a zone of intense
shearing associated with the juxtaposition of the Sugarloaf. Schists against
baserlent gneisses.

RECONSTRUCTION OF THE DEPOSITIONAL ENVIRONMENTS OF THE AUTOCHTHON

The depositional envirdnmenis of the autochthonous rocks

are discussed in terms of a plate tectonic model whereby the rocks’ are
considered to have formed a stable shelf area bordering a continental

margin. It has long been known that the carbonate rocks found all along the
western margin of thg Appalachians record a vast carbonate bank (b]oud and .
Barnes,1948; hogers and Neale, 1963; Rodgers,‘1969; Stevens, 1970) and that
the rocks conform to Pettijohn's (1957)‘orthoquértzife-carbonate‘association.
Pettijohn considered this association to have formed in a-tidal environment

bordering a shallow shelf sea and this work essentially confirms these views.

Discussion

The basal-clastic volcanic unit records a westerly transgression
onto the Precambrian Long Range Complex. - The basal plutonic boulder
cohg]omeraté seen only near Burnt Point, contains well rounded clasts that

are grain supported and likely formed in a higﬁ energy, shalTow water environ-

ment. The overlying volcanic rocks are pillowed near Burnt Point indicating




sub@aqueous conditions, but 6.4 km to the north-west at Otter Cove and nearby
Cloud Mountain the volcanics exhibit columnar jointing indicating a sutaeriel

environment.

1

The overlying Bradore sandstones rest on unweathered basement

gneisses. The sandstones are compositionally mature with a low clay content
and well rounded clasts. The unweathered nature of the basement suggests
that the maturity of the sandstones waé produced, not by the long period of
weathering, but by prolonged transport and abrasion. Such an environment
is found in an intertidal area and the sedimentary structudes, the textural
and compositional maturity, and the association with overlying carbonates
conform to this mode].‘ The Bradoré unconformity with fresh basement gneiss
therefore probably represents marine erosion during initial transgression.

Williams and Stevens (19€9) suggested a fluvial environment
for the Bradore sandstones on Belle Isle. However such an environment is
unlikely in the Canada Bay area as the sandstores ao'not show a fining upwards
sequence or the poor sorting in grain size that is typical of a fluvial
environment (Allen, 1965).

The sharp contact between the Bradore sandstones and the
Devils Cove limestones and shales attests to an abrupt cutting off of the
terrigenous supply. The limestone clasts in the brquiflaontained in the upper-
most part of the Bradore Formation west of Fly Point suggest that carbonate
deposition had been established neafby prior to the end of Bradore times.
Gneiss clasts are also contained in the breccia indicating that the basement

was also exposed at that time.




.
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The Devils Cove Formation contains a shelly fauna that
suééests a shallow marine environment. The overlying formations (the Forteau,
Cloud Rapids and Traytown Pond) contain mostly limestones but also shales,
sandy limestones and rare orthoquartzites that iﬁdicate occasional influx of
terrigenous material into a shallow marine basin.

| The Cloud Rabids and Traytown Pond limestones have not been
recognized on the western side of the Great Northern Peninsula. There, a
sequence of quartzites with minor limestone and shale named the Hawke Bay
Formation (Schuchert and Dunbar, 1934) overlies the Forteau Formation. Betz
(1939) a;tribute& the absence of the Hawke Bay orthoquartzites in the Canada
Bay area to erosion or non-deposition, a view later subscribed to by Williams
(1964). However, the absence can also be explained by a lateral facies change
from west to east. The Hawke BayIFonnation, with mudcracks, flat pebble
conglomerates, cross-bedded orthoquartzites and cryptozoan- fossils, is typical
;f a near shore tidal deposit, whilst ihe Timestones to the east are
-representative of a shallow marine environment. This suggests a westerly
transgression df facies. -

There was a témporary deepening of the basin of deposition
at the beginning of St. George Fo;mation times (upper Cambrian) indicated
'by deposition of black rubbly ]imestbnes.\ The succéedﬁng dolomites with
algal mounds, shelly fauna, mudcracks and cross bedding, were probably
débosited in a shallow sea. The absence of terrigenous material indicates

complete isolation from any detrital source. The St. George Forma@jon was

recently interpreted to be a slightly subtidal deposit (Swett and Smit, 1972).




At the end of St. George times (lower Ordovician) sub-
sidence finally outpaced deposition and there was a deepening of the basin
of deposition witne;sed‘by deposition of black hackly limestones and shales
of the Table H;aa Formation. Stevens {1970) interpreted the Table Head

Formatidh to represent a bank edge and basin slope deposit. The intra-

formational conglomerate near the top of the sequence at Coles Pond suggests

instability probably agssﬁiated with subsidence. Further deepening of -

the basin in upper Table Head times resulted in cessation of lime deposition
and formation of black pyritiferous shale.

In Llanvirn times there was a sudden influx of a north-
easterly derived flysch (the Goose Tickle Formation) which heralds the
arrival of the allochthon. The greywackes exhibit sedimentary structures
typical of turbidites and the shales contain graptolites indicating deposition
in deep water. The greywackes in tHe north of the area are medium grained,
graded; show the lower three fntervals of Bouma's (1962) ideal turbidite,
and occur in beds of moderate thickness, indicating deposition from distal
turbidites (Walker, 1967). In the south of the area the beds are thinner
and finer grained indi;ating depositipn'from a more distal current. Thick,
coarse conglomerate beds occur near the top of the formation north of Hare
Bay (Tuke, 1968; Williams et al., 1973) indicating deposition from a proximal

. turbidite (S;evens, 1970),
' As the flysch was derived from the e;st-northeast and
contains detritus from the allochthon which later overran it, it is ob&ious]y
re1gted to the emplacement of the allochthon (Stevens, 1970). Using Readings

(1972) recent classification of flysch the Goose Tickle Formation can be

considered as "Mediterranean Flysch'.~




CHAP*kR ITI

fi THE ALLOCHT}@)J
! The ngcks of the Hare Bay A]]ochthon‘be]ong to a number
of separate thrust slices. Each thrust slice is defined by different
stratigraphy, different structural histories and by distinct upper and
lower contacts that are generally marked by black shaley mélange zones.
South of Hare Bay four distinct and separate thrust slices
comprise ihe allochthon. These are named from structural]& Towest to
higﬁgft, the Maiden Point Slice, the troque Head S]ice;’the St. Julien
151746 Slice and the White Hills Slice._ There is no coptinuous structufa]
succession cont;nning all four slices and relationships Had to be built
up from obsgrvations throughout the area. The St. Julien Island Slice is
1oca11; missing but reversals in the stacking.order are unknown.
The rock units_gf,tachszicevare bounded tectonically
and $eparate formations within a.s1ice generally have tectonic contacts.
The a]]ochthdnous rocks cannot, therefore, represent a continuous sedimentary
sequehcé and hence the stratigraphy of each slice is described sepéf9te1y.
The allochthon tectonically over]fés the autochthonous
sediments of the middle Ordovician Goose Tickle Formation, whicﬁ gfves a
Tower age limit for emplacement. Unfortunately no fpssi]‘ were found in
any of the allochthonous -units 1qbthe map area and their ages are conjectu?a};

> 4
The allochthonous rocks have suffered at least two phases of deformation and

a slaty cleavage is ubiquituous in the Jower slices and a schistosity is

developed in the lower partof the White Hills Slice.




The structural stacking order of the slices and the

stratigraphy of each slice is shown schematically in Fig. 10.

" MAIDEN POINT SLICE

The Maiden Point Slice is areally the most extensive and

structurally the lowest slice of the allochthon south of Hare Bay. It

consists entirely of rocks assigned to the Maiden Point Formation which

is composed mostly of coarse greywackes, slates and mafic volcanic rocks.
The Maiden Point Formation has so far defied all attempts at subdivision
on account of complex internal structure and lack ‘of continuous marker
.horizons.'

The Maiden Point Slice everywhere overlies the autochthonous
Goose Tickle Formation ex.cept south of Caﬁada Harbour where it overlies the
Sugarloaf Schists. In the north of the area the contact is generally marked
by black shaley rrf]ange and contact relations are well expoged along the
south shore of Hare Bay at Big Springs Inlet, Indre Point and Little
Cormorandier Island (Fig, 3).' The base of the slice is exposed again in
Whites Arm win&ow and basal contacts are defined at Whites Arm. At Canada
Bay mélange is absent and the contact is a sharp thrust with the underlying

Goose Tickle Formation. .




MAIDEN POINT FORMATION
Introduction

The Maiden Point Formation (Tuke, 1968; Cooper, 1937) in the
map area consists predominantly of coarse greywackes and slates. Thick
pebble conglomerates are locally interbedded with the greywackes in 'Ehe
north of the area. Mafic volcanic rocks, informally referred to as the
Maiden Point vg]cam‘cs, occur at or near the structural base of the
formation in thé central parts of the area to the east and west of Whites
Arm Window, and at Little Cormorandier Island in Hare Bay. A cong]oﬁerate
unit is associated with the volcanic rocks at Croque Harbour.

Two small areas of ultramafic rocks were found west of
Grandois that appear to be related to the volcanic rocks. Thin marble
wedges outcrop at the-base of the Maiden Point Slice along the eastern
margin of Whites Arm Window and are included as part of the formation.

Cobper (1937) defined the excellently exposed section
along the south shore of Hare Bay as the type section.' However, this
section only includes greywackes and slates, estimated to be in the order
of 1,200 - 1.,800 m (4,000 - 6,000 ft) thick. An acgurate estimatioﬁ of
the thickness cannot be made on account of numerous late fau]trs, complex

structure, and lack of continuous marker horizons. Betz (1939) estimated

a similar order of thickness for identical greywackes and slates exposed

at Canada Bay. Betz named these rocks the Canada Head Fonnation, but as -
they are clearly correlatable with the Maiden Point Formation to the north
and as they occur in the same structural slice, the name Maiden Point

Formation is applied here to all the rocks of this slice.

[N
i
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Small areas of m€1ange locally separate contimGous sections
of the slice at Deep Bay and at Little Canada Harbour. They are not
continuous, do not separate slices, and their possible origins are discussed

in Chapter IV.

Greywackes and Slates

Monotonous greywackes and $lates comprise approximately 90%
of the formation in the map area. The greywacke is typically a dark grey‘,
massive, medium to coarse grained rock that weathers light grey to buff.

The greywackes form graded beds from 0.5 to 3 m thick with 1 m.being the
average thickness (Plate 16, fig. a). Generally two intervals can be
recognized in a sandstone bed. A lower well-graded interval 8-20 cms thick,
containing small pebbles to coarse sand and a thick upper interval of cearse
to medium grade sands with poér to absent grading (Plate 16, fig. b). Black

to grey but occasionally red, green and turquoise blue slates are interbedded

with the greywackes. The slates vary in thickness from a few centimeters to

9 metres, but are generally 0.3 to 0.6 meters thick. The slates are not
everywhere deve]ope;i and they only comprise about 20% of the greyyacke—s]ate
lithology. Internally the slates are thinly-lamipated and rarely they show
small-scale éross bedding. | -

The greywackes are »coarsest grained and thickest bedded in
the northwést at Hare Bay where they are associated with pebble conglomerates.
They are finest 1‘.n .the southeast at Cat Cove where the lTower coarse-graded
intervals are poorly deve]oped‘a’lnd the uppér intervals commonly consist of

fine-grained pelites 0.6 to 1 m thick. Betz (1939) incorrectTy identified

the pelites as volcanic rocks. But, they are obviously sediments as they
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pass downwards into recognizable fine-grained greywa‘ckes, and in thin
section contain sparse grains of clastic zircon.. The fine greywackes
and pelites are generally featureless apart from numerous thin (2-5 m)
quartz veins' that are usually arranged paraﬂe] to bedding. The veins
are folded by inclined F2 folds and are considered to be of D] age.
Late thermal metamorphism (see chapter VII) in the Cat Cove area has
altered the pelites to a purple.hornfels. |

| Graded bedding is nearly always present and is expressed
by a decrease in the number and size of the coarse grains from the base
upwards. The finer grains are present throughout both inter\)als. Cross-
bedding, conspicuous by its rarity, is restrict’eq to the top of beds,
and generally forms in }thoae parts of the sequence where the slates are
absent. It is usually found in thin lenses of buff to brown weathefed
greywackes that have a slightly cafcareous matrix (Plate 17, fig. a).
The lenses are up to 0.6 m thick and 3.6 m long, and generally contain '

only single set cross beds. Similar greywacke with a calcareous rich matrix
P ‘,.......1

forms large spheroids up to 0.3 by.0.6 m at the top of graded beds south

of Cobblers Cove.

Soft sediment deformation structures are extremely scarce
and consist of loadcasts and slumps. Load casts were only seen north of
Conche and are best developed north of Pilier Bay. They form at the base
.of greywacke beds that overlie shales and vary from large bulbous loads up
to 0.6 m.wi.de to Tobate casts up to 30 cms long and 15 cms wide.' (Plate 17,
fig. b). The lobate casts overlap reqularly towards the southeast,

suggesting that their formation was current controlled.
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§;ymp structures were only seen in two exposures:v on
Spring Island hook and roll up (Ksiaziewicz, 1958) structures (Plate 18,
fig. a) occur at the top of a bed in a lens of cross-bedded greywacke.
South of Mare Cove thin laminae of alternating medium and very fine
sandstones are disturbed producing tabular and rolled up discontinuous
lenticles of medium grained greywacke (Plate 18, fig. b). The lenticles
are commonly 7-10 cm§ long and are confined by the primary bedding planes
which are not affected. THeir formation appears to have. been by slumping
or sliding within beds. |

Petrography:

~ The greywackes are composed dominantly of quartz (up to 60%),
matrix (up to 74%), and plagioctase (up to 24%), with minor amounts of
metaquartzite, shale flakes, K-feldspar, chloritized biotite, muscovite,
;ircon, apatite, tourmaline, and iron ore. When grouped into the three
fundamental epd members (Fig. I]) they plot.in the greywacke to sub-
greywacke field.

The quartz is of plutonic(85%5)vein(10%) and metamorphic
(5%)origin. Zircon inclusions were seen in four grains of plutonic quartz,
"t:Zhd ch]ofite is a common inclusion in the vein quartz. The feldspar
consists almost entirely of twinned and untwinned plagioclase (An 0-15),
and oniyla few grains of microcline and orthoclase were positively
identified. The feldspar, in particular the untwinned variety, is
partially altered to sericite and chlorite. Detrital biotite, now almost
completely chloritized is sparse, but muscovite flakes are present in most

sections. The accessory minerals are small (0.5 mm) and sparse and pyrite

is the only accessory to form over 1% of the total rock in one section.
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Extreme variations in the grain size of the quartz and

feldspar grains are common and most sections contain grains from granule
to medium sand size. The quartz grains are generally larger thaﬁ the
feldspérs in any one section. The matrix consists of a fine-grained (less .
than 0.05 mm) aggregate of serigite, chlorite, guartz and feldspar and
is partially replaced by carbonate. |

Most grains are subrounded to angular (0.3 - 0.5 mm), however
some sections contain a small numbeF of highly rounded and near spherical
quartz grains (Plate 19, fig. a). The greywackes are classed as poorly
sorted and texturally immature on account of their wide variations in

grain size and their high matrix content.

Quartz Pebble Conglomerate

Quartz pebble conglomerates, (marked by(:)in Fig. 3) occur

throughout the Maiden Point Formation but are most common in the north of .
the area, especially along the south shore of Hare Bay where 13 ‘occurrences
from 1 to 6 m thick’are exposed.

They consist‘of subrounded pebbles up to 2.5 cm in diameter
of blue; milky,énd_black,quartz; Metaquartzite, chert, plagioclase feldspar,
microcline and sandstone. Black mudstone flakes are frequently associated
with the conglomerates and form from 0-50% of the rock (Plate 19, fig. b).-
The flakes generally show a rough alignment of their long axis parallei to
bedding. =Rarely the mudstones form angular slabs up to 0.6 m long (Plate 20,
fig. a and b). The mudstone clasts are interpreted to represent contempo-

'

raneous channelling and erosion of intercalated shales.




Generally no internal grading exists within the conglomerates
which have sharp tops and bottoms. The cong]omerates could not be traced
along str?ke for more than 30 m and are thought to represent coarse channel
infilswithin the greywackes. Not surprisingly they have a similar petrology

tosthe greywackes. ,0One section examined contains a clast of medium-grained

hematitic sandstore (Plate 21, fig. a) identical to the san?stones at the
. ] ]

top of the Bradore Formation,

b

Maiden Point Volcanics

Altered agglomerates, tuffs, and basaltic pillow lavas

are interbedded with the greywackes pf the Maiden Point Formation in the
north of the area. They form a number of discontinuous horizons up to
150 m thick ahd 8 km (5 miles) long and are located a! or near the structural
base of the Maiden Poi-nt Slice. They are ei(posed north of Coles Pond, west
of Whites Arm Pohd, from Croque Harbour to Whites Arm ard on Little '
Cormorandier Island (See Figs. 3 and 4). " Each horizon consists of a- number
of'f:]ows separated by flow brecciated lava or agglomerate, or more rarely,
by tuff, and in one locality north of Croque by a 0.6 m thick ﬁmestone bed.‘

) The lavas are green to grey to purple, amygdaloidal and
generally well-cleaved. They vary from fine-grained, altered, greenstones
at the margins of flows, to medium grained less altered rock in the interior.
On Little Cormorandier Island the volcanic rocks rest directly on a.me’lange
zone, and are conformably overlain by greywackes and slates. There the
volcanic rocks consist o% a mass‘K/e flow followed by tuff and pillow lava.

The pillows vary from 8 to 45 cms in diameter with limestone filled
A




interstices (Plate 21, fig. b). At northeast Croque subrounded
inclusions of dark grey, medium-grained basalt up to 8 cm écross re
¢ .
/included in typical green fine-grained basalt (Plate 22, fig. a).

-~

Petrography:

The medium-grained basa]t has a subophitic texture
consisting of cloudy albite phenocrysts up to 1.5 mm Tong, subidiomorphic
clinopyroxene grains up to 1 mm long and interstitial pools of chlorite.
'Generally, however, the rock is heavily altered with complete sericitization
of the fe]dspaf,and growth of fibrous amphibole, chlorite and epidote.
Typically the f{ne-grained basalts show intersertal texture with the
irregular spaces between small (0.8 m) albite laths occupied by chlorite
epidote, calcite and leucoxene. In some cases the albite laths are
completely. sericitized or replaced by calcite. Rare stilpnomelane laths

statically overgrow and post-date the main alteration minerals (Plate 22,

fig. b). The basalts at the outer margins of the horizons are fine grained,

aphanitic, extremely a]teréd and well cleaved. The cleavage, defined by
‘aligned chlorite and fibrous amphibole tends to form ‘augen around large
grains of epidote and cuts across locally deve]oped calcite veinlets. At
least some of the a]teration,‘the}efbre, pre-dates the regional defonnation.
Amygdules, up to 3 mm across are infilled with clear twinned albite, chlorite

and epidote.
4

Geochemistry:

Major element analyses were carried out on 16 specimens of

the Maiden Point volcanics by atomic absorption spectrometry. The results




. are summarized in Fig. 12 and 13 whepre they are compared with data from
two different groups of basalts,the Lighthouse Cove Formation and the
Lushs Bight Group. The Lighthouse Cove basalts are Eocambr§1n
continental tholeiites (Strong and Williams, 1972) from the mio-
- geosynclinal NesterT Platform, and the Lushs Bight basalts on the other
hand are Cambrian (?) oceanic tho]eiitesw£§mitheringa]e, 1972) from the
Central Mobile Belt.

The alkaliessilica diagram (Fig. 12) shé@s both the Maiden
Point Vo]c;gics and the Lighthouse Cove Formation to be transitional
between tholeiitic and alkali basalts, whilst the Lushs Bighf basalts
are clearly tholeiitic. However, calculation of the CIPW norms for the
Lighthouse Cove Formation showed in fact these basalts to be tholeiitic
(Strong & Williams, 1972).

Variations of $i0,, Mg0 and CSO with Na,0 (Fig. 13) show
no detectable differences between the three groups. However, the T1'02
variation diagram revealed a significant difference. Both the Maiden
Point volcanics and the Lighthouse Cove Formation contain sjmi]ar
proportions of TiO2 that are significantly greater than that of the Lushs
Bight Group. Ti, according to Cann (1970),15 one of the few elements
whose abundance is not affected by secondary alteration, and it must be
rememberéd that the Maiden Point volcanics show petrographic indications

of extensive alteration.

The Maiden Point volcanics thus show definite chemical

similarities to the Lighthouse Cove Formation and none to the Lushs Bight

efore considered to be tholeiites that formed in a
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similar environment of continental rifting, distensiontand separation,
The field associations of Both the Lighthouse Cove Formation and the
Maiden Point volcanics with coarse clastics further emphasizes .their

-

similarities.

Ultramafic Rocks

Two small areas of serpentinized ultramafic rocks occur
within the Maiden Point Slice near Grandois. One occurrence is 0.8 km
west of Grandois, at‘the foot of a prominent fidge that marks the contact
between volcanics on the ridge and greywackes on Fhe lower ground. Contact
relations are not'exposed. The'Sécond occurrence is wifhin Whites Arm
Window, 2.4 km west o; Gran?ois. There a 60 m 1ong hummock of brown
weathered ultramafic rock appgars to overlie and be surrounded by slates
and gréywackes of the Goosé Tickle formation. The ultramafic rock is
cleaved and foldeéd by regional deformations and is,comp1eté1y serpentinized.
The ultramafic rock may represent an erosiona] remnant of the once
continuous ﬁaiden Point Slice (See Fig. 3, section C-D). Nearby other
remnants of volcanics and greywackes of the Maiden Point Slice occur on
topographically higher ground.

The ultramafic rocks show a spatial relationship with the
Maiden Point volcanics and are considered to be related. Alternatively,
the ultramafic block exposed in Whites Arm Window might represent a knocker
that was derived from the White Hills Peridotite Sheet during emplacement
and was later overridden by the Maidé; Point Slice. Occurrences of large

ultramafic blocks below the lower sedimentary slices have recently been

reperted from the Humber Am Allochthon (Stevens and Williams, 1973).
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The possibility of intrusions being associated with the

volcanic rocks raises the question that some of the coarsest parts of

the Maiden Point volcanics may also be intrusive, for example, the mafic
rocks at northeast Croque and north of Coles Pond. However, the field

- evidence necessary to prove this was not found.

Conglomerate

A 7 m thick conglomerate unit occurs neér the base of the
Maiden Point volcanics at the north west arm of Croque Harbour. The unit
outcrops on both sides of the arm but could not be traced inland. The
stratigraphy, constructed from both exposures is shown diagrammatically in
Fig. 14.
The Tower contact of the conglomerate unit is not exposed
on the soutﬁ side of the arm, where it is underlain écross a small gap
in exposure by thé autochthonous Goose Tickle Formation. On the north
side a basalt flow underlies the conglomerate. The upper contact of the
conglomerate uhit is exposed on the south side of the arm where cross-
bedded sandstones are overlain by another basalt fiow (Plate 23, fig. a).
The conglomerate unit'appéars to be contained within the Maiden Point
volcanics and is therefore included as part of the Maiden Point Slice.
The conglomerate consists of boulders and cobbles of
' basalt (80%)mdrAb1e 20%,) and rare sands:tone. The basalt clasts are from .
\\\“N—’B cms to 30 cms in diameters,‘we11 rounded and oval-shaped (Plate 23, fig. b).
" Some show concentric chilled margins and“may have been pillows. In thin
section they are complétely altered and consist of ca]cite; chlorite, and

" relict plagioclase laths. -The marble clasts are up to 0.6 m Tong and
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10 cmslthick and are stretched and flattened in the plane of the cleavage

which is subparallel to the bedding. The marbles are pure carbonates with
only a few sparse quartz grains. The conglomerate matrix and the overlying

cross-bedded sandstones are petrographically similar and consist of medium:'

grained sand with a calcareous rich cement.

-

Marble Wedges

Thin marble wedge; up to 10 m thick intervene between the

é
volcanics at the base of the Maiden Point Slice and the autochthonous

Goose Tickle Formation at 1.6 km south of Grandois Pond and south of

Croque. A similar marble bed 0.6 m thick occurs between two lava flows

north of Crogue at Forest Hill. Contact relations of the pasal wedges

were not seen, but they are considered to be part of the Maiden-Point
Formation as there aré no known 1imestones at the top of the Goose Tickle '
'Formation, and as they are similar to the obviously allochthonous bed at
Forest Hill.

The marbles are fine-grainedyblite to buff, but at Crogue
are purple whéré.they are interbedded with greywacke beds. Thin laminae,
less tﬁan 3 mm thick, of green chloritic slate characterize the marbles
and exhibit the bedding and the tectonic fabric. The slates consist of
chlorite, sericite, and stilbnomelane,with a few grains of quartz and

p]agiocjase; Late, static tourmaline up to 0.55 mm long is sparsely

developed in the shales.

Age and Provenance -

The age of the Maiden Point Formation is uncertain but

several lines of evidence suggest a lower Cambrian-Eo-Cambrian age. The




presence of blue quartz and metaquartzite detritus 1nd1cates a source from
a metamorphic crysta111ne terrane and a westerly der1vat1on from the
Grenville Province has previously been suggested (Stevens, 1970). If

the Grenville was the source, then the sedimentimust have been eroded

prior to deposition of the agtochthonous carbdnate cover rocks in lower
Cambrian t1mes This suggests that the formatiom is coeval wiﬁh the

lower Cambr1an Lighthouse Cove-Bradore Formations and the presence of

a hematiti¢ sandstone clast and the close chemical similarity between the
basalts of the Lighthouse Cove and Maiden Point Formations tend to confirm

this view.

The Maiden Point Formation suffered two deformational
episodes that varied-in intensity from place to place so that the rocks
exh1b1t marked variations in fabric. Genera]]y, the rocks in the north-
west of the area are less deformed and here the greywackes retain their
origiﬂg] clastic structure, the volcanic rocks are freshest, and a single
weak cleavage is developed. Southeastwards the volcanic rocks are
extensively altered and well cleaved, and locally the greywackes give
place to semi—schistg (Turner, 1938; Spry, 1969) in which the clastic
structure has been partially obliterated, the grain size is reduced, and'
a composite tectonic ffabric 55 developed. Semifschists'occur in

resfricted areas within the Maiden Point Slice at Cow Bay in Hare Bay,

‘f ) . .
y -5 and in the Canada Bay-Cat Cove area.




Discussion

- The greywackes of the Maiden Point Eormation ar¥
compositionally mature but texturally immature. The sedimentary features
are typical of proximal turbidites (Walker, 1967) and the general
southeastwards=fining and decrease in bed thickness suggest sediment
transport from the northwest. The associated voicanié rocks ére
tholeiitic in composition which suggests forﬁation in an environment

of distension.

CROQUE HEAD SLICE

The Croqug Head Slice overties the Maiden Point Slice

and outcréps in a narrow strip up te 0.8 km wide along the éoast from
St. Juliens to the Croque Head Peninsula. The basal coptact is sharp
and is defined by a well éxpoged mélange zone at St. Juliens, Irish
Bay and Rets Point (séé Figs. 3 and 5).

The Croque Head Slice consists almost entirely of greywackes
and slates of the Maiden Point Formation with one thin flow or sill of
mafic volcanic rock exposed'south of Wild Cove. However, the greywackes
are finer grained, genera1ly thinner bedded, and exhibit a more complex

' internal structure than those in the Maiden Point Slice. In most places”
.the greywackes have been convefted to semi-schists.
' | The petrography of thé greywackes and volcanic rock is

’

similar to those in the Maiden.Point Slice and a description'is not
v * .

repeated here.
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ST. JULIEN ISLAND SLICE

v

}

N The St. Julien Slice overlies the Croque Head Slice and
is areally the least extensive sh'ce"'of the allochthon. It outcrops
only on St. Julien Island and on nearby Black Island (Fig. 3 and 5).
The basal contact with the Croque Head Slice is marked by a mé]ange zone
that is best exposed af the south end of St, Julien Island. The top of
the slice js not exposed. ,‘ R

The St. Julien’ Island Slice contains two formations,
Juxtaposed by an early high angle fault, the Irish limestone to the west,
and the St. Julien Island Formation to the east. These rock units were
previously assigned to the basal part of the uppermost Whjte Hills Slice
(Williams et al., 1973). However, they do not outcrop elsewhere in the
Hare Bay AHochthpn ahm::i are atypical of the 11"thologies of the White Hills
Slice. Convsequen‘t]y .“c;ey dre considered to comprise a distinct and
separage 51 ice that intervenes between the Croque- Head S1 ice and the
overlying White Hills Slice. | _ .

'

IRISH LIMESTONE " ' ’

sandy limestone that outcrops along the western side of
St.‘ dulien Island was named the Ir"ish.Lin.]estone (Smyth, ]9_71). The
formation overlies a mélange zone?wﬁich separates it from the underlying
Crogue Head Slice (Fi%, 5). Thvevformati.on occupies the western 1imb of

a faulted northeast plunging syncline so that the. base of the slice is

exposed along the west and south sides of the island. The formation
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con!ists of three units and each tectonig¢ally overlaps onto the m€‘la_nge.
The stratigraphy and thickness of each u i‘t is 'summarized in Fig. 15.
'L‘ithologx

The basa]l\unit cons‘isés .[)f quartiites with minor interbedded
greenschixt.. The quartzites\ are shear?;d and brecciated, cut by numerous
thin quartz and /c«nbonate veins and ¢ aracteriéfi_ca]]‘y have brown, .
carbonate stair:ed, weathered surfaces/.. The gréeﬁschists are up to1m
thick and are best exposed at the southern ti‘p of the island where they
overlie the mélange. They possess é fine schistose lamination of alternating
dark and light green bands~composed of varyi'ng amounts of ch1or1'.te‘a-nd"
sericite. This schistosity is folded by late upright., post-emplacement
folds that form the synclinal structure of the formation.

The contact-befween the quartzite unit and the overlying

siliceous limestones and slates is gradational. The basal limestones are

thinly bedded (5-8 cm) and weather brown . They are interbed'ded/vgjth minor

thin green slates and fine-grained green sandstones. Higher up the
succession, these limestones gradually lose their brown colour and weather
grey, they become thicker bedded,and the green slates and sandstones are
absent. I.ndividua] beds are from 15 cms to 30 cms thick and have sharply
defined bottoms and indistinct top surfaces with transit*ibn to black, thin
laminated,shales (Plate 24, fig. a). Graded bedding-is developed but is
difficult to recognize on account of the small grain size (0.2 - 0:5mm).

The limestone is locally extensivelly brecciated within a few

meters of the contact with the me/]ange zone and in two localities the

.




- 62 - /

breccia passes into the mé]ange. "Both the mél ange and the breccia are
-

folded by the upright’F2 folds indicating that their formation was a

pre-02 event. (See Chapter IV).

-Petrograghx

The limestones are impuré and’contain up to 30% terri-
genous material that consists of duart’z (70§;x, feldspar 80%), and rare
. grains of muscovite, tourmaline, zircon, and pyrite. Thé guartz grains
are of the plutonic type witﬁ predominantly st.raight ‘to sl‘ig~ht1y .
undulose extinction. Feldspar consists of fresh,and strongly altered,
albite grains in approximately equal proportions. The plagioclase
alteration occurred after deposit'ion and generally includes sericitization
and calcitization. The terrigenous material floats in a matrix of fine
grained recrystallized calcite with some auth1gen1c pyrite.

The clast1c grains are of med1um sand size at the base of
beds and grade into fine sands. Texturally the limestone is immature and
moderately sorted. Quartz and feldspar grains sho\w a variety of rounding
stages but are mainly subanguTar. | '

3 E The sand_y limestones show clastic textures and are
considered to have forrrnL.d from carbonate r1ch turbidity currents. The

7z
thin beds and the fine grain size suggest deposition from distal turbidites.

Age and Provenance

A search for conodonts was unsuccessful and the age'of
the formation can only be inferred. The on’ly known source of carbonate

detritus is from the'autochthonous platform to the west, and the admixture

v
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of carbonate and sand detritus suggests that the formation may be
equivalent to the middle Cambrian impure limestones and shales of the

Forteau, Cloud Rapids and Treytown Pond Formations of the autochthon.

Y

oy .
ST. JU€§5’N ISLAND FORMATION
Introduction

" 4uviea.The polymictic cobble corig'fomerate that outcrops Von th_é
western half of St.. Julien Island and on Black Island (Fig. 5) was named
the St. Julien Island Formation (Smyth, 1971). The formation is in high
angle fault contact with the Irish Limestone to the west. Neither top
nor bottom of the formation is exposed, and a minimum thickness of 60 m
is estimatgd from exposures on St. Julien Island. The conglomerate is .
lTocally cut by smai] pre-tectonic gabbro intrusions at Bl agk Is1an;j aﬁd
at the east and north sides of St. Julien Island. The petrology of t?\e

gabbro is described in Chapter v.

- Lithology

Cobble conglomerate with less common boulder and pebble
clasts, is the dominant 1ithology. It is interbedded with mic)'pr_-‘amount_s,
of red to green to purple coarse greywackes (Plate 24, fig. b). -~ Massive
-bedding is typical, grading is poorly developed except where interbeds 6f

greywackes occur. Trough crossbedding (Plate 25, fig. a and bv) with the

- lower bounding surface downcutting 1.8 m is excellently exbosqd in

interbedded cz:rse greywackes and cobble conglomerates at one locality on

the east side®f the island. The trough axis runs NNE-SSW but a current

.

direction was not evident.




."ﬁ,jk Clasts constitute approximately 60% of the rock and they
- ére isolated and scattered throughout the matrix (Plate 26, fig. a). The
matrix varies from red to purple to green and consists‘of the same
components as the clasts dispersed in a fine-graiﬁed sericite—ch]orité
groundmass . The m;trix fragments vary from grqnu]e to coarse sand size
and are subrounded to angular. The interbedded greywacke beds are
similar in composition and texture to the matrix.
The cong]émerate is very poorly sorted with clasts ranging
from pebble to boulder size. Generally the 1argér c¢lasts are moderately
~.to well rounded whilst the finer particles are more angular. Clast
>sphericity is moderate but is difficult to estimate on account of later
tectonic f]atteninil Some of-the red greywacke cfésts are recognizable
as portions of broken up beds and form intraformaticnal mgnomictic
conglomerate. |
. The St. Julien Island conglomerate is texturally and
compositionally immature as it contains a variety of unstable (for example,

granite and shale) -and stable (for example, quartz, jasper) materials,

as well as containing a high matrix content. The dispersed texture, high

matrix content and graded bedding, indicate deposition from a highly

turbulent flow such as a turbidity current.




Petrography of the Clasts

The petrography and approximate abundance of the clasts

is as follows:

Quartz 30% Dark grey, red and
green-shale.

Red Sandstone 40% Mafic Volcanic Rock.

Acid Volcanic Rock 15% Sericitic Phyllite
Granite 52 ©  Mafic Tuff ‘

Jasper 2% Gneiss
: Epidozite .
Quartz-chlorite schyst

Quartz: All clasts sectioned are of vein gdartz variety.

Red Sandstone: . Orthoguartzite with rare cladts of plagio-
¢lase, microcline and orthoclase. CTasts are
sub-spherical and of medium sand grain\si

carbonate-hematite matrix forms less than
of the rock.

Acid Volcanic Rock: The acid volcanic clasts contain
embayed and rounded phenocrysts, up to 4 mm
across, of quartz and andesine set in a.fine-
grained felsitic matrix. Relict garmet now .
altered to epidote was seen in one section. The

“‘matrix includes interstitial pools of chlorite.
The rock is probably a dacite.

Granite: Two varieties of microgranite clasts are present, -
-a leucogranite and a red hematite stained granite. -
The leucogranite consists of quartz (40%), albite
(40%), orthoclase (10%), minor chlorite and epidote
and accessory iron ore. Myrmekitic fexture is :
characteristically developed (Plate 26, fig. b).
This rock can be classed as a microgranodiorite.

The red stained granite contains approximately 40%
alkali feldspar and hematite forms from 1-3% .of
the rock. The rock is an-a}ka1i—microgranite.ﬂ
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Mafic Volcanic«Rock: The mafic volcanic clasts contain
phenocrysts (up to 3 mm long) of cloudy plagioclase
(now An40) in a highly altered groundmass composed
mainly of epidote with minor chlorite and calcite.
The rock is probably an altered basalt.

Gneiss: One clast of a thinly banded quartzitic gneiss was
found. The foliation is defined by alternating
quartz rich and mafic rich bands 1-3 mm thick.

(Plate 27, fig. a). The mafic bands contain relict
euhedral garnet (Plate 27, fig. b), now altered to
.sericite and chlorite, hematite, epidote and apatite.
The garnet crystals statically overgrow and postdate
the foliation. Unfoliated epidote rich areas up to
- 4 mm across are contained within the gneissose foliae.

Sericitic Phyllite: Clasts composed almost entirely of pale
sericite laths are present in minor amounts. The
clasts show a strong schistosity that is coincident
_ with the fabric in the surrounding matrix. The
. original rock was probably a feldspar pegmatite, ,
and the sericitization appears to be a post-
depositional event.

Quartz-Chlorite-Schist: A single clast of dark green, quartz
€chlorite schist was found. The quartz shows a
strong dimensional, predepositional, preferred
orientation that is partially obliterated by
recrystallization. Chlorite forms approximately
15% of the rock and occurs as scattered flakes that
show no preferred orientation. The original rock was
© probably a deformed quartz vein.

Epidozite: .Light green, fine grained epidozite clasts are
© rare. They contain an intergranular texture of
epidote and quartz with minor carbonate. Their
origin is problematical but they resemble the
small epidote righ areas in the gneiss clast
described above. - .

Jasper: Jasper clasts are conspicuous and form clasts of
& cobble and boulder size. R.K. Stevens (pers. comm.)

reports radiolaria from the jasper, but none was

Seen in my samples. ' :

Fabric

- . The St. Julien Island Formation is strongly defqrmed. The

matrix and the interbedded greywackes are converted to fbliatedi.quartz— :

]




¢

sericite-chlorite semi-schists (Spry, 1969). This foliation forms augen

around the clasts which are flattened and elongated in the plane of the

»

.f011at1on The amount of flatten1ng depends largely oq\\be compos1t1on

of the c]ast§? and this is discussed further in chapter VI.

' [
..‘ ~

Age and Provenancg

C]qst provenance must have been from a vo]cano p]uton1c
terrane that inc1udég areas of sedimentary rocks. No such terrane existed
in the stable platfogi to the west and hence a source must be sought from
within the eugeosyncline to the east.

The Cape St. John Group (Baird,\195]) which form{ the upper
’ part of the pre-Arenig Fleur de Lys Supergroup (Church, 1969) on Ebe
eastern side of the Burlington Peninsula, consists of rhyolite, trachyfe, e
andesite, tuff, séndstone, quartz bou]der.cbng1omerate and chert and is
the only known likely igbrce. The presencé of pre-tectonic gabbro in both
rock units is a_further/Lorre1ativé. Tbe source of the ;ing1e gneiss and
rare schist clasts are prob]anatica] and suggest derivation either‘from a
gneissic terrane or a reworked conélonerate

| The age of the format1on is uncerta1n but is Tikely to be
of similar or s]1ght]y younger age than the Cape St. John Group, which is

considered to be of late Cambrian age (Dewey and Bird, 1971).

4




WHITE HILLS SLICE

The‘white Hills Slice is the highest slice of the a]]oghthon.

It consists of a Tower unit of schistose metavolcanic and minor sedimentary
rocks referred to as the Goose Cove Formation, (Tuke, 1968; Smyth, 1971)
overlain by ultramafic rocks named the White Hills Peridotite Sheet
(Cooper, 1937). In the map area only rocks of the Goose Cove Formation are
exposed, However north of Hare Bay the complete slice is excellently
exposed in the White Hills, from:whence it takes its name.

' In the map area,the White Hills Slice overlies the Croque
Head Slice south of Croﬁue Head (Fig. 3), and a narrow mélange zone marks

the contact. The base-of the White Hills Slice is also well exposed all P

o

along the western side of Fishot Island where it overlies mélange. Grey- <
wackes of the Maiden Point Formation underlie the(mé]ange.at the southwest
end of the island (Fig. 4) but it is not known if they belong to the Maiden

Point or Croque Head,Slice.

GOOSE COVE FORMATION

Introduction .

The Goose Cove Formation kTuke, 1968; Smyth, 1971) consists
of a polydeformed and metamorphosed sequence of mafic pif]ow lava, tuff,
agglomer®¥te, .and gabbro with thin interbands of gréywacke and:1imestone.
The type section is north of H;re Bay where thg formation undér]igé and

forms a metamorphic aureole to the White Hills Peridotite Sheet. The

metamorphic grade of the formation decreases *with distahce downward from




the base of the peridotite sheet and fﬁé resu]tht_lithologies grade

outwards from foliated pyroxene bearing amphibo]ités directly below the
ultramafics, through schistose amphibolites to schistose'greenschists.

The transition from amphibolite to greenschist occurs over a few tens of met-
ers and is marked by a decrease .n grain-size of macroscopic hornblende

and an accompanying increase in development of chlorite characteristic of
the underlying greenschists. The transition is sufficiently distinct that

it can be mapped and an amphibolite member and a greenschist member
distinguished. In the map area the base of the White Hills Slice occurs

at greenschist level on Fishot is]and but transgresses upwards fo

amphibolite level south of Croque Head. It is clear then that the base

of the slice bears no genetic relationship to the aureole.

’ Cooper (]937) originally restricted the term Goose Cove

Schist to the greenschists. However, it is clear the greenschists and

overlying amphibolites were derived from similar protoliths and that the

distinction between the two is purely a function‘of metamorphic grade:
Consequently, the’term Goose Cove Fonnation.(Tuke, 1968; Smyth, i971) has
been used to include all of thermetamorphosed supracrustal rocks of the
aureole. Map units of the formation defined on grade of metamorphism are

informally referred to as members.

Distribution and Thickness

-

The formation underlies most of the Fishot Islands and a
small area south of Croque Head. A cross section from the structural base

of the greenschist member through to the amphibolite member is excellently
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exposed across the south end of Fishot Island where. it is repeated'twice

by a late fault. At Fishot the formation is approximately 120 m thick

with top unexposed. The lower 80 m is assigned to the greenschist member, t
‘but any estimate of the thickness is complicated by the internal poly-

phase folding that is characteristic of the formation.

Greenschist Member

Lithology:

Medium-grained, 1ight grey to red,greywackes up to 10 m

thick form fhe base of the greenschist member oﬁ Fishot'{s]and. It

outcrops in a narrow strip along the western edge of the island and
structurally overlies -the basal mé]ange of the slice. At thé base, the
" beds are'about 1 m thick, poorly graded and are intefbedded with redpslate.

At the top, the beds are thinner and are interbedded over.a few meters with
purple and green aggTomerate and tuff, Single greywacke beds up to 1T m thick
occur interbedded with tq?f and fava on Pigeon and Great Verdon Is]aﬁd

(Fig. 4). The greywackes petrographiﬁa]]y.and lithologically resemblé

the semi-schists (Turner, 1938; Spry, i969) of the Croque Héad Stice with
which they were correlated (Smyth, ]97]);. L \

| Agglomerates with mafjc volcanic c1$sfs up to 10 cms ac' sS

occur near the base of the sequence séufh of the western'entrancé to Fishr;
Harbour (Plate 28, fig. a). Recognizable pillows are rare in the thesis
area but are common north of Hare.Bay. The lavas are fine~graineq, light

e
to dark green,and commonly ‘contain feldspar phenocrysts, up to 1.5 ch
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across in the centres of pillows (Plate 28, fig. b). Thin]y-fo]iated,

light to dark green,tuff is the dominant lithology of the member.

Bedding in the tuff is preserved in the less deformed parts of the sequence.

Thin 1imestone bedé up to 0.3 m thick are interbedded with tuffs at the

east side of Landing.Cove and on the west side of Great Verdon Island.

Fabric:

The intensity of deformation is zoned within the greenschist
member and the rocks vary from semi-schists to intensely foliated schists.
In the semi-schist areas, the greywackes retain clastic textures, pillows
are moderately flattened, and feldspar phenocrysts are flattened and
elongated with XYZ ratio of 1:2:3. :

Most of>the member, however, has been converted to fine-
'd;ained,'he]1 foliated schist. The greywackes are convertg@ to fine-grained
psammites and semi-pelites with a fine‘muscovite schisipsity. The volcanic
rocks are altered to chlorite-actinolite-schists. Feldspar phenocrysts are
almost comp]eté]y %1attened into thin bands with XY¥Z ratio of 1:4:10.

With increasing deformation in narrow restricted zones

the rocks pass into intensely foliated streaky schists. These schist zones

-were referred to as tectonic slides by the author (1971), The slide zones
are up to 6 m thick and appear to be ' <onformably bounded by the surrounding
schists into which they grade. The best example is at the southwest tip ‘
of Fishot Is]and”where a zone of intensely foliated purple quartz}te occurs
interlayered between mafic tuffs. It consists of discontinuous quartzitic
foliae 1-2 mm thick separated by streaks of muscovite and magnetite. The

banding ‘is folded by inclined F2 folds and is tlearly of D] age.

e
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The S] schistosity is the dominant fabric element of
the greenschist member. It is folded by tight F2 folds that produced
a strain slip S2 schistosity. Small opeﬁ folds, kink bands, and shear
zones of D3 age affect the earlier structures. The shear zones are from
0.5 to 2 m wide and consist of angular schist fragments set in a brown

-—

weathered quartz-carbonate matrix.
Petrography:

,; Tuff - The tuffs consist of thin alternating acting8lite

-

rich and calcite rich bands. The actinolite is subidiomorphic, 0.1 - 0.25

T
L}

. LA, . . .
mm in grain size, and shows a strong preferred orientation that defines

the S] schistosity. It occurs with scattared granular aﬁd prismatic
epidote crystals up to 0.5 mm 1dng,“fhat have a weakly developed preferred
orientation. The S, fabric forms adgen,aroﬁnd some‘b?rihe single

granular crystals suggesting that part of the aWteratjon preceded the first
deformation. . In somevsectionf,ch1orite and granu]aiiepidote also form ‘
distinct, but discontinuous bands. The calcite ricé.bands contain, in
addition, mirfor plagioclase (An6_]0),epidote,and qua;tz. Most of the
p]agioc]aée is twinned according to albite and albite-pericline laws, but

the grains are almost completely saussuritized.

Porphyritic Pillow Lava - The feldspar phenocrysts are

completely altered to a light-coloured sericite-carbonate-epidote assemblage
in the interior with a thin outer rim of dark brown, epidotic-carbonate.

A weak schistosity in the groundmass, defined by tremolite, forms augen

A
\
/
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around the phenocrysts (see Plate 28, fig. b). The groundmass consists
of plagioclase laths, tremolite, epidate and accessory iron ore. The
tremolite is subidiomorphi¢, 0.3 - 1 mm:in gratn size, and shows a weak
preferred orientation. The p1agioe]ase (An]Z) occurs as small, twinned,
Taths up to 1 mm long that areron1y“partia1Ty saussuritized. Epidote

occurs as scattered granular gra1ns yp to 0. 2 MR across and the iron ore
{

is ox1d1zed to 1eucoxene d ) .

Psammites and Semi-Pelites - The psammitesfcontain subi

angu]ar grains,from 0.5 - 3 mm in diameter, of quartz, quartzite, K-feidspar
and plagioclase set {n a fine-greined sub-schistose sericitic matrix.
In the semifpe1ites mu§cov1te and..chlorite laths, up to 1 mm long, define
a strong L-5 tectonite fabric. Quarti occurs in stringers and lenticles, |
0.5 to 2 mm'thick.‘ In the thinner bands the quartz shows a strong preferred ‘
shape orientation but this gives way to a granoblastic polygonal texture ,
in the thicker bands Magnet1te is a common accessory and occurs as Sma11
rods (0.5 mm 1ong) a11gned parallel to the sch1stos1ty, which is a composite
52 fabric.

Slide Zone - The intensely folded quartzitic schist zone at

¥

the southwest tip of Fishot Island consists of a granoblastic polygonal

netwark of quartz crystals, 0.05 mm across, with a high brqportion of

: 4
magnetite (20%) and minor sericite, chlorite, and apatite. Magnetite,

’

muscovite and minor garnet occur, concentrated in thin interbands up to

1.5 mm thick. Laths of sericite and chlorite, 0.03 - 0.05 mm long, grow

along and across the quartz grain boundaries and show a strong preferred




orﬁ'entati‘ori that defines the 52 séhistosi}y’." The gar:net is idiomorphic,
0.03 - 0.05 mm-in diameter and dirty brown. The 52 fabric forms augen
around the garnet indicating that 'it predates this fabric. Magnetite
_forms 'small octahedra up to 1 mm acrass that also pre-date the S fabmc
 Muscovite m1croporvhyrob‘lasts up to 0.5 mm acrass, -overgrow and post-date -
the S, fabric.

VSmaH discdntinuous qu&rti veins are folded by the F2 folds

and consist of crystalg,up to 1.5 mm long,that have sutured grain boundaries

and a weak preferred orientation parallel to 52.

SAmphibolite Member : . .

The amphibolite member 1\der1ved from maﬁc volcamc Cﬁicks, '

tuff, minor gabbro, and minor thin interbeds of 1imestone xa.nd pbehte his
’15 a similar protolith to that of the greenschist memper except for the
lack of psammite and semi-pelite and the presence 6f gabbra.

| - The amphibolite member structurally over] ies the greenschist
member and is exposed in a -400 m wide strip along the east side of Fishot and .
) Northeast Islands‘. The na‘rrow A_trahsition .zene which marks‘ the contact .is
well exposed at the east side of Landing ,flove and at Ea.ster Tickle.. Another
- occurrence of amphibo]itf_:s at Fishot Island is in a narrow, disconti’lnuoué
Strip at the west side of Landing Cove (fig. 4). Here the amphibolite
‘memb\.er'is ‘only 15 m thick, with top cut out by ‘a late fault that repeats
the greenschist succesl,sion South of Croque Head the amph1 bolite member

. rests d1rect1y on a mélan'ge that. separates it from the Croque Head Slice.




Lithalogy and Fabric:

Volcanic rocks and tuffs, converted to- hornblende schists,

-

are the dominant lithology of the merr'nber. No primary volcanic features
are preserved and the rock is a-dark grey to black, generally massive,
well foliated schist. However, it is distinctly banded where derived
from bedded tuffs (Plate 29, fig. a). The schists are -most1y medium to
fine-grained with hornblende crystals up to 1 mm 10;19 and have a strong
platy L-S 'tectom'te fabric. In places, especially ne‘ar the exposed top of
the section, the rock is coarser grained with hbvrnbiende crystals up to

”
5 mm across'.

Pelites, converted to dark grey, garnet-biotite slchisas,
occur as thin, rare, interbands from 5 to 25 ¢cm thick in the hornblende
schists. The garnet porphyrob]‘._asts are generra1'ly"|-3vmm in diameter but
at one Jocality on the north side of Easter Tickle theysoccur up to 12 mm
"in diameter. Hornblende 15 generally only poorl-y deve]opéd within the
‘peH‘te.s-and bio'tite best defines the'schistosity (Plate 29, %ig. b).

AL

~ Impure limestone beds up to 0.6 m thick are conspicuous, i
burt rare, in the amphibolite member. They are exposed near the“ top of
the member at Easter Tickle where they are intertayered and complexly
folded with hornb]é’r\ide.schists (Plate 30, fig.a ). The limestoneé are
converted to white-to g;‘ey to bluish grey, thinl)ll banded, foliated,marbles

that contain rare porphyroblasts of garnet.

The narrow strip of amphibolite member exposed on the west

side of Landing Cove iné]udes a lens of metagabbro up to 8 m thick. The . .
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gabbro structurally overlies the hornblende schists with sharp contact
to the west and to the east is cut out by a f;u]t that repeats the

@
greenschist member.

The gabbro has a distinct compositional banding -composed
of 1ight,'fe1dspar rich and dark, amphibole rich bands from 2 to 15 cms
thick (Plate 30, fig. b) . The banding is thdught to be a primary igneous
-layering A strong S1 tectonic fabric, defined by act'inoh'te crystals up
to 3 mm long is developed parallel or subparallel to the prima'ry,gabbr'-o -
1ayer'1'ng. The schistosity is folded by t%gﬁt F2 f-blds thaf‘have an -
associated strain-slip fabric. Small areas of meta-;gabbro ﬂere also

\discovered in reconnaissance work near the top of the am
| ;t the southwest corner of the western White Hills, north

(Fig. 2).

Petrogréphy: '

Hornblende Schist - The hornblende schists aré :CO

dominantly of hornblende (75 - 90%) and plagioclase (15%) with miy

(o}

epidote and quartz and -accessory.Sphene and magnetite. The hornblende is

strongly pleochroic in X, light brown;Y,, olive greemand Z, emerald green.
It is subidiomorphic and shows a moderate to strong preferred 'orientatfon.
The hornblende commonly contains small rounded inclusions of plagioclase

] : v -

and more rarely of magnetite. The hornb]'ende is commonly altered along

- thin cracks to penninite-

P?agidc'l ase .(A;133‘_4'0) . 'gene'ra‘ﬂy heavily saussuritized,

Y

occurs as scattered xengmorphic grains, 0.1 - 0.0 across, be tween

. hornblende crystals. “Albtte and atbite-pericline twinning is preserved

~

ir_r_the less altered \Lariét'ies. !

Ay £
£ ~
" TR -




Pelife - The pelites are composed dominant1y of plagioclase

50%, biotite 25%, with minor quartz 5-15%, garn'et' 5% and hornblende 0-10%;

and accessory magnetite, epidote and apatite.

Plagioclase (An33) occurs as porphyroblasts up to~2 mm
—across that contain rare inclusions of biotite and rounded quartz: Most

/
of the porphyrob]asts are untwinned but the f1ner gra1ned p]ag1oc1ase in

the ground.mass corrnnonly shows albite twinning. h

Brown biotite occurs as sma}l laths 0.2-0.4 mm long. They
show a strong preferred orientation that fonnsaugen arodnd the p]agioolase'
and garhet porphyroblastas. Quartz as present as small gra1ns 0.1 -0.2 mmn
long and as str'ingers up to 7 mm 1ong The ‘d'uartz shows undu‘lo§e Ext1nct1on
.and a Wweakly deve]oped dimensional or1entatlon -In the stringews the quartz
is partially po1ygon1zed with sutured g—ram boundar1es

Garnet is- ub1qua tous in the meta-pelite bands and genera] ly
forms well developed porphyroblasts from 0.5 - 3 mm in diameter. They
contain 1nc1us1on traﬂs of magnetite and quartz and more rarely, of biotite, N
- that are arranged in circular and straight forms .
Hornblende is poorly developed or':_ absent in the pelités:

.

It occurs as subidiomorphic crystals up to 1 mm lomg, scattered throughqut ’

I

the rock, and in d1screte, 2 -3 - thick: hornb]ende r1ch bands'.' The

hornb]ende shows a strong preferred or1entat1on 1nterpreted as S] s

1s folded by F folds with assoc1ated further hornb]ende growth. . /

that

Magnet1te OCCurs .as smaﬂ rods and equant grains up to -
0.1 rrm-‘rong The rods dre ahgned in ST and defme stra1ght 1nc1us1on—* -

tra.ﬂs \nthm the garnet porphyroblasts

L




Idiomorphic apatite, O - 0.5 mm-across, and xenomorphic

_epidote,up to 0.5 mm across,occur in accessory amounts . Loca1 chloritization
and (‘serjcitizatioﬁ partially alter the pelites.’

Marble - The marble bands are composed of di'opside,.
carbonate, sericite, epidotic—carbonate and minor quartz and garnet..
The diopside is co]our]ess to 1ight green and occurs as supid.iomorphic.
crystals in mongmineralic masses,.5-7 mm wide. . The' diopside is partially
altered, especially at the margins of _the' bandsi to colourless tremolite.

‘ Garnet is rare and .occgrs as- poorly devel_oped, pale pink,
porp_hyrob]asts 'up to 2 mm across. The g'rou‘ndmass. consists of serici‘te;
brown epidotic-carbonate, and minor‘ch]orite, that show a strong preferrea
or1entat1on and define the S1 f011at1on ‘of the rock.

Gabbro - The meta-gabbro is composed of pa]e green amph1bo]e

(40 - 80%), p]agwc]ase and accessory sphene The amphibole is p]eochrogc in X,

colourless; Y, light to olive green; Z', pale green, has an extinction'angle

Z c of 180, and is probably act"rn_o]ite-. The actinolite is. subidio_morphic, |
up to 2 mm in grain size, a‘nd.sh'ows a strong preferred orientation that )
_defines the S} schistosity. The plagioclase is comp]etefy 'saussurijtized'

- to a brown ep1dot1c carbonate mixture, and the hornb]ende ‘shows partial

' a]teratwn to chﬂQﬁe

Contact Zone

The contact between the Goose Cove Formation and the over- '
dying Nh1te H1HsPer1dot1te Sheet is not exposed in thes1s area but is

believed to 1ie’ "beneath the sea not far east of Fishot", (Cooper, 1937).

5 !




A\high magnetic anoma]y in this génera] area (Fié. 6) suggéétive of -an

u1tramaf1c body, adds to.Cooper's postu]at1on

. The contact below the White Hills Peridotite Sheet, north
of Hare Bay was briefly studied on four separate traverses The Tithology
and fabr1c of.the Goose Cove Formation in the White H111s is similar to
that on the F1shot Is1ands and a greenschlst and amph1b011te member can be
mapped.‘ However, a petrograph1ca1 subdivision of the amph1bo]1te mgmber
is possibTe and a "contact zong" is defined on the basis of a different .
metamorphic mineral assemblage. The “contact zone" occurs directly below
the White Hills Peridotite Sheet and is characterized by the presence of.
brown horﬁbfende and the appearan@e.of augife. The ‘zone varies fn thickness
from 10 to 27 m‘qnd theltréhsifion outwards from brown hornblende, to green
_hornb]endé, typica]lbf the‘amphibo1ite member, occurs over a few meters.
The actual contact between the peridotite and schist was nowhere obsérved

but can usually be defihed»over an exposure gap of a meter or two.
Lithology and Fabri;:

Dgrk4horhb1eﬁde schists and meta-gabbro are the lithologies
of the contact zéne; -The hornblende schists are texturally simi1ér to
those in the amph1b011te member apart from a s]1ght1y coarser grain size.
Hornblende crystals from 2 - 4 mm Tong def1ne a strong L-S tectonite fabric.
The meta~gabbros;posse$s q strong foliation def1ned by segregation of
amphibole and feldspar into discontinuous 1ayer§ 1 - 3 mm thick. 'Highin ;
é few meters from the contact the schists possess a strong scﬁ{stosity in

which knots and augen of hornblende or hornblende and augite stand out in

~a light, feldspar rich matrix that wraps around them (Plate 31, fig. a).




The f011at1on of the sch1sts in the tontact zone is.
paraHel to the contact with the White Hﬂ-"ls Peridotite Sheﬁt and also '
t;o the axial plane of the F, recumbent f}]ds well deve]op¢d in the
under]ymg amphibolites. No recumbent ffolds ‘were seen }n the contact

. ; : ya .
zone but the fabric is considered to Pe a composite Szfschistosit_y.
-
)
. ;(‘ ]
The ‘contact zone [s character1ze¢ by the coexistence of

" Petrography: -

-brown hornb]ende (35-40%) and- a)lg1te (20%), and the presence of plagioclase ,

(An40) The augite is colourless or pale green and non- p]eochrmc In

the metagabbro it occurs 1n the amph1bo]e r1ch bands and-in the hornblende

schists it is scattered throughout the rock and exists SJde b_y side with - .

hornblende. The grams are sub1d1omorph1c, up to 2 mm 1ong, but 1ocaﬂy ' R

form porphyroblasts up to 3 ym across. ' ' .
. Hornblende occurs as discrete gra‘fns end as partial

replacements and-inclusions in.pyroxene'ews_tatls. The hornbtende, is

pleochroic in X, .pale browh‘; Y, 2 brown»to .'redd'ish'brown but in one -

section of metagabbro the pl eochro1c scheme is X, coTour]ess, Y, 'z

light brown In the strqngly banded metagabbro hornb]ende forms eye | Lot '

shaped porphyrobl asts 6 mm 1ong that . .are augened b_y the 52 schlstos1ty

P]ag1oc1ase forms xenomorpmc grams up to 2 mm across

that are corrmon]y partially, or comp]ete]y altered to saussumte A fine "_

polysynthetic tw1nn1ng is present - 1n most grams In the fe]dspar'ri"ch

‘bands in the metagabbro the- p]agwc]ase forms a granob1a5t1c type texture

with a slight preferred d1mens,1ona1 or1entat1o_n. The gra1ns are from 0{.‘1 -

0.3 mm long and show undulose extinction.

Q.




Apat1te 1s a commen acessory in the. ferro magrnesum rich
bands in the metagabbro. It forms xenomorphic grams 0.3 mm across: and

--often occurs as inclusions in hornblende. Sphene and iron: ore are 1ess

. R . /
corrmon'ly present " o ) : : ) -

Most sections of the, contact .zone show some" degree of
:rétrogressive_metamorph1sm The f1 rst stage, a margma] a1terat1on of
pyroxene to brown hornb1ende. is on1y poor'ly -deve]oped. “The second stage
affected both pj/roxen'e and hornblende Aa‘]ike'ahd'.,th'ey a're ‘retrogressively . |
a]tereci‘ to a yellow, £ibrous amphibole.or more commonly toﬂ"colouﬂess tp

_ light green, tremolite-actinoljte. 41N more ,ex'trem'e‘ cases chlorite is a]so; .

developed. .Feldspar alteration also accompanied thiws 'a_]teratio_nAstage,

N

wmch post dates the S2 fo]iation oY

Thm prehmte velhs cmss-cut and cTearTy post- date all

o’

of the previous metam_orph_m ‘events,

4 2
»

Age and Provenance - _

Fhe age_and pravenance of the rocks of the Goose Cove
Formation Ais umcertain. The fgreyﬂackes at t'he. ba’se of. .the formation on
. F1shot Is]and are s1mﬂar to parts of the M_a1den Pomt Formatwn -and must
have been derived from the Grenv1He basement to the west. The vo]camc

y

'rocks may represent a vo'lcan!c r1ch fac1es of the Ma1den Pmnt Formatwn

NS

s1m11a,r to the: Malden Paint north of Hare Bay around St Luna1re (F1g 2)

’ (HﬂHams et al. 1973) o : -

»

" The Goose Cov~e Format‘lpn has been corre]ated (Smyth 1971)

w1th part of the eastern ¢sequence (Kennedy, 1971) of the pre- Aremg F]eur

1
-

-de Lys Supergroup A1l of. these tenuous hnes of evuience suggest a Cambman .

age-- for the Goose Cove Format1-on E R




‘CHAPTER 1V

MELANGE ‘ZONES
Mé]ange zones consisting of a chaotic mass of b]ocks'of
various shapes sizes‘and attitudes set in a b1ack' or sometimes bTack and
- green shaley matr1x (see Plate 31, f)g b) occur at(theﬁ$oles of the
various thrust s11ces 1n ‘the north of the area but are absent in the south
of the area at Canada Bay where the COntact below the Ma1den Point Sl1ce
is & sharp thrust. The 1ocation of the various me]ange zones is shown

diagrammatical]y\in Fxg 16:

"Basa1 Mé]agge to the Maiden Point Slice

A méiange separates the Ma1den Point. S]1ce from the
‘rautochthonous Goose T1ck1e Fonnat1on in the north of the area (see F1g. 3); ;

: but is absefit in the Canada Bay area.

At B1g Springs In]et the Goose T1ck1e Formation, grades

<« *

. .upwards over a dxstance of about 9 m from unbroken beds .through broken up

-.

»-beds composed of detached and rotatkd. blocks and over]a1n by me]ange
constst1ng of blocks der1ved from both the Malden Poant'and Goose Tickle
‘Formation S1m11ar1y the base’ of the Maiden Point S]1ce is broken up and
“injected w1th shale and shows a gradational contact w1tn the me]ange The
'melange ‘at Nh1tes Arm also has gradat1ona1 upper ‘and 1ower contacts |

Two me]ange zones occur w1th1n the Ma1den Po1nt Slice at o
Deep Bay in Hare Bay, and at Lftt]e Canada ﬂaebourc The me]ange zones are '~

e g Co
not cont1nuous, and do not.déf1n¢ separate slices: Thrée possible’

explanations may account for<their presence. - o CT

"
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I. They represent the basal mélange of the Maiden Point
Slice exposed in eroded“antic1ina1 cores.

Structural evidence to prove that these areas are
major antic]ines‘was not found. The presence of basal
mélange at Little Canada Harbour would be anomalous as
only 1.6 km to the west at Canada Harbour there is no

mélange at the base of the Maiden Point Slice.

II. They are téctonica11y-disturbed,br1tt1e,parfs of- the

Maiden Point Formation.

+Both éf these mélange zonesléontain in addition té the
usual b]éck éha]ey matrix gnd b]oc%s of Maiden Point greywacke,
blocks of brown.weéthekéd 1ihy éi]tstone. The Little Canéda
Harbour occurrence also contains ai{pre-tectonic dyke or
block of diabaée. Limy si]tstoné was not found outside-the
mélange zones and would appear to be an exotic lithology to
the Maiden Point Formation, which would negate this.

possibility.

AIIf. They represént early, discontinuous, zones of imbrication
- within the Maiden Point Slice that contain mélange.
This possibility circumyents the lack of structural
_‘evidénce necessary for the first hypothesis and also might

;apcount for the presence of the limy siltstone blocks. Such
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mé]angefiones may not have formed at the base of the slice
or hay have been reﬁoVed by emplacement, which would
account for their absence from the present leading edge

of the slice at Canada Harbour and Englee.

Basal Mélange to the Croque Head Slice

f

Basal mélange to the Croque Head Slice is well exposed at
the localities listed in Fig. 16. It varies from 12 to 45 m in thickness
and attaims max%mﬁm devé]opment aF St. Juliens. The lower cohtact is
‘gradational into broken beds of greywacke but the upper confactAié sharply

defined (Platé 32, fig. a). . |
. The mélange consists of clasts of Maiden Point greywacke,
brown weathered,1imy.si1tstone and a single clast of altered diabase
‘occurs south of Cobb]efé Cove. . Myrray (1861) noted chalcopyrite and
siderite minera]izatioé.in a‘quartz veined sandstone at St. Ju11ens;' The
sandstone occurs as a block 18 m Tong in the mélange and is of no eéonomié.

significance.

Basal Mélange to the St. Julien Island Slice

The basal mélange to the St. Julien Island Slice outcrops
along the west.and south side of the islénd (See Fig. 5). It overlies. the
Crodue Head Slice with sharp contagt,and the upper contact with the Iri;ﬁ

~ Limestone varies from sharp to gradational over a few meteré. Locally the
. e X ’ s

basal limestone beds are brecciated and clasts of limestone and brown

. . . ‘ ' ' l

-stained quartzite are incorporated in the uppermost part of .the mélange. ..

[N

'The majority of the clasts, however, are of Maiden Point greywacte.,




" Basal M&lange to the White Hills Slice

The basal mélange to the White Hills Slice is excellently
exposed across a‘60 m wide wavé cut p1§tfonn that parallels the Westgrn
Amargin of Fishot Is]and. The lower contact of the mé]angé-is a normal
fault with the Maiden Point Formation which fs exposed on a smalt island
at the southwest tip of Fishot (Fig. 4). The upper contact with the Goose
Cove Fbrmation is sharp -and is defined in several lTocalities. The‘mélange:
is approximatély 45 m .thick with base unexpoéed.

< The ;1ésts consist almost entirely of greywacke and minor
quartiQpebb]e coﬁg]omerate;derived from the Maiden Point:-Formation. A
single altered microgabbro'boulder éimi]ar to the coarser parts of the
Maiden Point volcanics Qas found. A pre-tectonic d1aba5e b]ock or dyke,'
now cut up into small imbricate slices(Plate 32, fig. b) occurs in the
' me]ange near the contact with the MaidemPoint Formation. _Post—tecton1c
dykes cut the me1ange and the mélange-White Hi]]s‘Slice.contact in

' Ve
several places (Plate 33, fig. a). e

Litho]quAanH Thickness

The various melange zones vary in thickness from a few
meters to-over 40 meters at Fishot Island. They are all lithologicaily'

similar, in that they contain isolated clasts (10-30%) in a shaly matrix.

‘Rractically all of the clasts consist of Mpiden Point greywackes and it
should be noted-that rocks of the Maiden Point Formation form at least one

of the bounding formations to all of the mélange zones. Other clasts‘ake

-

x

. -
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rare and consist of brown weathered‘limy siltstone, microgabbro and

diabase. Limy siltstone was not seen in any of the bounding allochthonous

or autochthonous dnits in the map area and appears to be an indjgenous

1itho1qu of the mélange zones.

' The matrix consists of black shale that in most cases has
"been converted to a slate or phyllite (Plate 33, fig. b). At F1shot Is]and
app]e green s]ates are locally integmixed with black slate and at Irish
Bay'11ght green siltstone is incorporated in the matr1x Secorndary nodules
and euhedral crystals of pyrite are common in the b]ack slates.

The ‘clasts show a variation in size from pebbies-to
~boulders to blocks up to 30 m-long (P]atg 34, fig. a). However, bogldefs
from 0.3 to 0.6 m across are the most common sjze. There is noljnierna1
grading and clasts of all sizes occur chaotically intermixed. . The’
boulder énd'pebblé size clasts vary from angular to rouqdéa.and are
genefa]]y oval shaped (Plate 34, fig. b). The larger blocks tend to be

'-angular and tabular shaped and lie with their lTong axes parallel to the
first cleavage (S]) in the ?ock. The brown weathered 1imy si1tstqpe
clasts commonly form slabs up to 3.6 m long and up to } m thick. - The slabs
are composed of thin beds up to 15 cms thick that show interné] grading,
. lamination and cross bedding. At St. Julien's siltstone slabs can be; -~

traced into broken-up, angular, boulders. c~1

Fabric
In most places the mélange possesses an early tectonie
fabric (Si), that is arranged parallel to its upper and lower contacts;

and is folded by open upr1ght folds (EZ) with an ag50c1ated ‘weak crenulation
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2) (Plate 35, fig. a). The intensity -of .the early fabric (Sld N

\

cleavage (S

variee/;rom west to east across the area and is most “intense below the ,J

"~ [
white/ﬁills Slice at Fishot Island. However the later folds (F are

a]so tightest in the east and they may have accentuated the S] fabr1c H

" -(See Chapter V1) . . _ o 3
‘ At Big Springs In]et-the matrix possesses a fissility

thet forms augen ardund the clasts. ‘EastQard,at Whites Arm in_the

same melange zene below the Maiden Peint §1ice, the 54 fabric is defined

by f]attened.clasts and a s]aty.cleavage in the matrix. The S] fabric

is intense at Fishot Island where quartz pebbles are cbmp]éte]y

flattened into -.thin veinlets. At Fishot_Is]and and Little Canada Harbour

minor flat lying Fj folds are locally associated with this fabric

(Plate 35, fig. b).

Discussion - ‘ o o !
The origin of melange zones is espec1a11y en1gmat1c
Bruckner (1966) 1mpressed by the absence of primary deformaﬁﬁona]
structures in mélanges in the Humber Arm A]]ochthon conc]uded that they
must have had an original chaotic structure before they were overr1dden g
and deformed by a thrust slice. He proposed a regolith pro&hced by mabs
\wast1ng as the cause of the original chaos. . _ '
A Stevens (1970) concluded that there are two types-of _
'mé1ange, namely, a sedimentary Q]istostromef&eve1dped in front of the
allochthon, and a tectonic mélange dete]obed betweentthe thrust slices,

-
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but ggve no ’criteria by whish this distinction is made. The only
apparev_nt' difference between the two 'typeS‘ is in the presence of a tectonic
fabric in’the 7tecton1‘c melange, whict; appears to be related to overriding
by the thr:ustAs‘I'ices' Both types probably had a similar origin. .
H-s'd (1968) concluded that it is impossible to «distinguish between a .
deformed olistostrome and a tecton-i'b -n.1e/1ange. . \
Any théory <;n the origin of mé]ange beltween the allochthonous ’

thrust slices mGs—t explain the following points:

1. the sc;urce of the indigenous black shale that forms
. up to 80% qf' the melange.

2. | the source of the clasts.

3. the general uniformity of all ti\e melange zones

regardless of sfr‘uctura] position.

The tectonic base of a slice does not always occur at
the same stratigraphic level a1ohg its lergth and breadth, for example
the White Hills Slice. Tt follows, therefore, that the base of a slice
bears no genetic relationship to the rﬁé]angerit overlies. Rather, ‘a
mé1ange represenfs an independent ‘11'thology over which a slice traversed
during emp]acemént. .

There are two formations in the Hare Bay area that may have been

a source of the black shale.and may have been lain in an area that was

traversed by the thrust slices during emplacement:
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1. The uppermost part of the autochthon, the Goose

Tickle Formation.

2. The black shales of the allochthonous Northwest Arm
Formation (Coopér, 1937) that constitute the basal slice

of the complete Hare Bay Allochthon (Williams et al., 1973).
The Northwest Arm Formation is exposed north of the map area
at the head of Hare Bay (Fi'g. 2) where it is structurally
overlain by both the Maiden Point Slice and.the White Hi11™

Slice.:

The Goose Tickle Format1on is an unlikely source as it
does not contain limy siltstone or green sha]e and also it underhes the
ent1re Hare Bay AHochthon’ even where me]_ange is absent, for example, below
the Maiden Point Slice at Canada Bay.

The Northwest Arm Formation, on the other hand, contains
b]ack‘sheﬂe, minor green shale and buff weathered Timy siltstone (Williams
et al., 1973). The formation crops out close to the northern extremity
of the map area at Hare Bay (Fig. 2) where mélange is best developed, but
does not occur southwards where mélange is absent. The development of
mé]ange'appears, the}*efore, to be closely linked to the spatial distribution
of the Northwest Arm Formation. (

It is suggested that equ1va1ents of the Northwest Arm
Formation are the source of the indigenous 11‘tho]og1’es of the me]ange zones .
The exotic blocks of gréywacke, microgabbro, and diabase were derived from

"the thrust slices during empl'acement. They were either shed by gravity
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sliding or were tectonically incorporated from the advancing slices.
The structural evidence (see Chapter V) suggests that the mélange
zones formed early in the tectonic evolution of the allochthon and

this is discussed further in Chapter VIII.




CHAPTER Vv

INTRUSIVE IGNEQUS ROCKS

 PRE-EMPLACEMENT INTRUSIONS

AUTOCHTHON
MICROGRANITE AND GRANITE :
N

Pink microgranite (senso lato) sost-tectonicaliy intrudes
the gneiss?sfof the Long Range Complex at Seans Cove [see Plate 1, fig. a)
and both gneiss and granite are unconformably overlain by Bradore sandstones.
The granite is therefore of post-Grenville and of pre—Cambrian age. f,
similar pink microgranite also occurs in thrust contact with the Bradore
Sandstones (Piaté 36, fig. a) and nearby it intruqes a structurally
overlying dark grey,'medium grained, high]y a]tefed, schistose granodioritic
rock.  The granodiorite may fepresent either an earlier more calcic
intrusion or a high]y.retrogressed gnéiss. °

To the northeast post-tectonic pink, granite dykes and
pegmatites cut the Acid and Basic Gneisses §nd'a highly deformed pink
granite constitutes the lower part of the structurally overlying Sugarloaf
Slide Zone. |

A1l of these pink granites show similar relationships.
namely, either intrusive into, or thrust over, basement gneisses.. The
granites are deformed, apparently in relation to the extensive thrusting
devgloped in this area. The microgranite thrust over the Bradore sandstoneé
contalns thin (1 - 2 mm), closely spaced (2 - 20 mm) anastomosing dark grey
crush zones (Plate 36, fig. b) that give the rock a brecciated appearance.

The granite dykes in the Acid and Basic Gneisses are folded, cleaved and
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brudinized Plate 37, fig. a). he grantie in the Sugarloaf Slide Jone
is tne most intersely deformed and i converted toiaugen-schist  and

~ L
ol

ohylionite.

~

The micronranite is corrosed of a fire arained /2.1 -

S

J.5 mm nicrecrystallire, granular, nosaic of cuartz and K-feldsiar with
rare niCreDnaencorysts un to Jomm o acrnss o Tugrts, plagicclase and

i-feldspar. Graphic intergrowth 2f tuartz and microcline 15 sometimes

The granite dykes in the fcid and Basic Gneisses consist
s

of plagioclase (AHS—TS) 5, auartz 35. and ¥-feldspar 10 . “afic

-

minerals (1 } consist of biotite., commonly chloritrzed, and muscovite.
and accessories include sphene and zircon. In the granites of the Sugarloaf

Stide Zon2, t-feldspar and plagioclase (An5_15) are in approximate equal

.. ..'4! .
proportigns. The plagioclase is commonly sericitized in the ribre deformed
. Y (’ . v ". .
parts of the slide. ’ e 1

[4
The composition of the granites ranges from alkali granite

to qrancdicrite and although the various bodies are separated from each

other by major thrusts they appear‘to'be post-tectonic intrusives of the

same age.

"PORPHYRITIC MICROGRANITE

.

A porphyritic microgranite (senso lato) .occurs at the base

of the narroﬁ thrust block of the lower clastic-volcdnic unit of the
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autochthon west of Burnt Point in Canada Bay (see Fig. 3). A major thrust
N separates the base of the porphyry from the under]ying\ Goose Tickle

i-’ormatién, and the upper conté;t is also a thrust that separates it from

either conglomerate or volcanic rocks of the Lighthouse CdQe Formation.

The porphyry is strongly deformed (see Plafce,37, fig.b) and the deformation

is probably related to the thrusting. |

*

Two varieties of porphyry, 1'n:fau1t contaét with-each other,
are present: | '
| {a) pink porph‘yritic alkali-microgranite (UPPER).
r (b) black to green, porphyritic microgranodiorite (LOWER).
The dark green variety consists of phenocrysts of oligoclase (6073), and
quartz (30f_) Jn a groundmass of biotite, quartz and plagioclase. 0ligoclase
forms subidjomor;phic phenocrysts up‘ to.6 mm across. The dark green i
porphyry 1s highly deformed near the contact with the basal thrust. There
the plagioclase phenocrysts are broken and kinked and commonly cbmpTete]y

altered to sericite and minor epidote. The quartz is strained and broken

down to suB—grains that show a dimensional preferred or'ientati'op and the

biotite is chloritized.

A dark green, quartz-sericite-chlorite-epidote schist
outc%p.s in the cliffs lstructuraﬂy above the dark green porphyry and may
represent a more h1"gh1y deformed part 61‘ the porphyry.

The pink variety structurally overlies the green porphyry
and can be traced for 0.8 km south of the coas.t'. It consists of xenomorphic

phenocrysts of quartz and K-feldspar up t0 5 mm across, in a fine-grained
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(0.1 - 0.5 mm) schistose groundmass of quartz, K-feldspar and aligned
sericite. The quartz phenocrysts show undulose extinction with sutured

sub-grain boundaries.

The pink porphyritic microgranite near Burnt Point has

certain petrographic similarities w%%j the microgranite at Seans Cove and

both occur af a simi]a} structural leyel, namely in thrust contact with

. . ‘i
the augochthonous basal clastic-volcanic un#t, and both are probably

refated. =

LATE PRECAMBRIAN TO EARLY CAMBRIAN DIABASE DYKES

Post-tectonic diabase dykes intrude the Long Range Complex

at Canada Bay. They have been described by Strbng and Williams (1972) and .

are not included in thisjgzudy. : oo

L]
*

MIDDLE ORDOVICIAN (?) MAFIC DYKES AND SILLS

.

Rare pre-tectonic dykes and sills cut the-Tab]e,Heéd and

- the Goose Tickle Formations at C;nada Harbour, Eng]eellwhiteS'Arﬁ and
soughwest.of Indre Point in Hare Bay. They are deformed by'the.middle
Ordovician emplacement defoémation (DE)Owhich‘puts an upper age 1imi;'oﬁ'
the intrusions. At Canada Bay the dykes are commonly broken up finto /4

| boudins‘(Plate 38, fig. a). A

The intrusions vary from fine-grained, altered, greenish, °

diabase dykes,up to 0.6 m thick,at Canada Bay and at the northwest side of
Whites Arm, to a 9 m wide gabbro at IndPe Point. The outer margin’ of the:

gabbro is coarsely crystalline with plagioclase laths up to 2.5 cm Tong.
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o
In thin~“section it consists of interlocking Iaths of albite (80%) with
interstitial chlorite (15%),:accessory opaques and late sheaves of brown
stilpnomelane. Cooper (1937) incorrectly identified the rock as extrusive

as he ipterpreted the chilled nargjn as an ash band. -

§ ALLOCHTHON R ‘ - N
o . x&Tl JULIEN ISLAND GABBRO - | :
® : ‘ Small areas of pre-tectonic gabbro intrude the St. Jd]ien N

Island Formation on St. Julien Island and at B]ack'Is1and (Fig. 5). The |
gabbro.bodiés nave fine grgined chilled margins, and medium—grained'centra1
parts that locally include poarse porphyritic patches. The chilled margins
‘are up to 1.8 n across and have,been ponvertéd to dark greensthists by the
deformat%ons that affected\the St. Julien Island Formation, The microgabbro
shows an xenomerphip Qranu]ar texture with average grain diameter between
‘ 1.5 and 2.5 mm. The igneous texture is well- preserved but,locally, the

deformat{on has produced a sub schistose fabric in the rock> The '

porphyritic patches are up to 1.2 m wide and- contain sub1d1omorph1gnB1ag1o-

clase and augite crysta]s up to 3 cm long that are fractured and kinked by
- - the deformation.

The greenschibt areag consist predominantly of chlorite

with minor’carbonate,.a]bite,epidote and magnetite. 'These minerals define

a weak schistosity (S]) that is fo]ded about the upright F, folds. The

gabbro is composed &f p1ag1oc1ase (An10 ]5) and augite, in approx1mate

equal amounts, and minor hornblende and magnetite. The plagioclase is.
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"'unzoped, twinned accordinb to both albite and peric]iﬁe laws and is.
'commpnly extensively saussuriﬁjzed. Augite forms subidiomorphicﬁcrystais
gith irregular small inclusions and'djscontinuous rims of: brown hbrnb]ande.
Both the hornblende and augite are kinked and folded together and both show
secondary a]teration_to‘fibrous tremolite.. -Magnetite, commonly with rims
of hornblende, is'ﬁntergrown‘with augite in skeletal forms.

Both the. plagioclase ( N o- ]5) and hornblende. appear to

be primary and thE;r unusual occurrence can be exp1a1ned by a high water

content of the Tnal magma (D F. Strong pers. comm.). N

\

"POST-EMPLACEMENT INTRUSIQNS

,/">

DIABASE DYKES

Post-tectonic”fntrusiops with respect to the regional
Acadian. deformation ( A) are sparse and consist on]y of dykes.
Approx1mate1y forty dykes were noted in the area which cut a]] of the
slices of the a1lacpfhon the me]ange zones , and the upper part of the
ﬁutochthon. At Sugarloaf Head a late dyke in the Ma{den Point Formation
cross cuts the Acadian structures but is itself fd1ded and cleaved by
the late local folding developed in this area.

The dykes generally trend in a northeast direction and

range in thickness from 0.6 to 6 m. The smaller dykes are fine-grained

but the wider dykes have medium to coarse-grained central parts. The

texture varies from ho]pcrysta11ine to porphyritia to subophitic. The




dykes are slightly to moderately altered but igneous.texthres are everywhere

. preserved. Less altered varietijes consist of p1agioc1aée An40 (80%), augité
(20%), and accessory quartz, sphene and opagues. The altéred dykés copsist
“of albite sometimes completely sericitized, fibrgus'ampﬁféo1e and chlorite,
probably after pyroxene, and variab]e coﬁbinations of secondary sericite,
acfino]ite,-epidoti and cérbonate.

Major element analyses were made on 21 dykes and all show

<
<

broad]ylsimilar compoéitions (Fig. 17). Their compositions are similar
to the pre-tectonic Maiden Point Volcanics interpreted to have formed in

an environment of continental distension (see Chapter 111).The post-

tectonic dykes may also have formed in a similar environment.

<
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CHAPTER VI

STRUCTURE AND DEFORMATION

The different tectonic slices of the Hare Bay Allochthon

not only contrast in lithology but in the intensity and number of phases
of defofmation they suffered, for example, the White Hills Slice contains
poly-deformed amphibolites whilst the Maiden Point Slice contains mi]d]y—v
deformed basalts. The ear]ieét Hn}ormations in each slice either pre-

dated or formed contempofanebus]y with‘emp]acement; After middle Ordovician

emplacement, the entire area was affected by a major period of folding.

BN

These folds affect the undér]yiﬁg autochthbn, the mé]ange zones, the
allochthon-autochthon contact, and 2ef0]d the earlier fofés and fabrics
in the allochthonous rocks. This post-emplacement deformafion has been
assigned to the Acadian (Dévonian)»orogeny.(Smyth, 1971).

By careful examination of fhe contacts between the various
slices and their basal ﬁélange‘zones it has been possible to demonstrate
that the pre-Acadian deformations were produced either.during emplacement
or else prior to emplacement. Syn-emplacement §truc§ures are characteristic
of}tﬁe Maiden Point, Croque Head, St. Julien Island,Slices and also of the
éé]ange zones and the upper part of the autochthon. Pre-émb]acement |
structures are truncated by the mélange zones and are developed only in
the upper slice, the White Hills Slice."

"The. pre-, syn- and post- ehp]acément deformations are
—‘1a§g11ed,DP, bE’ and DA respectively. As fhe.sty1e and intensity of
development of structures relatdéd to these phases of deformation varies

L]




from.slice to slice, each ‘'deformation event is described separately for
4
. each slice. The structural evolution of the.various slices of the

allochthon is summarized in Fig. 18.

PRE-EMPLACEMENT DEFORMATION
Introduction ‘
’ Pre-emplacement deformations could only be proven in the
Goose Cove Formation,which comprises-the;bésa1~part of the White Hills
S]ice.' The evidence for pre-emplacement deformations in these rocks is:.
(1) Psammites with a composit? second phase schistosity (52)

are truncated by black and green shales of a mélange along

the south-west side of Fishot Island.

- (2) Schistose amphibolites oVer]ie unmetamorphosed méTange.

west of Lock's Cove, nocsb of Hare Bay.
(3) Boudders of polydeformed Goose Cove schists,are
incorporated in mélange along the north shore of Hare Bay
(Williams et al., 1972).

—
(4) Schistose amphibolites overlie much less deformed

méﬁange south of Croque Head.

Two phases of pre-emplacement deformation have been recognized and are

.

-~

1abe11ed'DP] and DPZ.

il
The first deformation in the Goose Cove Formation pfoduced
a strong schistosity (S]) and minor tectonic slides (Fleuty, 1964 b). No

megascopic or microscopic folds were observed related to this deformation.




Nane,

v »The é] fabric is well preserveo'in the metavolcanic rocks
of the greenschist member and is defined by a preferred-orjentation'ot
chlorite, tremo]ite;actiooiite, and f]atteneo p1agioc1ase poenocryst§.

In the semi:zpelites and psammites the S] muscovite-chlorite fabric is -
crenu]ated by the Sé schistosity (Piate 38, fig. b) and_on the fold 1tmbs
S] is tranSposed into the S2 planes. “ ‘ o

. S.l in the amphibolites is. defined by a11gned hornb]ende,
biotite, and rods of opaques. It is strongly overpr1hted4by the 52 fabric T
and 5 is only recognizable in the hinges of the F2 folds between the 52
planes, and as an included fabric in post- DP] garnet porphyrob]asts (Plate 39

fig.: )

In the slide zone at the southwest tfp of‘the 1'.sland,S.|

consists of a strong, streaky, foliation. y - ‘:

P2 .

The second deformation (DPZ) in tge Goose Cove Formation
produced inclined to recumbent folds (see Plate 39, fig. b) with an‘ '
associated agia] plane crenulation cleavage in the greenschist memoer and

a sehistosity in tﬁe amphibolite mehber F2 folos are common in the
greenschists but are difficult to recognize in the over?y1ng monotonous
dark amph1bol1tes except where interbedded contrast1ng 11tholog1es occur,'.
(for examp]e, marble beds north and ‘south otkEaster T1ck1e)(§ee Plate 30.4'
fig. b). ! -
) " The folds are close to sub-isoclinal (Fleuty, 1964a)
(interlimb angle 5-359 ), similar folds that trend northeast to north and_

plunge gently northeastwards. The present dip of the axial plane of the
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folds is contrb]led by the post-emplacement (DA) structures. The folds
are asymmetrical and exhibit a constant se~n9e of vergence that indicates
an antiform upwards to the west. Facing directions were determined from
the psammites at the base of the formation wheré the folds face upwards
to the west on the Sy cleavage.

52 in the greenschists consists of a closely spaced
(1-3 mm), kink-style, crenulation c?eavage&withv-.’ritﬂe or no associated
metamorph—ic growth except in the semi-pelites where 32 is defined by
chlori-te and sericite. In the amphibolites S2 becomes the dominant
fabric element by complete transposition of S] .1'nto the 32 planes and
accompanying growth of aligned biotite and hornblende. The Dy, structures

in the amphibolites are separated from the S] fabric by a period of static

growth of garnet and plagioclase porphyroblasts.

Conclusions
Lonctu>1ons .
!

The pre-emplacement deformation falls into two distinct
phases separated by a period of static mineral growth. The first phase

is a flattening type of deformation ‘characterized by a strong 51 schistosity

that is most intense in the slide zone. The second phase was a period of ~

recumbent folding with concomitant aligned mineral growth in the

amphiboli tes.
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D¢ SYN-EMPLACEMENT DE FORMATION

.

The major elements of syn-emplacement deformation (DE)

ére the detachment thrusts that bottom and define the various tectonic
slices of the allochthon. These basal thrusts are generally marked by
mélange zones which form distinct map units and have been described in
Chapter IV. 1Internal deformation within the Maiden Point, Crogue Head,
and St. Julien Island,S1ices produced a variety of structures that are
generally concordant Wth the basal thrusts..-Fhe emplacement deformation
also affected the mé]ange zones and the upper part of the allochthon.

At Canada Bay, where me/1ange is absent, an imbricate structure is

deve]oped in the autochthonous rocks. All of these deformation structures

are believed to have accompanied slice emplacement (DE) and can be

demonstrated to have preceded the post-emplacement Acadian event (DA)’

AUTOCHTHON
Introduction

| The DE deformation produced the first tectonic structures
recognized in the autochthon, namely, a widespread slaty cleavage in its '
uppermost part, and minor recumbent folds and an imbricate structure in
the Canada Bay area.

-

Imbricate Structure

A number of imbricate thrust faults are developed in the
autochthonous rocks in the Canada Bay area below the Maiden Point Slice.

The imbricate structure is best exposed along the south shore of Canada
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Bay where five thrustsr_epea‘t the autochthonous succession (See Fig. 3/,
section E-F). Southwards, the thrusts appear to be truncated by the Wild
Cove Fault and only two thrusts appear at the coast of White Bay. Minor
thrusts are exposed across the north shore of Canada Bay at Englee

Island, Baard Island, Bide Head,and Dieppe Point.

’ The uppermost and most powerful thrust. of the imbricate
§tructure is,‘pf course, the emplacement thrust of the Maideq Point Slice.
Within the autochthon, the thrust with the largest displacement occurs 0.4
km west of Burnt Point and superposés the Lighthouse Cove Formation
(Cambrian) on the Goose Tickle Formation (Middle Ordovician). A highly
sheared porphyry occurs at the base of this thrust sheet (See Plate 37,
fig. b). An escarpment and a strong lineation on the air photographs
mark the trace of this thrust southwards where it is truncated by the
Wild Cove Fault. Above this thrust,91-m to the east ,a second major thrust
is developed,which brings the Goose Tickle Formation over the Devils Cove_
Formation. The Devils Cove Formation and the directly underlying Bradore
Formation are mylonitized up to 6°m below the fault (Plate 40, fig. a).

A pgssible continuatioh of this thrust is exposed south of Sugarloaf Cove
in White Bay where the Sugarloaf Schists are thrust over the .Acid and Basic
Gneiss. The Acid ;nd Basic Gneiss probably formsa thrust block of
basement gneiss within the Sugarloaf:Schists. The basal contact is cut
out by the Wild Cove Fault but the uvpper contact is well-exposed and is

marked by a 53 m thick zone of mylonitized rocks referred to as the Sugar-

loaf Slide Zone.. The tectonic fabric of the S1ide Zone is described later.
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The disp]agements on the other thrusts in the autochthon
are much smaller; for example the St. George Formation rests on Goose
Tickle Formatjon east of Wild Cove; the Table Head Formation rests"on
the Goose Tickle Formation west of Canada Harbour, at Baard Island, and
at Englee Island (the Englee Island Thrust of Betz, 1939); and the St.
George Formation is superposed on the Table Head Formation at Bide Head
(the Handy Harbour thrqst of Betz, 1939) and at the west side of Handy
Harbour. The thrust planes dip moderately eastwards but are locally
folded by the DA Acadian event. The rocks at the base of the minor thrusts
are locally sheared and generally marked by thin (0.6 m) zones of ’
mylonitized rock. VDefonn'ed pebbles in Bradore sandstones at the east
shore of Wild Cove and west of Burnt Point record a northwesterly
stretching lineation that probably reflects the direction of movement of
the DE minor thrusts. Locally, minor recumbent folds are developed below
‘the thrust planes and are described in the next section.

’ -

Minor Structures

Recumbent to inclined Dg folds (F]) are common in the
autochthon at Cana.da Bay but in the north of the area are rare and were
only seen at the south shore of Whites Arm and at the west end of Coles
Pond. At Canada Bay the folds are most comhon below thrust faul ts, and
thrusting and folding was a related event.

The F‘] folds are best developed in slates and minor lime-
stones of the Goose Tickle Formation, at the west side of Baard Island

s

)]
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(Plate 40, fig. b) and at Enalee Island, below overthrust sheets of the

Taple Head Formation. Recumbent folds are also ceveloped at the west

side of the Bide Head iﬁ qrey limestone and minor dolostone of the Table Head
Formation (Plate 41, fiq. 2) below an coverthrust sheet of the St. George
Formation.

These F] folds are subisoclinal, Qast—trendinq, aently-plunging,
similar, folds. At Bide Head, the folds have an amplitude of 1.5 -
3mwith highly-attenuated 1imps énd thickened hinge zones. The more
rigid dolostone beds are commonly drawn apart to form isolated, oval-
shaped, boudins whose*axes are parallel to the F, folcs.

Other occurrences of F] folds that are not obviously related
to thrusting occur in the Table Head‘Fo}mation at Burnt Paint, in
the basal black Jimestones of the St. George Formation alona the east
side of Chimney Arm, and in the Forteau Formation at Fly Point. The
folds in the Forteau Formation are close, moderately-inclined, similar, folds
that face up to the northwest, and are more open }inter]imb anale 500)
and 6f smaller amplitude than those developed in the overlying formations
(Plate 41, fig. b).

In the nofth of the area at the south shore of Whites Arm,

‘é single recumbgnt fold (F1) was seen in the Goose Tickle Formation. This
fold is folded about upright Dp folds that are locally downward-facinpg
{Shackleton, 1959), further inqicatinq'th§7presence of syn-emplacement
recumbent folds in this area.

Other minor structures include boudins, quartz rods and

quartz veins. Rare, pre-tectonic, diabase dykes intruded into the Table Head




Formation at the cast side of Lanada Harbour, Baard Island, and at fnglee
Harbour are disrurted into boudins with rectangular shaped cross sections
{see Plate 38, fig. a). The boudins lie in the plane of the D[ 5 cleavage
ard their long axesare aligned parallel to the F1 fold axes. Veins, rods
and boudins of wuartz and calcite are locally developed in the Goose Tickle
formation at Canada Bay. ihe S] cleavage lacally forms augen around the
veins that probably formed{synchronouslv;41*H r-, These minor structures are

all folded by the upright DA folds.
v

e

» The D[ deformation is ropresented in most places in the
autochthon by a flat lying slaty cléavnqn (S]) that is an axial planc fabric
to the rare F] recumbent folds. Sj i< most intense ard most extensively
developed in the %oose Tickle formation and the Sugarloaf Schists and
locally near the thrust faults of the imbricate structure. S] shows a
general decrease in intensity with depth and distance away frnm.the
allochthon contact, At Canada Bay the development of S] extehds down to \~’/
the basal Bradore Formation but in Whites Arm Window no sign of S] was
found in the Table Head Formation; and in this area it appears that the
effects of DE die out rapidly with depth. West of the present leading

edge of the allochthon at Big Springs Inlet, S] is weak and only locally

developed in the Goose Tickle Formation.

In the slates of the Goose Tickle Formation S] is defined

by aligned sericite, minor chlorite and trains of opaques. In the greywackes

S] consists of anastomosing films of sericite that are locally arranged
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parallel and at Canada Head, east of Englee and at the south end of Whites
Arm Window, the micas are associated with a dimensional preferred orientation
of the detrital material (Plate 42, figs. a and b). However, in all of

these Tlocalities, the Dps Fy folds are tight and may have caused,a

morphological change in the S] fabric.
A syn-emplacement (S]) schistosity is well developed in
the Sugarloaf ScH;sts and is defined by aligned biotite in the pelites and
semi-pelites, by tremolife in the calc-silicates, and by biotite and
tremolite-actinolite in the mafic schists. The S] fabric is preserved
in the hinge regions of the F2 folds between the S2 crenulation cleavage
planes. However, on the limbs of these folds S] is commonly transposed
into the S2 planes.
In the underlying Sugarloaf Slide Zone the 5, fabric is
most intense. It is represented in the phyllonitized gneiss and granite
by zones of granulation that are in most places schistose. These zones
bound, and form augen, around lenses and bands of quartzo—fe1dspathicj
material that are up to 2.5 cm thick (Plate 43, fig. a). With increasing
défonmation the zones of granulation are thicker, the dchistose matrix
finer-grained, énd the quartzo-feldspathic bands are broken down into &
small, augen shaped, lenticles. The following stages of cataclasis and

resultant rock types, that are of course gradational into each other have

been distinguished in thin section.

Stage 1 - Development of thin (1 mm) irregular zones of

granulation with marginal crushing of the original minerals

Y
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and accompanying growth of sericite (Plate 43, fig. b).-

Quartz crystals become strained and broken, and develop

N
sutured grain boundﬁries with a weak alignment of their
]

long. axes. Fe]dqu}s are strained, kinked and broken

(Plate 44, fig. a). . .

Stage 2 - the zones of granulation are wider (2 mm) and
arranged parallel (Plate 44, fig. b). Fine-grained
sericite and chlorite in these zones give a sub-schistose
fabric to the rock. The schistosity forms augen around
broken and strained fe]dspPr and elongate "polygonized"

quartz porphyroblasts.

Stage 3 - Extreme granulation producing a fine grained
phyllonite with relict porphyblasts of aligned quartz
and feldspar arranged in lenticles. ‘T’he fine-grained
groundmass consists of a schistose aggregate of quartz,
feldspar, sericité and minor chlorite (Plate 45, figs.

a and b).

In the tectonic schists,DE produced a fine streaky

foliation (see Plate 14, fig. a). A biotite schistosity (S]) is developed

in the pelitic foliae which is preserved between the 52 cleavage planes

in the hinges of the DA (Fz) folds, but is completely transposed into the

S, planes on these fold Timbs. Dp (F2) folds are poorly developed in the

calc-silicate foliae and the S] fabric is in most places transposed into

the 52 planes.




MAIDEN POINT SLICE
Introdugtion
The DE deformation in the Maiden Point Slice produced

a weak to strong slaty cleavage with rare associated recumbent folds.

N

Minor Structures v

Emplacement (DE) folds in the Maiden Point Slice were
only observed in the Crogque Harbour area at 2 km south of Cobbler's
Cove, 3.2 km north of Pilier Bay and at the north shore of the northwest
arm of Croque Harbour. Locally, in the Maiden Point Formation, especia]i}‘
south of Canada Head, F] recumbent folds are inferred from the downward-

2
North and south of Croque Harbour the F1 folds are close to open

facing directions (Shackleton, 1958) of the later DA (Acadian) F, folds.

(interlimb angle 60° - 1000), symmetrica1) similar, recumbent folds that
trend east-west and face up to the north on the S] cleavage. These folds.
appear to occupy the nose of a north facing recumbent fold that is of
small amplitude as most of the F2 folds are upward facing. The fold at
the north skore of Croque Harbour occurs in an isolated exposure of medium
to fine-grained dreywackes and trends northeast.

Major recumbent F] folds are inferred from Canada Head
to Cat Cove on the basis of downward-facing'F2 folds developed in belts

up to 1 km wide. North of Canada Bay downward-facing F2 folds are less -

common and of 1imited areal extent. This impties that no major F]

recumbent folds ére developed in the north of the area.




Elsewhere within the Maiden Point Slice the D deformation
produced a fabric (S]) that s an axial plane fabric to the recumbent F]
folds and hence is generally arranged close to the beddiﬁg. The intensity

of development of S] decreases northeastwards, being very intense at Canada

Head and east of Englee and weak to absent west of Maiden Poin; in Hare Bay.

~ . .
The contrast in the development of S1 between pelites and-

greywackes is marked. In the pelites a slaty cleavage, defined by a
preferred orientation of sericite, is genefa11y developed. In the grey-
&.

wackes the S] fabric varies with increasing deformation from: ‘

¢

(1) AﬁastomOSing trains of seficite that meander aﬁound
unstrained detrital grains, to

"(2) parallel films of sericite that form augen around
detrital grains and define definite c]eayage planes
(see Plate 19, fig. a), toA
(3) aligned films of sericite associated with a
dimensional preferred orientation of the clasts (see

Plate 46, fig.a ).

Examples of the last stage are rare and are only developed
where the later D (F } folds have strongly over printed,the S cleavage,
for example, at Canada Head, Englee, and Cow- Bay in Hare Bay. Williams (1972)
noted~? similar re]at1onsh1p in greywackes that had suffered two periods
of deformatiqn and concluded that the development of preferred orientation
of detrital material was accomp]ished’by‘ﬁhe F2 folding which caused a

morphological change of the S] fabric.
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An S, slaty cleavage defined by chlorite and rods of
opaques is also present at the margins of the Maiden Point ‘volcanics
north of Croque. It is crenulated and commonly transposed by the later

DA deformation.

CROQUE HEAD SLICE
Fabric

A penetrative S1 slaty cleavage is developed in the
greywackes and slates of the Maiden Point Formation that comprise the
CroqLe Head Slice. Here the DA-F2 folds are strongly superimposed on ~
the S1 fabric which is crenulated and transposed by 52. A slaty cleavage
S] is also developed in the underlying mélange that is fo]d?d by .the
Fs folds. For this reason the 5, fabric in both rock units is assigned
to D deformation.

No associated F1 folds were seen in the Croque Head Slice

and.aTT)the F? folds are upward facing. S] is everywhere developed within

the slice and is in most places more intense than in the underlying Maiden
"Point Slice.S] is locally defined by a dimensional preferred orientation of
the detrital material in addition to the usual aligned sericite films.
. - - )
ST. JULIEN ISLAND SLICE
Fabric
The DE deformation produced a slaty cleavage S1 in the
St. Julien Island Stice that is folded by the upright D, F, folds. S
is best developed in the interbedded»tuff at the base of the Irish Limegtone

at the southeast tip of the island where a slaty c]eavage,defined by chlorite,

sericite, and rods of opaques, is crenulated by the Dp F7 folds (Plate 46, fig. b)
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In the Irish Limestone S1Iis weak and consists of ciose]y'spaced,.pqraTleL

dark,]ine§ tHat are composed of rods of Opaques and fine—gr?ined sericite.
In the St. Julien Island Formation an 5 s]aty cleavage

is locally preserved between the Dp (52) cleavage planes in the conglomerate

matrix and the interbedded medium grained sandstones. However, in most

places the external transposition of S] into 52 is complete and S] cannot

be identified.

Faults |
/ A steeply dipping, northeast trending fault juxtaposes
tﬁe Irish Limestones to the east and the St. Julien Island Formation to .
the west. The fault isﬁexposed near the south end of the island where
it is‘marked by a 0.6 m thick zone of vein quartz. The DA ﬁprighf

cleavage is developed in the fault zone thus the fault was a pre DA event,

probably related to the D, deformation.

DISCUSSION

The emplacement deformation resulted in a number of

distinct but probably related events:

(1) the formation of the major detachment thrust of
the various allochthonous s]icés;

(2) the production of mélange zones;

) .
(3) the internal deformation of the slices, deformation

of the mélange zones, deformation of the autochthon, and

the production of the imbricate structure in the autochthon |

at Canada Bay.
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The facing directions of the recumbent folds in the
Maiden Point Slice and in the autochthon, thevdirection of ojérthrusting
in the Canada Bay area, and the stretching lineations locally develbped
below the minor thrusts, all combine to suggest a northwesterly io
northeriy direction of allochthon emplacement.

D POSTrEMPLACEMENT DEFORMATION

A
After the DE deformation and the emplacement of the
allochthon in middle Ordovician times, the entire area was“affected by
another major deformation event termed DAL Folds related to DA trend
northeast and produce the regional structure of the area. Thg,fo]d the
allochthon-autochthon contact (evident in map pattern at Coles Pond and
in Whites Arm Window) and the contacts between the various slices. The

earliér tectonite elements related to DP and DE are crenulated and

partially transposed by the DA effects.

AUTOCHTHON

Minor Structures

In the Goose Tickle Formation west of the Maiden Point Slice
at Big Springs Inlet the Dy folds are open {interlimb angle 90°),
"westerly inclined, Vnortheast-plunging, flexural-slip, folds (Plate 47, fig. a)
with an associated fracture to slaty cleavage that is in most places the
first cleavage iﬁ these rocks. The amplitude of the folds decreases west-

wards where oben anticlines and synckines are developed. Eastwards, into
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the Maiden Point Slice the intensity of DA defbnnation increases and

in the autochthonous rocks exposed through Whites Arm Window, the D,

folds are tighter (interlimb ang]e'ﬁ“ioo) and more upright than folds

of the same aée developed onﬁy 4.8 km to the west at Big Springs Inlet. »

At Whites Arm the associated axial p]ane'fapric js-crenu]a;ion 52

c]eévage in the mélange zone,in the Goose Tickle Formation, but in the
‘~\;T351é Head Formation is a first phase slaty cleavage.

Southwards along the Qéstérn margin.of the Maiden Point

Slice, DAwééids aréfwell exposed at Coles Pond Qhere the a]]ochthoﬁ;
autoghthon boundary is folded around northeast-piunging apen folds. In
the Canada Bay-area DA folds are common, especially across the south
shore of Canada Bay. The DA folds are well-developed in.the Goose Tickle

4

Formation east of Englee and westlof Canada Harbour (Plate 47, fig. b)
and are upright to moderately-inclined, noitheast—trendihg,simi]an
folds. They fold the De (S]) slaty cleavage,and a superimposed S, crenuTation
cleavage is developed making these folds second phase structures. At Burnt
Point a DE fold in the Table Head Formation is ré¥o]dedby an upright DA (F2)
structure (Plate 48, fig. ‘a). Elsewhere in the Table Head Format%on DA
fold c165ures are rare and of small amplitude (0.5 - 1 m).

In the Sugarloaf Schists Dp folds are common. Here the folds
are tighter (interlimb angle 20-40%) and more inclined than the D, folds
at Canada Bay. The folds are asymmetrical with a sense of vergence thét

indicates an antiform to the west (see Plate 48, fig. b). Facing directions

are rare and were only determined from the gritty psammite that outcrops
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midway across the cove where the Dy folds face up to the sb‘uthwest on
the 52 ‘cleavage.

The 'DA folds in the Sugarloaf Schists are clearly second
phase structures (F2) since the earlier schistosity (S]) is visibly
preserved between the 52 cleavage planes (gee Plate 13, fig. a). Marb]e
beds are drawn apart: oﬁ the limbsof the F2 folds into boudins and the
boudinage axis and fold axis are parallel and trend northeast. .

In the Sugarloaf Slide Zone the D) folds are tighter and
of smaller amplitude (0.3 m) and less common than in the overlying
schists. The tectonic fabric (S]) of the s1ide zone 1§ generally arranged
subparallel to 52 and is locally indistinguishable from it. In the

phyllonitized gneiss small kink-style F2 folds are developed (see Hlate 15,

fig. a).

MAIDEN POINT SLICE ‘ ‘ L 4

The DA deformation produced upright to inclined folds
in the Maiden Point Slice. In places, espécia]]y }in the northeast -of the
‘area at Hare Bay these are .first phase folds but elsewhere the folds fold
an earlier slaty cleavage (the emplacement (DE) fabric) and are second
phase folds (F2). Northeast trending‘ minor DA folds are especially well
exposed along \'the south shore of Hare Bay where they are open' to close
(interlimb ang]é 60-80°) similar folgg (Plate 49, fig. a). The folds

generally plunge moderately northeastwards but reversals due to fold

culminations do occur. The folds are steeply inclined and locally have




-
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slightly overturned western limbs, for example at the western shore of
Whites Arm Pond. The persistent sense of vergence shows an antiform
to the we‘st but major fold closures could not be determined on account
of lack of marker horizons and extensive late faulting. At Hare Bay
the Maiden Point Formation faces upwards on the DA cleavage even when
this cleavage is demonstrably a second phase crenulation cleavage.

At the north shore of Whites Arm the DA folds vmb]y
fold the me]ange and overlying Maiden Pomt sandstones (Plate 49, fig. b).
Southwards around Croque the DA folds refold the DE recumbent F] folds and
an 52 crenu]atmn cleavage is developed in the slates and a fracture
cleavage, in the sandstones. From Conche to Englee the DA 'fo}ds are' second
phase structures (F ) and fold the DE slaty cieaVage .DownWard facing'DA'

folds -occur 3 km north of Hillier Harbour but e]sewhere the D folds are

’
!

generally upward facing. However, south of Canada Head.downwar@-facmg

DA folds are léreally extensive indicéting 'the presence of major Dé
recumbent folds. At Canada Head theADA folds are steeply-inclined to the '
west (dip of axial plane 60-740) but soqthwafds the folds become moderately
"to gently inclined but still maintain northeast trends.

>

Fabric

The nature of the DA fabric is dépendent on 1ithology and

ol s

on the presence or absence of the earlier DE fabri‘c. Where DE produced

a penetrative slaty cleavage (S]) the Dp cleavage is a crenulation cleavage

(32) (see Plate 50, fig. a). -The S; fabric is preserved at .the-'fold hinges




betwgen the 52 planes but on the fold 1imbs S] is completely transposed
into 52 It is common to find that the Dy fabric is a 52 crenulation
cleavaée in the slate horizons but is a closely spacea fracture cleavage
or a weak slaty cleavage in the greywackes and volcanic rocks where

the DE~ fabric is absent.l Locally in the greywackes where DE fabric was
a penetrative cleavage, this cleavage }has been modified by the DA folds
and now consists of a dimensional preferred orientation of the detrital
material that is crenulated by the D, fabric (52), for examplﬁﬂat Cow

Point, east of Englee and Canada Head. ¢

CROQUE HEAD SLICE

DA folds are well-developed in the Cl"o_quel Head Slice.

They are upright, close (interlimb ang]e‘ 60-650),simi]ar, folds and fold

a strong S] slaty cleavage and are thus second phése structures (Plate 50,
fig. b). Fold culminations are common south of Croque Head and the folds
plunge éent]y to moderatély northeast and southwest. The folds show a
cons'tant sense of vergence that indicates an anticline to the west and
are upward facing on the 52 cleavage. However west 'of Black Island the

F. folds are locally downward facing. The axial plane of the F2 folds is

2
upright or dips ‘steepTy to the east and north of Rets Point dips 80° to
'the west. '

The contact between the Croque Head Slice and its basa]l
meﬁange is exposed at Rets Point and in"several exposures along the east

~side of Irish Bay and at Fhe north side of Cobblers Cove. At all localities

the contact is folded by the upright DA folds (See Plate 32, fig. a).




The DE S] cleavage is a penetrative fabric in the grey-
wackes and slates of the Croque Head Slice. Consequently the DA
crenulation cleavage 52 is  well - aeveloped. Commonly there is a
dimensional preferrgd orientation of the detrital material in the S]

: p]ane (Plate 51, fig. a) and locally the deformation was sufficiently
intense to destroy the clastic texture in the greywackes to convert- the
rocks to semi-schists.

ST. JULIEN ISLAND SLICE

Minor Structures

Minor upright DA folds are common in the Irish Limestone

but are rare in the St. Julien Island Formation. The contact between
the St. Julien Island Slice and its basé] me/lange_is folded around the
south end of the island by a northeast p]ung;'ng(FZ) syncline. In the
Irish Limestone the DA fo]ds‘ are best exposed at the northwest side of
the island wrlere they are close to open (interlimb angle 60-750), upright,
similar, folds (see Plate 24, fig. a). The folds are upward facing on
" the 52 cleavage. |

In the St. Julien Island Formation on Black Island the
DA folds are upward-facing and asymmetrical indicating an anticline to
the west (see Plate 51, fig. b). On St. Julien Island the BA folds are

1] R
nearly symmetrical and are also upward-facing. '




In the Irish Limestone the S2 fabric is generally a

closely spaced fracture cleavage, but is a crenulation cleavage in the

interbedded greenschists.

A striking feature of the St. Julien Island conglomerate s

’

is the strong preferred orientation of the long axis of the clasts in
the plane of the DA (52) cleavage (Plate 52, fig. a). The cleavage forms
augen around the clasts and,in some cases,cleaves them. The clasts record
a'variety of shapes that appear to be dependent primarily on lithology.
The granite, quartz, and rhyolite,clasts are deformed the least and are oval-l
shaped with an average XYZ ratio of 1:1.5:1.8. The sandstone and shale
clasts are much more deformed and are_disc-shaped with an average XYZ
ratio of 1:3:5.2. Some of the sandstone and shale fragments are so .
flattened that they no longer resemble clastic pebb{es. This may, however,
be partially due to initial shapes, whereby some of the clasts were
or{éinally angular slabs.

Rare quartzite clasts lie athwart .the cleavage and show
no signs of f]atteniag. The deformation of the conglomerate appears to
have been accompanied first by rotation,whereby the long axes of the
c]asts-]ie in the 52 plane, and second by flattening. The amount to which

the various clasts deformed appear to have been controlled by the ductility

contrast between clast and matrix.




WHITE HILLS SLICE

Minor Structures :

Minor, open, northeast-trending,DA fo]ds'are developed

in the Goose Cove Formation e;posed on Fishot Island and south of Croqug\_udﬁ

Head. These folds refold the pre-emplacement (DP) recumbent folds that
are second phase structures, so that the DA folds in the Goose (ove
Formation are third phas? structures (F3).

The contact between the Goose Cove Formation and its
basal mélange is folded into a steeply dipping position by(fhe DA folds
(see Plate 52, fig. b). Open, uprightifinﬁ]an folds of small amplitude
(1 - 2 m) are developed across the Fishot Islands. The folds generally
plunge moderately northeast@ards but on the north shore of Easter\Tickle
they plunge southwest. Refolded recumbent F2 folds in the greenschists

~are exposed at the north and south side of the western entrance to
Fishot Harbour (Plate 53, fig. a) and in the amphiﬁolites at the north
and south shores of Easter Tickle in interbedded marbles (see Plate 53,
fig. b and Plate 30, fig. a). The F3 folds show a constant sense of
vergence that indicates an thiform up to”the west.

Noftheast trending-shear zones, from 0.3 to.1.2 m wide,
are locally developed at the Fishot Islands. The F3 folds are especially
well developed in the shear zo&es and are tighter and of greater amplitude
than the F3 folds in the surrounding schists. The variation in style is
sharp and occurs at the shear zone- margins (Plate 54). Brown stained
carbonate veins that surround brecciated angular particles of schist

* are extensively developed in the shear zones.
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The small area of the Goose Cove formation exposed south
of Croque Head is extensively brecciated. The brecciation post-dates
the 52 schistosity and is folded by open upright F3 folds. The formation

of-breccia may have been produced during emplacement of the allochthon.

Fabric

A weak crenulation cleavage (53) that is axial planar to

the F. folds is locally developed. In thin section single amphibole

3
crystals are kinked but there is no assqociated progressive metamorphic

growth (See Chapter VII).

MAJOR DA STRUCTURES

Iq the east and south of the area the minor DA folds ére
synmmetrical, upright ﬁo slight]y inclined, but become asymmetrical,
moderately inc1™ned, and more open in the west. The style of the major
folds mirror that of the minor folds.

A éjjor northeast-trending, gent]y-p]unging,DA anticline
occurs in the autochthon.at Big and Little Springs Inlet. The fold is
inclined towards the west and its western 1imb_is faulted {see Fig. 3,

. section A:B). The fold repeats the Maiden Point Slice on its western 1imb
at Indre Point. In the autochthon south of Canada Bay, the major anticlines

and synclines are more upright and of smaller wavelength. At Burnt Point,

the Table Head Formation is exposed in the crest of a major DA anticline,
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It has not been possible to outline the major folds
within the Maiden Point Slice on accolnt of the Tack of marker horizons.‘ /,;>
Howejgr, the base of the slice is an easily mapped contact and dé]ineates
a major anticline exposed across Whites Arm Window. 'Tﬁis major. fold is
asymmetrical with a slightly overturned western 1imb and a moderately
dipping eastern 1imb (see Fig. 3, section C-D).

The minor D, folds in the Croque Head, St. Julien Island,
and Fishot Islands slices all show a constant sense of vergence that
indicates thesé slices lie on the western limb of an upward facing synform.
The base of the St. Julien Is]anﬂ Slice is folded around the south end of
the island clearly indicating the northeast p]ungind, synclinal form of

the major fold.

CONCLUSIONS ‘

The DA deformation affected the entire area and was a
major period of folding. The deformation is most intense in the east of
the area where the folds are upright, nearly symmetrical, similar folds.
Westwards the intensity of deformation'decreases and the folds become
more open, asymmetrical and inclined to overturned towards the west and-
locally, at Hare Bay, are assdtﬁated with high angle réverée faults.

This variation in style and decrease in intensity of deformation westwards
accords with that expected from a seftion across an orogen from its central

region ﬁo the platformal margin and reflects a variation in the attitude of

“the p;incipal deforming stresses (Wilson, 1961).

»

~




LATE MINOR STRUCTURES

Late minor structures that post-date the DA deformation
" are sporadically developed in the eastern parts of the area‘and consist
of gentle folds and kink bands.

Northeast-trending minor folds are locally developed in
the Sugarloaf Schists and Maiden Point Forﬁation around Sugarloaf Cove.

The folds are open to gentle (interlimb angle ]00-125°L upright,and are

developed on the inclined 1imbs of‘the Dp folds. At Sugarloaf Point a

1.2 m thick diabase dyke, that intrudes the Maiden Point formation post-
tectonically with respect to DA’ is folded by late upright minor folds,

that are weak to absent in the bounding greywackes. An associated fracture
cleavage is developed in the dyke but elsewhere no fabric was seen

associated with the minor folds. Late northeast aﬁd sbuth-southeést trending
minor folds are developed in the St. Julien Island Formation that warp the

Dy cleavage. ,
Reverse kink bands (Dewey, 1965) are locally developed in
the northeast of the area. They show a variéty of trends but most are
steeply-dipping. The kink bands show no apparent spatial relationship to

‘the minor folds of the area and are considered to represent a discrete late

phases of deformation.

LATE FAULTS

Numerous high angle northeast trending faults cut the

allochthonous rocks and post-date the DA folding.




>
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The Wild Cove Fault (Betz, 1939) is the only major late

fracture in the area and appears to be related to the horsting of the

Long Range Complex. At Wild Cove the fault throws the Long Range Complex
and the overlying Bradore and the Devils Cove Formations against the Goose

Tickle Formation.. There, the fault consists of two branches, and the

'eastern branch s exposed at the east side of the cove whe® it is marked

by 0.6 m of steeply dipping mylonitized marble (see Plate 7, fig. a).
Southwards towards White Bay the fault cuts out the autochthonous‘sequence
that is exposed on the coast of Canada Bay between Wild Cove and Burnt
Point. At White Bay the fault juxtqposes the thrusted block of Acid and
Basic Gneiss to the east, against microgranite and the underlying Bradore
Formatioq qnd Long Range Complex to the west. The fault plane is marked
by an inaccessible, sub-vertical gully.

The uplift of the Long Range Complex likely occurred over
a long period of time. The evidence from the Wild Cove Fault suggests

final movements occurred in post-Acadian (Devonian) times.




CHAPTER VII

METAMORPHI SM
~

The 1ithological and structural contrast between the
White Hills Slice and the lower, dominantly sedimentary, slices is
further emﬁhasized by their different metamorphic-histories. The Goose
Cove Formation records pre-emplacement metamorphism up to pyroxene-
amphibolite grade,'whiISt the rocks of thé lower slices record syn-
emplacement,]ow-gréenschist,metamorphism. Little or no progressive
metamorphisp gccompanied the post-emp]acement Acadian deformation (DA).

‘ The relationship between the growth of metamorphic

minerals-and the various structural events (DP, DE’ DA) has been
?]ucidatéd using microtextural methods.- Microtextures present in the

rocks have been used as "time markers" in determining the growth

history of the metamorphic minerals.

PRE -EMPLACEMENT METAMORPHI§M

Metamorphism related to the pre-emplacement deformations
(Dp], DP2) only affected the basal part of the White Hills Slice - the

Goose Cove Formation. In the greenschist member of this formation the

.
~

the amphibolite member it was pre- to syn-tectonic with respect to the

DP2 deformation. The metamorphic growth history of the formation is

summarized in Fig. 19,
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D,, Syntectonic Growth

Pl
Syn-tectonic growth with respect to Db] was non-porphyroblastic.

In the greenschist member it led to the development of fine-grained
tremolite-actinolite, chlorite and epidote,defining the S] schistosity
(see Plate 38, fig. b) and accompanying growth of plagioclase (An8_12).
In the psammite and semi-pe]jte $1 is defined by muscovite.‘

| In the amphibolite member the S] schistosity is defined
by a dimensional parallelism of fiqg to medium-grained harnblende. Syn-
tectonic bi;tite océurs as oriented inclusions in garnet and plagioclase
porphyrqb]asts (Plate 55, fig. a) that are post-kinematic with respect
to DP]' Garnets rarely have small S-shaped inclusion trails in the cores
of porphyroblasts inditating growth may have initiated syn-tectonically

with DP]' Magnetite is developed in small rods oriented in the S] planes.

DP] Post-tectonic Growth

-
1

Post-tectonic crystallization with respect to the first \
deformation is of minor importance in the greenéchists but is extensive in b

the amphibolites. In the greenschists it is marked by rare, randomly
oriented,crysta]s of tremolite-actinolite and epidote that overgrew the
S, fabric. Small post-tectonic garnets grew in the slide zone near the

1

base of the formation.
)

In the amphibolites DP] post-tectonic crystallization is
marked by porphyroblastic growth of garnet and plagioclase (An36_40).

Some of the garnets overgrew and include the S, fabric (Plate 55, fig. b)

,
L

LY
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and o:: crystal with an included helicitic fol¥ of dpaques was noted ,
(Pjate 56, fig. a). The aligned opaques €ither represent bedding or else
an\€a<jy tectonic fabric that pre-dated the Dpy event. However, no oﬁher
evidencd was found to substantiate a pre-Dp, event in the Goose Cove
Formationabn Fishot Islands. Commonly the inclusions in the garnets are
arranged 1ﬂ'a number’of concentric rims that mimic the Pexagona] shape of
the porphyroblasts (Plate 56, fig. b). This inclusion pattefn is believed
to be the result of Faﬁid post-tectonic growth that engulfed impurities
concentrated at the advancing grain boundaries.

The plagioclase porphyroblasts are generally inclusion free

but, in a few places, they contain both oriented and unoriented ‘biotite flakes.

DP2 Syntectonic Growth

°

DP2 syn-tectonic Qrowth is Festricted,in the greenéchﬁsts

to the psammite and semi-pelitic rocks where oriented chlorite and

muscbvite define the 52 schistosity. .Towards the contact with the amphibolite
member minor syntectonic growth of tremolite-actinolite and epidote is
developed. In the amph{bolités a strong dimensioﬁa] para{]e]ism of biotite

in the pelittc rocks and of hornblende in mafic rocks defines the 52
schistosity. The S2 schistoii;y forms augen around the garnet and plagioclase
porphyroblasts (see Plate 56, fig: b) and, in rare cases,gifﬁ€{~;Hows narrow
overgroch zones which containacufved inclusion trails in the Dpzsyn—tectonic

portions. Quartz shows almost complete regrowth in dimensionally oriented

crystals.
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The schists in the contact zone exhibit a strong to
moderate 52 fabric, defined by aligned pyroxene and deep brown hornblende,
and p]agioc]asé (An40) crystals,(Plate 57, fig. a). There is no preserved

regnant of the S] fabric.

DP2 Post-Tectonic Growth

Post-tectonic érysta]]ization effects with respect to DP2

deformation are weak and are characterized by annealing of feldspar in the
'contact zone, annea]1ng of quartz throughout the formation and by restricted
growth of unor1entgd muscovite in the psammites. The muscovite overgrows the
52 fabric and represents stati¢ growth after the DP2 deformation. In the:
contact zone, rare unoriented hérnb]ende grew across LQS,é; schistosity.
Sphene overgrows 52 in both the greenschist and amphibolite members. | .
Late post-tectonic sericitization and saussuritization of
feldspar, chloritization of biotite, and retrogression of hornb]é‘he and
pyroxene is w1despread but not strong]y deve]oped except 10ca11y in the
contact zone. Part of th1s retrograde metamorphism may have accompanied

the post-emplacemert d€formation (DA) and is described later.

Discussion
The Goose Cove Formation records an increase in metamorphic
grade, in grain size, and in the development of new minerals toward the

contact with the ultramafic sheet during DP metamorphfsm.' Whilst temperature

is a dominant and obvious control, the role of strain is also important as
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witnessed by the strong tectonic fabric of the schists. Deformation
‘and heating have combined to produce the high grade dynamothermal aureole,

C Increase in the grade of metamprphisrp from the stru::tura] ‘
base to the top of the formation is witnessed by an increase in the An
content of plagioclase frorﬁ An8 to An40, a change from tremolite-actinolite
through gfeen hbrnblende to brown hornb]en'de, and by the appearance of
augite, and these changes are summarized diagrammatically in Fig.20.

The metamorphic assemblage of the basic schists inthe greenschist

member, nar_ne]y,,chlorite-a]bite—epidote-muscovite-tremo‘lite-actino]ite, is

P
characteristic of the qgreenschist facies of regional me tamorphism.

The typical assemblages of the amphibol,te member are:
green hornblende~plagioclase (An36-38) for mafic rocks, and quartz-biotite-
garnet-pldgioclase (An36-38) for pelitic rocks. These are typical assemblages
of the amphibolite facié; of regional metamorphism. /‘
» The assemblage hornblende-plagioclase (An38_40)-augite of
the contact zone is absenrt from the hornblende-hornfels or pyroxene-hornfels
facies bu} occurs in the transition between the amphibolite and the granulite

facies. It shou(d be emphasized here that the rocks of the contact zone do

not show any hornfels textures and the term hornfels is inapplicable.

Dp SYN-EMPLACEMENT METAMORPHI SM

Low-grade regionql metamorphism accomPpanied the emplacement
deformation (DE) and affected the lower sedimentary slices, the intervening

me”%zo'nes and the upper part of the autochthon (see Plate 57, fig. b).

’
.

l"‘/
/
!
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Most of the rocks have reached chlorite grade and typical assemblages are:

[. Pelitic rocks and grewwacke matrix:
sericite-chlorite-quartz.
II. Mafic rocks (Volcanics and Tuffs):

chlorite-sericite-epidote-opaques-quartz.

(

In the Sugarloaf Schists pale brown biotite is locally
developed and the assemblage consists of sericite-biotite-epidote-quartz.

~

DA POST-EMPLACEMENT METAMORPHISM

Little or no metamorphic growth of new minerals accompanied

the post-emplacement D, deformation, which was mainly a folding event.

A
In the Goose Cove Formation shearing, with associated cold
working of the schists is locally developed. Quartz recrystallization
accompanied DA since quartz is not strained in the hinge zones of the DA
folds. 1In thé amphibolite member local kinking of hornblende crystals is
developed. Since the DA (53) crenulation cleavage is only locally developed
it is difficﬁlt to determine how much of the retrograde metamorphism of
the Goose Cove Formation is related to this deformation.
In the lower sedimentary slices and Ain the autochthonous
rocks the DA deformation caused recrystallization of quartz but only in

4

the east of the area in th_e St. Julien Island Formation was there minor

growth of sericite along the DA (52) crenulation cleavage planes.
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POST Dy THERMAL METAMORPHISM I
-~ 4 ) .

A late local period of Tow to medium grade thermal
metamorphi_sm affected a restricted area of-allochthonous and autochthonous
- rocks from,'Canada Head soythwards to Sugarleaf Cove. It produced a
variety of porphyrob1as£s that overgrew and include the Dp crenulation
cleavage (S;) and clearly post-date the Dp deformation.

The grade of metamorphism increases ;outhwards from Canad}
Head and within the Maiden Point Formation chlorite and biotite zones
can be recognized. The biotite zone continuesdsouth into the Sugarloaf
Schists and the Sugarloaf S1ide Zone. The Acid and Basic Gneisses also
record growth of unoriented micas but the growth phase cannot be
accurately dated as these rocks are unaffected by fhe Dp deformation.
Zone of Chlorite

N

Chlorite porphyroblasts are developed locally in the Miaden

Point Formation from Twillingate Cove north to Canada Head. Poor sampling
from inland exposures does not permit accurate delineation of the zone
boundary inland but it appears to run northwest to Wild Cove Pond.

Chlorite is best developed on a small island at the north entrance
to Twillingate Cove where ovoid porphyroblasts up to 2 mm long form a
knotted .texture in slates. The ovoids have their long exes parallel
to the Dy crenulation cleavage (S2) but‘theilr margins clearly overgrow
this fabric (Plate 58, fig. a). Locally the chlorite has nudeated
about quartz and the ovoids have quartz rich cores. At Canada Head,
unoriented chloritoid crysta'l‘s are associated with the chlorite.

Ione of Biotite

Biotite porphyroblasts are developed in the Maiden Point

Formation south of Twillingate Cove, in the Sugarloaf Formation, and in the
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(
Sugarloaf Slide Zone, and define the zone of biotite. The various

rock types r"ecord a variety of assemblages and they will be described

’

separately.

Maiden Point Formation:

The Maiden Point greywackes attain a darker cololr south

of Twillingate Cove due to hornfelsing. Some of the fine-grained beds
exhibit a ba'sic igneous appearance and these may be what Betz recoénized
as volcanic rocks (Betz, 1939, p. 22). Randomly oriented red-brown
biotite flakes are developed in the greywacke matrix and in the slate
horizons. Biotite is as:sociated with quartz, p]agioc]as;e, muscovife
and locally Qith cordterite or andalusite or both. Cordierite and
andalusite are best Heve]oped in slates northeast of Cat Cove. Cordierite
forms oval, spongy, poikiloblastic crystals that exhibit nodular texture
in places (Plate 58, fig. b). Andalusite is less common than cordiérite
and forms radiating laths up to 2 cm long (Plate 59, fig. a). Plagioclase
is cloudy, rar‘ely twinned,and has a composition of Any.
v Sugarloaf Schists:

Hornfelsing df the semi-pe]i:es produced abundant biotite
and minor cordierite, andalusite, tourmaline, tremolite-actinolite and
epidote. The biotite is dom-inanﬂy randomly oriented (Plate 58, fig. a)
but is occasionally mimetic after the Dp (S2) crenulation cleavage.
Locally, biotite.porphyroblasts'are kinked which may >be the result of
the late minor folding developed in this area. -RecrystaHAization of the
quartzite bands has produced an unstrained polygonal mosaic, however, in
some of the’ DA hinge zones a dimensional preferred orientation of quartz
parallel to Dg (Sy) is preserved. Cordierite was only seen at the western

corner of Sugarioaf Cove where it forms inclusion packed ovoids.
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The calc-silicates are characterized by growth of diopside,
tremol.te-actinolite, and epidote. Diopside forms large poikiloblastic
crystals that tend to be arranged with their long axis parallel to Da
(52) fabric but commonly overgrows 52. Small tremolite-actinolite flakes

surround large diopside porphyroblasts and may be the product of degradation.

In the thin ca]c-si]icaté>bands included in the semi-pelites, tremolite-

actinolite is developed instead of diopside and there 1s/no evidence to
suggest that it is secondary. Epidote forms thin veinlets and small
aggregates of grains (see Plate 60, fig. a) and may be‘the result of
retrograde métamorphism. - Carbonate has recrystallized to form a sub-
polygonal mosaic and quartz is generally unstrained although locally it
still shows a dimensional preferred orientation parallel to O (S{).
Sphene was also a result of this event.

In the marb]e.beds rare poikiloblastic diopside crystals are
developedthat contain inclusions of carbonate}‘ The carbonate has
recrystallized tp a sub-polygonal mosaic.

In the mafic schists porphyroblasts of biotite and smaller
grains of actinolite and epidote are developed. These minerals mimic
and overgrow the composite Dy (Sp) fabric (Plate 60, fig. b). ‘

Sugarloaf Slide Zone:

Hornfelsing of the tectonic schists of the Sugarloaf Slide
Zone resulted in growth of diopside, epidote, and sphene in the calc-
silicate bands and of biotite and tremolite-actinolite in the semi-pelitic
bands. Diopside forms poikiloblastic crystals that mimic the 0a (S2)

~ fabric but Tocally overgrow it (Plate 61, fig. a). The quartzo-
feldspathic bands have recr}sta]]ized'to a‘sub-polygona], generally

unstrained, network. In the semi-pelites small flakes of red-brown biotite




clearly overgrow the Dy (S2) crenulation cleavagq. Diopside,-and/or
tremolite-actinolite are developed in the quartzo-feldspathic bands
and overgrow the S, fabric. In one section idocrase was recognized.
Hornfelsing effects on the phyllonitized gneiss and
granite are slight and the fine-grained sericitic groundmass shows
only minor growth of biotite, epidote and chlorite. The biotite mimics
the phyllonite fabric and may in fact be relict micas unaffected by
the Dp deformation. The underlying Acid and Basic Gneisses show no
affects of thermal metamorphism.
The assemblage of the chlorite zone accords to the
albite-epidote-hornfels facies or to low-greenschist facies. The
biotite zone represents higher grade of métamorphism and the 6ccurrence
of cordierite, andalusite and diopside accord with the lowest part of
the horpblence-hornfels facieés (Turner, 1968). This late thermal
metamorphic event was‘possibly produced by an unexposed granite intrusion.
Late Acadian (Devonian) granites are common in the Central Mobile Belt
to the east but are rare in the western.P1atform. The only known occurrences
are at the eastern margin of the Western Platform at Sops Arm at the head

of White Bay. There,late Acadian granites intrude Silurian sediments

(Lock, 1972).




CHAPTER VIII

, CORRELATIONS, SOURCE AREA AND
TECTONIC EVOLUTION OF THE HARE BAY ALLOCHTHON i

In this chaéter the allochthonous rocks are first
correlated with the northern part of the Hare Bay Allochthon and within
this framework the stratigraphic evolution of the allochthonous rocks is
discussed. The Hare Bay Allochthon is then correlated with the other
allochthons found along the wesfern margin of the northern Appalachians.
A possible source area of therHare Bay Allochthon is proposed and,finally,
the tectonic evolution of the allochthon and autochthon is discussed in

terms of an evolving continental margin.

CORRELATIONS WITH THE NORTHERN PART OF THE HARE BAY ALLOCHTHON

The Maiden Point Slice and the White Hills Slice continue
north of Hare Bay and underlie most of the allochthon in that area (Fig. 2).
However, in addition, two areally small slices, the Northwest Arm Slice
(Tuke, 1968; Williams et al., 1973) and the Cape Onion Slice (Williams et
al., 1973) outcrop near the western margin of the allochthon in the north.
The occurrence of slices common to both areas allows direct correlations
and estab]ishmeni of the structural stacking order of the slices for the
entire allochthon for the first time. (See .Fig.21). A brief description
of the two slices represented only in the north and of.the White Hills
Peridotite Sheet,is included, as it is essential that the allochthon be

viewed as a whole when discussing its depositional environments, source

area and tectonic evolution, ,

.
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Northwest Arm Slice

The Northwest Arm S]icé is structurally the lowest slice

of the allochthon and outckops around its western extremity at Hare Bay
and Pistolet Bay (Fig. 2). It directly overlies thé autochthonous Goose
Tickle Formation and this formation is brecciated at the contact.

‘ ’ The Northwest Arm Slice consists of a chaotic and rubbly
~ sequence of black and in,places, green shale, buff-weathered 1imy siltstone,
grey sandséone, green chert, white to grey limestone and limestone breccia
(the Northwest Arm Formation of Cooper, 1937). The beds are everywhere
broken up into angular to subrounded pebbles, boulders, and slabs up to .
9 m Tong that are set in a shaley matrix. The slabs and boulders have their
long axes oriented parallel EB the bedding and thus the attitude of bedding
can be discerned. Rarely, the shales attain a thickness of 60 m without
any clastic interbeds, and here the formation lacks the rubbly appearance.
Limy si]tstohe is the most cﬁhmon and distinctive lithology after shale.
Flat lying, discontinuous, isoc]lga],s]umped folds are.deve]oped but cannot
be traced on account of ihe discontinuity of thé beds. The formation contains

early Ordovician {Tremadocian) graptolites (Tuke, 1968) and the black shale-

graptolite association suggests deposition in deep water.

Cape Onion Slice

The Cape Onion Slice intervenes between the Maiden Point

Slice and the White Hills Slice at Cape Onion Peninsula and possibly at

Lock's Cove. The slice consists of basaltic pillow lava, agglomerate and
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minor slate that are informally referred to as the Cape Onion Volcanics
(Williams et aT., 1973). The slates contain Tremadocian graptolites
(Williams, 1971), crustaceans and braghiopods (Erdtmann, 1971), and are
therefore coeval with the Northwest Arm Formation. However, these
formatibns_must have been deposited in widely separated areas as the
Northwest Arm contains no volcanic rocks. |

-

White Hills Slice

The White Hills Slice outcrops extensively north of Hare

Bay and consists of a sheet of ultramafic rocks, referred to as the White
Hills Peridotite Sheet (Cooper, 1937), under]ain:by a metamorphic aureole
referred to a; the Goose Cove Formation. This, structural unit comprises

the hiéhest slice of the allochthon. The ultramafic rocks occupy the

highest ground in the eastern and western White Hills and are at least

300 m thick with top not seen. A high magnetic anomaly occurs seaward of the
JGoose Cove Formation on Fishot Island which sugges£s the presence of submerged

ultramafic rocks (see Fig. 6).

White Hills Peridotite Sheet:

(This description ig/based on reconnaissanqe work by the

authbr).

The ultramafic rocks consist of .banded harzburgite and
lherzolite, minor duhite and thin garnet-amphibole layers that are restricted
to the base. The contact with the Goose Cove Formation was nowhere observed

and is generally marked by a‘narrow’(0.6 -1.2m) gab %ﬁ-expdéuregw-Tﬁé




ultramafic rocks show a distinct compositional banding which is a function
of the relative amounts of olivine and pyroxene. Numerous thin (2-15 cms)
orthopyroxene bands that are resistant to weathering are most distinct.
The rocks contain a strong L-S tectonic fabric that is
axial planar to rare recumbent folds (Plate 61, fig. b) so that in most

cases the tectonic fabric is arranged pafa]]e] to the primary mineralogical

bands. The tectonic fabric is most intenseiy developed around the periphery ™~

of the sheet and the intensity of its development appears to reflect
proximity to its base.

The orthopyroxenite bands are of two generations. The
.first pre-date the tectonic fabric and are parallel to the other primary
bands. The second are post-tectonic and cross-cut the banding énd the
tectonic fabric (Plate 62, fig. aj.

A cold cataclastic deformation is lTocally developed at
the base of the sheetf It is best observed in the vicinity of Daniels
Lookout, northeast of Ireland§ Bight, where the earlier tectonic fabric

is brecciated and refolded by minor discontinuous flat lying folds.

Petrography - Garnet amphibole layers were only seeﬁ at
the base of a sma]] out]ier of the peridotites east of the Eastern White
Hills. They consist of phenocrysts of olivine and enstatite that are |
augened by fibrous secondary amphibole and small colourless garnets.

The elivine is partially serpentinized and enstatite has.recrysta1lized

to a granuTar texture and shows partial alteration to amphibole at the
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margins of phenocrysts. The amphibole is colourless, biaxial positive,
and j,optically, resembles cummingtonite. It exhibits a strong preferred
orientation that defines the tectonic fabric;

Dunite is only present in significant proportions in the
Eastern White Hills. It occurs near the bage of the sheet along its
northwestern and eastern margins. It consists of almost 100% olivine
Wwith local-grains of enstatite and accessory chrome-spinel. All of the
samples sectioned show approxima}ely 30% serpentinization, with the
serpentine forming a mesh texture.

Harzburgite and Therzolite are the major phases present..

The harzburgite weathers to a medium yellow brown and is contrasted with

rk weathering lherzolite. 1In béth types enstatite occurs as long laths
upXo 5 mm long and 0L8 mm across that are arranged parallel to the tectonic
foliatjon (Plate 62, fig. b). Olivine has recrystallized and shows a rough
dimensional of{Zntation\that tends to form augen around the enstatite
phenocrysts. Augite forms up to 20% of the Therzolites and is present as
equant grains up to 1 mm across. throme—spine]his always present in ,
accessory amounts in both rock types. It tends to be concentrated into L
stringers from 1 - 2 mm long arranged parallel to the foliation.

The orthopyroxenite bands contain uégiiaaO% pyroxene, §

(approximately 60% enstatite, 30% augite), 10% olivine, and accessory

chrome-spinel. Large enstatite crystals stand out on weathered surfaces

and form both laths and equant- grains. s
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Age - The White Hills Peridotite Sheet is petrogrdphically
and 1ithologically similar to the lower part of the Bay of Pslands Igneous
Complex (Cooper, 1936; Smith, 1958), which forés the highest slice of the
Humber Arm Allochthon (Stevens, 1970). The Bay of Islands complex consists
of a complete ophiolite suite (Williams and Malpas, 1972) and,as in the
casé of the White Hills Peridotite Sheet, the peridotites overlie a
metamorphic aureole that is an integral part of the highest s]i;e., The
White Hills Peridotite sheet is correlated with the basal ultramafic part
of the Bay of }s]ands complex and can therefore be viewed as a partial
ophio]ite. T
The agé of the White Hills Peridotite Sheef is unéertain.
Stevens (1970) considered the Tremadocian Cape Onion Volcanics to form the
roof of the White Hi]ls>0phiolite suite. However, it is now known that
the vo]capic rocks constitute a separate slice that is overlain by
amphibolites of the'white Hills Slice (Ni11iam§ et al., 1973). Thus the
stratidraphic relationship of the volcanic rocks to the peridotites is
uﬁcertain. | . -

.A Ophiolites have recently been recbgnized*en the Burlington
Peninsyla at Baie Verte (Bird et al., 1971), Mings Bight (Dé:ey and Bird,
1971) and Smooks Arm (Upadhyay et al., 1971). The lattersis of lower
Ordovician age (Arenig), (Snelgrove, 1931) and .a similar or slightly older
age for tHe White Hi]]s Pehidqtite~$@get has been suggested (Stevens et

al., 1969). -/
A characpzrist{c feature of many ophiolites is that a_

A . . ' k)
relatively short time elapsed between extrusion of the basalt cap and

f

’
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thrust emplacement (Reinhardt, 1969; Moores and Vine, 1971; Smith, 1971;
Miﬁsom, 1973). If the Cape Onion Volcanics are taken as the top of ihe
White Hills Ophiolite then the time interval between formation of the
basalts and thrust emplacement is in the order of 30 to 50 m.y. A similar

time interval elapsed between formation and thrusting of the Papuan

Ultramafic.Belt (Davis and Smith, 1971).

Discussion
. The complete Hare Bay A]]ochfhon consists of six distinct
thrust slices (Fig.21) that are,in most places, separated from each other
.by mélange zones. There is no continuous vertical succession showing all
//six'ﬁlices and the stacking order was built up from ré]ationships through-
outffhe allochthon. The relative position of the Cape Onion Slice to the'
St. Julien Island Slice is not ségn. Both rest on slices of ihe Maiden
Point fonmation (either the Maiden Point or Croque Head Slice)-and the
Cape Onion Slice is overlain by the White Hills Slice. It will be argued
on paleogeographic grounds thaf the St. Julien Island Slice is the lower
as. shown in Fig.21(c). The succession ofks1ices therefore, from lowest
to highest,is as follows: Northﬁe$t:ﬂfm, Maiden Point, Croque Head,

St. Julien Island, Cape Onion and White Hills.




STRATIGRAPHIC RECONSTRUCTION OF THE ENTIRE HARE BAY ALLOCHTHON

Iﬁtroduction
A11 of the sediments in the Hare Bay Allochthon are

considered to have been deposited in relatively deep water by turbidity
currents and,with the exception of the St. Julien Island conglbmerates,_
were derived from the west from the Grenville basement or from the over-
lying shallow water clastics and carbonates. The St. Julien Island
conglomerates were derived from a different sourﬁe, most likely from an
island arc, within the geosynclinal depositional environmentf The volcanic
rocks of the higher slices (Cape Onion Volcanics and the Goose Cove
Formation) formed well within the geosyncline, generally out of reach of
clastic detritus. The White Hills Peridotite Sheet coésists of mantle
peridotite and must have formed in énvftganic domain t%at Tay farther FO,K
£}he east, ' . | :

These more or less contemporaneous rocké units are now
found 1in 5 vertical seddence with tectonic céntacts ang cannot represent
?ﬂnormal stratigraphic successioﬁ. A;key t? un@erstqndf#g the.stratigrapﬁy
éomes from thé constant stackipg order of the s]ices; their contrasting
facies, and contrasting pré-emp]acement strﬁctura]_séy]e. A1l combine to
suggest that the slices grﬁginated in separate areas and that the higher
s]ihgé formed farther from the con}inenta] ﬁargin and are the fargyest
traQe]led. A simple palinspastic restoration o} the slices can thus be

made by placing them in lateral order away from a continental margin

(see ng. 21, d).
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, This interpretation of the allochthnous rocks 1is valid
~only if it explains the facies variations, depositional environments,
relative ages of the slices, and their pre and syn-emplacement structural

and metamorphig, development. .

-

Discussion

In the scheme proposed the Northwest Arm Slice be1n‘g the
lowest tectonic slice of the &llochthon must have formed closest to the
continental margin. It is coeval with the authochthonous St. George
Formation but yet contains sparse carbonate detrifus. This suggests
either'deposition distal from the shelf or the présence of a physical
barrijer at the shelf e'dée that prevented eas.tward spreading of lime detritus.
Tﬁe Maidén Point Slice cdnsfsts of ma’fi,c volcanic rocks
near the base overlain by- a thick monotonous greywacke and peb-ble
c;)nglomerate sequence (Maiden Point Formation) derived from the Grenville
basement to the'west. The Maiden Point Formation must have been deposited
prior to the Tremadocian Northwest Arm Formation, which, on palinspastic

.restoration, lay cloSer to the continental platform but contains no

-
.

coarse clastic detritus.
The Croque Head Slice contai‘ns finer grained and thinner

bedded greywackes than those of the Maiden Point Slice, which suggests that

they re?resent a more distal (eastwards_?) facies of the Maiden Point

Foma:fg)n.

If the palinspastic restoration is correct, the rocks of

the St. Julien Island Slice formed east of the Maiden Point Formation.
~
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The thin quartzite at the base of the Irish Limestone may
represent ‘the top of the Maiden Point Formation and mark the transition
from eastward spreading sand to carbonate detrifus}. The Irish Limestone
contains a high sand content and is 1ithologically distinct from the
shaley Northwest Arm For‘m_ation and hence was probably deposited prior
to the—establishment of the black shale environment that lay closer to
the continental margin. On this reasoning the Irish Limestone is of
pre-Tremadocian asge.

The St. Julien Island Formation contains volcano-plutonic
'detritus Atha't was derived from within‘the geos’ynch'ne. This
represents the first major change in the direction of sedimen_t transport,
which was rfélated, to a major tectonic event. No sucH detritus was found
in any of the other formations, which suggests ihat the Stv. Julien Island
conglomerate may be younger than them and may be of post Tremadocian age.

The Cape Onion Valéanics were considered (Stevens, 1970)
to form the upper part of the Nhitée_z Hills Ophiol'ite But it is now knov)n
that they constitute a separate s¥ice that is overridden by the White
Hills Slice. If the stacking order of the slices reflects their
geographic 1ocatibn§ prior to.slice emplacement, the Cape Onion
Volcanics should have__.formecf'closer to the continent :chan the rocks of
the White Hills SH.Cé-. “HoWever, there is no continent-derived detritus
in the Cape Onion Volcanics as in the Goose Cove Formation of the higheslt

slice. It is possible that the Cape Onion Volcanics are oceanic

volcanics and formed the basaltic carapace of the White Hills
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Ophiolite Suite, but during transport were dislodged and later overridden
by the dismembered ophiolite. . An alternative possibility is that the
volcanic rocks formed in an island arc environment that lay between the
continent and the site of ophiolite obduction. Chemical ana]_yses of the
Cape _Onion Volcanics should provide valuable information onh their origin. '

The White Hills Slice is the highest slice of the allochthon
and therefore should have originated farthest from thé stable p1at1;'o;-in.
The upper bart of _the slice consists of a partial ophiolite (the White
Hills Peridotite Sheét) and the interpretation of ophiolite suites as slabs
of on land oceanic-crust and mantle is now almost universally accep_ted
(Bailey et al., .1970; Church, 1972; Co]epan_, 1971; Davies and Smith, 1971;
Dewey and Bird,1970, 1971; Moores, 1970; Moores and MacGregor, 1972; '
Reinhart, 1969; Stevens, 1970; Smith, 1971; Upadhyay et al., 1971;
Zimmerman, 1972). This implies that an 6ceam’c domain lay east of the
stable platform and of ?he depositional sites of the lower structural slices.

The Tlower part of the White Hills Slice, the Goose Cove
Formation, is welded to the base of‘the peridotite shee,t'. Thé" intensity
of deformation and grade df metamorphism decreases away fronll’the peridotite
contact and is therefore probably related to obduction and earliest transport
of 'hot' 6ph1‘oh’te over the supracrustal rocks. The supracrustal rocks, the
greywackes, agglomerates, pillow lavas and marbles, must have lain west.
of the site of ophiolite obductiop. The association of greywackes inter-
bedded with mafic volcanic rocks is atybiéa'l of oceanic crust,which suggests

that the ophiolite obducted onto sediments and volcanics that formed at or

near the margin of the proto-ocean.
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Figure 22,a sumarizes the approximate stratigraphic
ranges of the rocks of each slice. The only definite lithostratigraphic
correlations that can be made are between the Maiden Point ‘and Croque

Head Slices.

CORRELATION OF THE HARE BAY ALLOCHTHON WITH THE "TACONIC" ALLOCHTHONS
OF THE NORTHERN APPALACHIANS.

The Hare Bay Aﬁochthon canr be correlated directly with
the other "Taconic" allochthons that occur in a similar tectonic position
along the western margin of the Appalachian orogen ,(Fig. 7). Each
allochthon is characterized by a pile of tectonic slices with the Tower
slices consisting dominantfy of sedimentary rocks and the upper slices
consisti‘ng of varied assemblages of metése&fmentary metavolcanic and

plutonic rocks.. Restored stratigraphic sections for each allochthon

showing possible lithostratigraphic correlations are given in Fig.22 .

Humber Arm Allochthon

The Humber Arm Allochthon consists of five major tectonic .
slices (Hﬂh’ams et al., 1972; Williams, in press) The Tower slice is
a composite structura] unit of a number of undefined slices that contam a
clastic sed1mentary succession of Cambrian to lower Ordovician age referred®
to as the Humber Arm Supergroup. Stevens (1970) subdivided the Humber Arm
Superéroup into a basal quartzo-fe]dspathicvf]ysch divi’sion (Summerside,

Meadows and Irishtown Formations); a middle carbonate flysch division

(Cooks Brook and Middle Arm Point Formations), and an upper quartzo-feldspathic
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flysch division (Blow Me Down Brobk Formation). The. basal flysch division
is correlated with the -Maiden Point Formation, the carbonate f]ysch is

probab]y equivalent to the Irish 1imestone and Northwest Arm Formation and
the ‘'upper flysch appears to be a fine-grained equivalent of the St. Julien

Is]andeformation The upper flysch was a1so der1ved from a volcano-

p1uton1c sourcg within the geosyncline but contains, in add1t1on, ophiolite

detritus (Stevens, 1970). Locally intervening between the clastic
sedimentary rockg and the highest slice in the Humber Arm Allochthon are.
three slices of variably deformed volcano-plutonic rocks (Williams et al.,
1972) that are not represented ih'the Hafe Bay Allochthon. The highest
slice consists of a compiete ophiolite suite referred to as the Bay of

Islands Cohblex (Smith, 1958; Williams and Malpas, 1972) with a basal

‘ metamorphic aureole of supracrustal rocks that are Tithologically,

petrographically,and structurally, similar to the Goose Cove Formation.

Taconic Allochthon of New York

The classic Taconic Allochthon of New England and New York’

contains at least six tectonic sl1ces (Zeh 1967; 1972a). ‘The lower five

‘slices compr1se a clastic sed1mentary sequence of Cambr1an to middle

‘Ordovician age referred to as "the low Taconic Sequence" (Zen, 1967). This

sequence is directly comparable to the sedimentary successions in the

Newfoundland Allochthons. . In particular, the basal Rensselaer Formation

alk, 1953) can be correlated with the Maiden Point Formation. The highest

slice of the Taconic Allochthon consists of black, grey and green phyllites -

~
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and schists - the "High Taconic Sequence” (Zen,'196Z), which contrasts
with the slabs of ophiolite found in the highest slices of the
Newfoundland Allochthons. Zen (1972b) recogn(ied a sequence of tectonic
events in the Taconic Allochthon that are comparable to ‘these described
from the Hare Bay area. The first event resulted in the formation of
grévity s]ides;- The second event resulted in recumbent folds and low
. grade regioné] mefamorphjsm and accompanied or immediately followed slice
emplacement. These early folds Qere later refolded by upright to inclined
folds assigned to the Acadian. However, a notable difference is the '
absence of pre-emplacement structures in the Taconic Allochthon that are

characteristic of the higher slices of the Newfoundland Allochthons.

Quebec City and Gaspe Allochthons

The Quebec City and Gaspe Allochthons are imperfectly
knbwn. It appears that they consist of lower, dominantly sedimentary
slices (Sillery Group and QueSec Group) with the higher slices containing
metasediments, meta-volcanics (Bennet Schiéts andS;hickshock Group), and
ophiolite suftes referred to as the Thetford Mines Ophiolite (St. Julien,
1973; Laurent, 1973) and the Mount Albert P]utoh (MacGregor, 1962)l The

/

Mount Albert Pluton has a metamo%phic aureole of metavolcanic rocks and

minor metasediments welded to its base. K-Ar ages from metamorphic mica

in the aureole gives an early Ordovician age (MacGregor, 1962). In a

recent paper Carrara and Fyson (1@73) doubt the allochthonous nature of

these rocks in the Gaspe area, but the clear analogy between the Mount

2




- 149 -

Albert Pluton and its surrounding metamorphic aureole to the high s1ices
of the Newfoundlahd allochthons is striking and is compelling evidence

in favor of a transported origin for these rocks at least.

—

In summary, the Hare Bay Allochthon shows striking

Summary

Tithostratigraphic and structural similarities to the other allochthons.
This suggests that similar tectonic processes controlled their deposition,

formation and subsequent westward transport in giant thrust sheets.

SOURCE AREA OF THE HARE BAY ALLOCHTHON

The proposed reconétruction of the Hare‘Bay Allochthon
suggests that the area of de;ysit"iqn was at least 100 km wide anc; that it
lTay between the stabvle cony(nenta} margin to the west and an oceénic domain
to the east. Northwestgr y to northerly transport of the allochthon is .
indicated by the north‘;fo northwest facing DE recumbent fo'lds in the
autochthon at Canada Bay and in the Maiden Point Sh;e near Croque. Such
a reconstructmn would place the source area approx1mate1y 30 - 48 km
northeast of the. Burhngton Pemnsu]a - Notre Dame Bay area (see Fig.- 1)
However, the source must have lain much further to the north if a post—

emplacement sinistral d1sp]acement is assumed to have taken place between

the Western Platform and the Burlington 'Peninsu1a along the Cabot Fault
7

(Williams et al., 1970).
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The gross similarities between the transported sedimentary
and vo]canic rocks with those of the Fleur de Lys Supergroup on the
Burlington Peninsula has long been known (Rodgers and Neale, 1963; Tuke, 1968;
Stevens, 1970; Bird and Dewey, 1970; Smyih, 1971). - Of prime importance in
locating the source area is the establis@ment of the source of the obhio11tes
of the White Hills Slice. For if this can be ascertained,then the source “
of the sedimentary and volcanic rocks of the lower slices can be sought to
the west of the oceanic domain. ‘ ‘

Ophiolites outérop on tﬁe Burlington Peninsula at Baie
Verte, Mings Bight and at Snooks Arm jn Notre Dame Bay. The Notre Dame
Bay area is now known to be 1arge1y‘yhder1ain by lower Paleozoic oceanic
crust, referred to as the. Snooks Arm Group and the Lushs Bight Group
(Upadhyay et al., 1971; Strong, 1972; Smitheringale, 1972).

The Snooks Arm Ophiolite is thrust against the Cape St.

John Group (Baird, 1951) which forms the upper part of the Fleur de Lys
Supergroup. The top of the Snooks Arm Group contains abUndént arfigular
detritus dérived from the Cape St. John Group (H.D.vUpadhyay, pers. comm.)

. which implies that the ophiolite formed close to its present,posit}qn at

the eastern margin of the Fleur de Lys Supergroup. It is unlike]y,,;;%refore,‘
that the Snooks Arm Ophiolite can represent the trailing edge of a large

" overthrust slab of oceanic crust and mantle, which accoéding to Church "and
Stevens (1971) includes the Baie Verte Ophiolite, the White Hills Peridotite
Sheet and the Bay of Islands Complex to the west. In addition; the Cape

St. John Group probably represents an upper Cambrian to 1owe; Ordovician

Island Arc (Bird .and Dewey, 1970} which means that if the allochthonous

ophiolites originated_}n Notre Dame Bay then they must have passed over




this arc. Obduction of ophiolite across an island arc is not known to have

4

happened anywhere else in the geological past and is considered unlikely.

The Baie Verte Lineament consists of a line of ophiolites

and must be considered a possible root zone for the Whide Hills Peridotite

Sheet. The lineament is of fundamental importance and marks the junction
between the contrasting western and easteen divisions of the Fleur de Lys
Supergroup (Church, 1969). The western division overlies gneissic basement
(de Wit, per;é comm.) and consists of a basal conglomerate, overlain by a
thick éoarse greywacke unit with syn-sedimentary mafic ignéoqs rocks,
followed by a thinner, more varied clastic sequence with caébouate breccias
towards the top in the west and mafic volcanic-rocks in the east. The
éastern sequence, on the other hand, consists of an oceanic foundation
(Dewey and Bird, 1971; Kennedy, 1973a) referred to as the Nippers Harbour
Group, that is overlain by inté}mediate and acid volcanic rocks-of the

Cape St. John island arc (Bird de Dewey , 1976).' Extensive pre-tectonic

~ acid plutonic rocks referred to ;; the Burlington Granodiorite and the

Cape Brule Porphyry intrude the eastern sequence and are interpreted to be
relatedbto the island arc.

A The age of the Baie Verte ophiolite and its relationship

to the Fleur de Lys Supergroup is uncertain and controversial. Kennedy
(1973,a) distinguished two ages of ophiolite in this belt on structural
criteria. The older, highly deférmed, ophiolite, according to Kennedy
formed in situ and was deformed with the_Fleur de Lys Supergroup in pre-

Ordovician times, and the younger, mildly deformed, obhio]ite was thrust




in from the Notre Dame Bay area after the Fleur de Lys deformation. This
must have involved thrusting up considerable gradients over a‘defornmd belt
and is considered unlikely. De Wit (pers. comm.)Aeports that the

~ deformation of the Fleur de Lys Supergroup and the Baie Verte.Ophio1ite
belt occurred at the same time and.that the difference in the intensity
of deformation betwveen the two groups is the'result of different structural
levels. If so, then the Baie Verte Ophiolite Belt can be viewed és

, re%nants of a single ophiolite suite that ‘may have formed in situ. Thi§
'suggests thg former presence of an oceanic domain along the Baie Verte
lineament, which must be considered a most likely source area of the White
Hills Peridotite Sheet.

\ Bird and Dewey (1970) considered the White Bay Zone to be

the source of all thevallochthonous rocks. However, this area is

. consideﬂgd an unlikely source of ophiolite as westerly derived coarse
carbonate breccias bccur on both sides of White Bay in the lower Paleozoic
Qone& Arm Group to the wesf fLock, 1972) and in the Fleur de Lys sequence
to the east. These breccias &ah be correlated (de Wit , pers. comm.) and
preclude the presence of a 100 km wide basin of deposition. In addition
the recognition of Grenville (?) gneissic basement east of White Bay (de Wit,

pers. comm.) raises the possibility that gneissic basement may underlie the

entire White Bay zone.

In this thesis a northeasterly continuation of the Baie

Verte Zone is considered to be a likely source of the White Hills Peridotite
Sheet. The source area of the lower ‘sedimentary slices must have lain to the
west of the ocean on strike with the western division of the Fleur de Lys

Supergroup, and a lithostratigraphic comparison between these rock groups

is given in Table 4.




Rock -Units of the Lower Slices of Western Division of the]
the Hare Bay Allochthon. Fleur de Lys Supergroup .

TREMADOCIAN ) PRE-LOWER ORDOVICIAN

Northwest Arm Format.ion ’ Graphitic Schists
Black shales, minor limestones, Marble breccias

limy siltstones. :

PRE-ORDOVICIAN Thick psammitic schists,
Maiden Point Formation quartz pebble greywackes,
Greywackes, slatet, quartz with syn-sedimentary mafic
pebble conglomerates, mafic . igneods intrusions, minor
volcanic flows, and minor ultramafic intrusions and
ultramafic intrusions. - a basal cong]omeqate.

4 -

]Descriptfon after Church (1969); Kennedy (1973a), and de Wit (pers. comm.).

‘Table 4. Comparison of rock units of, the Tower
allochthonous slices with the western
division of the Fleur de Lys Supergroup.

' v
TECTONIC EVOLUTION OF THE HARE BAY ALLOCHTHON

The evo]utibn of the Hare Bay Allochthon is described in
terms of plate tectonics and is related to the birth and destruction of
a continental margin, a proto-ocean and a marginal ocean basin from late
Precambrian to'ﬁpper Pa]ebzoic‘timés; The model draws heavily from present
day analogues of developing continental margins, for example the present

day Atlantic, and of the destruction of ocean{c %rust and mantle by

subduction and obduction, for example, at Tr?fdos, Papua and Oman.
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Any model for the evolution of the Hare Bay Allochthon

must " take into account theffol1owingf

1. The metamorphic evidence from the adréole to the
White Hills Peridotite Sheet'suggests obduction of
*hot* ophiolite.

2. The possibility that the Tremadocian Cape Onion
Volcanics represent the detached Bash]tic-carapafe

of the White Hills Ophialite. '
3._ Ev$ﬁencg froﬁ other on iand ophiolites suggests thaf/some
ophio]ités fornlon{; 30-50 my prior to thrusting.

4. The sedimentological evidence from the St. Julien

Island conglomerates suggest§ derivation from an island
Tare.

5. 'Tﬁé'moétlsatisfactory method of ophiolite obduction
appears to be tHe re;uﬁt of -an abortive subduction of a

~.

" continental margin. For western Newfoqnaland, this

requires a lower Ordovician, easterly dipping, Benioff Zone.

The model proposed here is an attempt to explain the
" geological facts derived from the allochthonous -rocks. By necessity, it
involves the tectonics of the Burlington Peninsula, however, it jé not

intended as a final or an authorative view on this controversial area.
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Birth of the Proto-At]anfic Ocean

After the Grenvillian orogeny (900 my) North America ‘and

Europe formed a single plate. In late ‘Precambrian times this plate began

to split by a s]oy Ero]onged phase of chsta] extension” with the formation
of a series of graben and the intrusion of dyke swarms into- the gneisses
of the Long Range Complex. The‘dykes give K-Ar ages of 805 # 35 my
(Pringle et a1.,11%71) and are chemically distinct (D.F. Strong, pers:

comm.) from the oveﬁlying flows of the Lighthouse Cove Formation that

'~

they were once thought ko feed (Strong and Williams, 1971). -
The age of the fiﬁ;] split, the ipitiation of the proto-
Atlantic ocean, and the formation of an Atlantic-type coﬁtfnenta] margin
in yéstern Newfound]and,are al]vuncertain. The Eo-Cambrian (?) .flood
basé]ts of the Lighthouse Cove Formation have been compared with the

Paleocene Tlood basalts of northwest Scotland (Dewey and Bird, 1971) and

~ may mark initiation of sea floor spreading. Kennedy (1973,b) however,

relates the 805 my date from the diabase dykes in the Long Range Complex

 to formation of the proto-Atlantic ocean, and relates the Lighthouse

Cove basalts to formation of an early Cambrian (?) marginal ocean basin
at Baie Verte. If the transported ophiolites formed in the Baie Verte |
marginal ocean then an Eo-Cambrian ége for their formation appears to bé
too old. For this reason theALighthouse Cove bésa]ts, the chemically
similar Maiden Point‘Volcanics, and the mafic igneous rocks in the basal
parts of the western division of the Fleur dy Lys Supergroup, are all

believed to relate to initiation of axial plate accretion in the proto-

A4
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Atlantic ocean in Eo-Cambrian times. At the same time a thick, monotonous

+ sequence of Atlantic tjbe (Reading, 1972) quartzo-fe;éspéthic flysch spread
. . R »

eastwards from the Grenville basement into a westeriy transgressive sea
'( and was deposited on the continental rise,}for example, the basal psammites
“7ﬁ’1mE-ngur de Lys and possibly also the Maiden Point gfeywackes.)

In the proto-Atlantic ocean, oceanic crust and mantle was
being genérated at a spreaaing fidge probably in a mgnner described by
Dewey and Bird (1971). It i§ unlikely that the allochthonous ophiolites
formed at that time (1ate Precambrian) in the main ocean because of the
resultant 1ong time interval between their formation and midd]é Ordovician

thrusting (about 130 my). ’
.

1 . §
Establishment of the Carbonate Bafk

By middle Cambrian times carbonate deposition had been
established along the easter&imargin of the Long Range initially represented
by the Forteau, C]oud Rapids and Traytown Pond Formations at Canadé'éay.
This eventually cut off lhe westward supply of coarse terrigenous detritus
to the continental rise area and instead, carbonate flysch anq carbonate
brecciss spread eastﬁards. The allochthonous Irish Ligegtone, Cow Head
‘Breccias, Cooks Brook Formations formed at this time. 'In the western
division of iﬁngTéur-denyys Supergroup, a varied clastic succession that
includes greywackes, shales ;H&NEEYbenagg breccia§ was ‘deposited.

| By Tremadoc times the Hare\B;;”KTTBEhthﬂTﬁﬁﬂﬂﬁﬁfiﬂﬁm“ﬂ0
longer received abundant coarse carbonate flysch possibly due to the
’ -
|
i

f}
H




formation of a barrier at shelf edge. Instead the black graptolitic
shales and rare carbonate flysch beds of the Northwest Arm Formation

accumulated.

Development of a westerLy Dipping Subduction Zone, Production of an
Island Arc and a Marginal Ocean Basin.

) In late Cambrian times (?) a westerly dipping subduction
zone inif:iated'in central Newfoundl'and'ea'st' of the Burlington Peninsula
(see also B1rd and Dewey, 1970, f1g 8B; Kennedy, 1973a). The resultant
istand arc, the Cape St. John Group, buﬂt up on oceanic crust (Dewey

and Bird, 1971) and these rocks constitute the eastern division of the
Fleur de; Lys Supergroup. -Behiﬁd .thé. arc a marginal ocean rbasin.initiated
in the Baie Verte area to the east of the already established continental
rise prism (Fleur de Lys -psammites). Ocea_nic crust and mantle was
generated in the marginal basin and is probab]y represented by the Baie
Verte op'fn'o]ite,‘the Mings Bight ophiqlite;' the White Hills Pem'-dotite
Sheet and the Bay of Islands Complex. A.t thle western margin of this oceaﬁ
mafic volcanic rocks, tuffs, and aggiomerates,with an occasional inﬂux of
coars-e greywackes from the.wgst, were éccumu]ating én'd represent the Goose

Cove Formation.

The regiohal tectonic fabric present in the lower part of the
1)

White Hills Peridotite Sheet is ifi4¢rpreted as mantle fabric produced either
" by syn-t'ectonic'r‘ecrysta]’I.ization"(Ave ‘Lallemant and Carter, 1970) or by
plastic deformation (N?co]as et al., 1971). The fabric is ']ocaHy associated

wit;h recumbent folds and both folds and fabric are cut by late orthopyroxite
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dykes suggesting that the deformation preceded final solidification of
the mantle.”

Accumulating gravity (Milsom, 1973) and stratigrapﬁic
data (Kairg, 1972) 6n other on-land ophiolite suites favors a history
of forma®ion in marginal basins at the rear of island arcs. Interpretation
of ophiolites as on-land marginal basin crust sat1sfactorﬂy explains
their large gravity fields (Milsom, 1973), their great thickness, the1r
close age relationships between formation and thrusting, and the
requirement of 'hot' ophiolite for aureole formation.

Upadhyay (pers. comm.) also favors an origin of the Snooks’
Arm ophiolite in a marginal ocean basin. However, it is uncertain whether
it formed in relation to the same subduction zone as the Baie Verte

ophiolite or if it resulted from later eastward subduction of the Baie

-

Verte ocean. e

Methods of emplacement of slabs of ocea_m'c crust and mantle
over continental margins are poorly understood. However, many workers
favor emplacement by means of a collision between a continental margm and
a subduction zone (Temple and Zimmerman, 1969; Z1nmer'man, 1972; Davies,1971;
Moores, 197_0_; Dewey and Bird, 1971; Moqres and MacGregor, 1972) , whereby
the leading edge o.f the oceanic plate is thrust over the partially subducted
continental margin. To cause obduction in this manner in western ‘Newfound’land,
there must have been a reversal in arc polarity (Karig, ]972) whereby a new
subduction zone initiated along the rear edge of the Cape St. John Island
Arc. Reversals in arc polarity have been described from Papua (Karig, 1972)

but the process is poorly understood and the cause unknown.

/




Subduction of the Baie Verte marginal ocean ba'sfn
eventually resulted in the collision of the continental margin with
the active arc system in lower Ordovician times. This collision is
believed to mark the. initiation of the Fleur de Lys deformation and
the first’prg-emp1 acement deformation in the a]]och£honous rocks.

In‘ the case pf the Hare Ba{lmochthon the slab of

ophioh’te (White Hills Peridotite Sheet) was thrust over previously

undeformed supracrustal rocks (Goose Cove Formation) that lay at the
edge of . the continér{tél mavrgin. 4The leading edge of this overthrust
slab is un]ikefy to contqiﬁ any sign of island arc igneous activity
as volcanism within 30 km of a trench is virtually unknown, even where
the Benioff zone dips steeply. A ‘

The first fegiona] deformation ‘and me};amorphism (DPl)
_ of the, Goos’e’Cove Formafion probably relates to initial ophiolite
disp1acér/nent. A period of static growth marked by garnet and plagioclase
porﬁhyrob]asts_ followed. Fur%her ‘movements, possibly related to final
displacement, produced the DPZ deformation and metamorphism. The aséociated
westw;rd facing recumbent folds imply westerly displacement of the ophiolite
assuming there has been no rotatji‘on of the slice during subsequent transport.
Kennedy (1973a) also noted a similar facing direction of recumbent folds in
the western division of the Fleur de Lys Supergri)'up.

The histor‘y of the aureole rocks records an increase in the
intensity of deformation énd grade of metamorphism towards the contact with
the ophiolite sheet. T‘he metamorphic grade increases over approximately

300 m from low greenschist at the base up to pyroxene-amphibolite at the top

v




and 1ikewise the intensity of deformation increases from a crenulation

cleavage to a mylonite, The aureole is viewed, therefore, as a dynamo-
thermal aureole related to obduction of. hot ophiolite onto a continental
margin. Metamorphism of the basal aureole to the Mount Albert ophiolite
occurred in early Ordovician times (MacGregor, 1962) and a similar age of
metamorphism is likely for the Goose Cove Formation.

The parti-ally'*subducted continental crust, which originally

"plugged" the subduction zone, later rose isostatically under the over-
thrust ophiolite sheet. It caused a large structural h1gh that éventually
.resu1ted in detachment t)f the leading edge of the ophiolite from the now
1'nact1’vé island arc to the east. From this upwe]hng highland, 1s]and arc
t;ype"(Rtleadingl 1972) flysch spread westwar‘ds in 1ower Ordov1c1an t1mes to
form the St Julien Island conglomerates and the Blow me Down Brook

) Formatwn, and the latter contams both 1s]and arc and ophwhte detritus

(Stevens, 1970). - . S

For'mat'ron of Grav1ty Shdes, Emplacement of the Allochthon and the
Tacomc Orogen_y

In lower to middle Ordovician times the structufa] h‘{gh )
became unstable. ‘The ophiolite slice detached at a new strﬁctura] level
below its welded metamo,rprﬁc aureole so that this structural couple
. comprised a distinct slice that moved westwards: by gravity sliding.

, Detachment of tqhe. Tower structural slices occurred at tht’s time either by
peel thrustt’ng (Stevens, 1970) below the ophiolite slice or by gravity

sliding. The present stacking order of the slices re]ate§ to their
v‘,'
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position of initial.detachment whereby the higher slices originated
fartﬁer from the emp1acement site and are the farthest travelled.

The emplacement of the allochthon was heralded by
deposition of the middle drdovician Goose Tickle Flysh in the deepening
autochthonous basin. This northeastéf]y derivgd flysch contains detritus

that can be matched with most of the slices of the allochthon (Stevens, -

1970) . -

K3

The 1owermost,Northwesf Arm,Slice contains slumped and
rubbly beds and was emplaced in a semi-consolidated condition. Conglomerate
beds near the top of the Goose Tickle Formation contain clasts derived
almost entirely rrom the Northwest Arm Formation indicating active eros1on'\'
of this slice durifg transport

The Maiden Point,'Croque Head and St. du]iea Island Slices
display rare syn-emplacement recumbent folds bqt a widely developed slaty
cleavage, indicating emplacement and deformation in a well indurated
state. Low greenschist regional metamqrph{sm accompanied the emplacement
deformation. The syn-emplacement (DE) recumben? folds in the Maiden Point
Slice face up to the nprth‘and north-west 1mp1ying,transport'1n that
direction,

During gmp]acement,the slices travérsed across a basin

of unconsolidated black shales and 1imy siltstones that probably represent

an easterly facies of the Northwest Arm Formation. Blocks of shale and -
si]tstone;?bgether with‘blockg shed from the advancing=§1ices,were tectonically

jncorporated into the imbricate thrust zones between the slices to form

NS
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mélange zones. The méﬁange zones formed early in the evd]ution and -

transport of‘the slices as they show similar syn-emplacement deformation
‘and metamorphism as the lower slices. However, the'deformation and
metamorphism of the Goose Cove Formation of the White Hills §Jice clearly

preceded mé]ange formation as blocks of greenschist occur in the basal
~mélange to that slice.

Final émp]acement of the a]]ochthoﬁ occurred in middle

Ordovician times (Rodgers, 1965; Stevens, 1970). The directly underlying
autochthonous rocks are,in most places, unaffected by the emb]acement
deformaﬁion,apart from minor igneous in??ﬁsions. At Canada Bay, where
méﬁange is absent and the a]]dchthon contact is a hard thrust, stress
transmittance into the underlying rocks was possib]e,and as a result (DE)
northwest—facing recumbent folds and imbricate structure were developed.

The emplacement deformation (DE) is correlated with the
middle Ordovician "Taconic Orogeny" or. Humberian orogeny of Bird and

Dewey (1970). Effects of this orogeny are not solely restricted to areas

.~ of allochthonous rocks but have also been récognized in the lower Paleozoic

Conéy Arm Group at the head of White Bay (Lock, 1972) and appear to be of

~ regional extent along the western margin of the Appalachians (Rcdgers, 1967;

Poole, 1967; Zen, 1968).

-Final Closure of the Proto-Atlantic Ocean and the Acadian Orogeny
After the Baie Verte subduction zone closed in early

Ordovician times a new subduction zone developed to the east in the
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'

N

Notre Dame Bay area. Its direction of dip is controversial but preliminary

geochemiéal evidence suggests it also dipped te the east (D.F. Strong,

pers. comm.). Final closure of the proto-ocean in southwest Newfound1and i

y
(P. Brown, pers. comm.) locked the system in Devonian times and resulted - A

in the Acadian Orogeny. . . . ~
The Acadian deforpation produced open upright folds and

. a crenulation cleavage that ovérprint the earlier pre- and syn-emplacemen

structures. The intensity of ihe Acadian deformation dies ocut rapidly

west of the allochthon-autochthon contact. In the .thesis areé,]ittlf/}r

no metamorphism accompanied the Acfadian deformation. The zone of 1a'1./e

thermal metamorphism in the south of the area post-dates the Acadian

structures and is probably related to a late Acadian granite.
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Fig. a: Inclusion of foliated gneiss of the Long Range Complex in
microgranite. Seans Cove, White Bay.

b: Pillow basalt of the Lighthouse Cove Formation overlying thin
basal conglomerate. Conglomerate unconformably overlies basement
gneisses. South side of Otter Cove, Canada Bay.



PLATE 2

Fig. a: Pillow basalt of the Lighthouse Cove Formation. South side of
Otter Cove.

b: Hexagonal cooling joints in basalts of the Lighthouse Cove
Formation. Top of flow, south side of Otter Cove.



PLATE 3

Fig. a: Plutonic boulder conglomerate from the Lighthouse Cove Formation.
West of Burnt Point, Canada Bay.

b: Microgranite clasts in Bradore Formation. Note poor sorting and
high matrix content. From Bradore unconformity with Long Range
Complex, Seans Cove, White Bay.



PLATE 4

Fig. a: Pebble conglomerate, Bradore Formation. Northwest Shore of
Wild Cove.

b: Pebble conglomerate consisting of hematite clasts and sparse
quartz grains, Bradore Formation. Near top of formation, west
side of Wild Cove.



PLATE 5

Fig. a: Trough cross-bedding in the Bradore Formation. Looking northeast,
south of Fly Point, Canada Bay.

b: Photomicrograph of sandstone from the Bradore Formation. Note
variety of roundness and sphericity. Altered feldspar grains
are cloudy with indistinct grain boundaries. West shore of Wild
Cove. Plane polarized 1ight.
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Fig 8: Compositional diagram of‘fﬂe Bradore Formation




PLATE 6

Fig. a: Detrital hematite in orthoquartzite from the Bradge Formation.
Note well rounded and sub-spherical clasts. Wild Cove.
Partially polarized 1ight.

b: Contact between Bradore Formation and the overlying Devils Cove
Formation. Note sharp contact between black hematitic sandstones

below, and lighter, variegated 1imestones and shales above. West
shore of Wild Cove, Canada Bay.



PLATE 7

Fig. a: Faulted contact between Devils Cove Formation and Goose Tickle
Formation. Contact is marked by 0.6 m of 1ight coloured,
mylonitized marble. Note hematitic sandstones of Bradore Formation
(1eft) underlying limestones of Devils Cove Formation looking

north, east side of Wild Cove.

0.5 mm

b: Photomicrograph of fossils in l1imestones from the Devils Cove
Formation. Algae filaments are straight and brachiopod shell is
curved. West shore of Wild Cove.
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PLATE 8

Fig. a: Chert bed from upper unit of Table Head Formation. Note steeply
dipping cleavage refracted in chert bed. Whites Arm Pond.

b: Conglomerate from Goose Tickle Formation. Note flattened clast.
Southwest shore of Whites Arm.
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PLATE 9

i ‘f

A L ool O j-t
f].'rl;"* , i’

Fig. a: Flute casts, Goose Tickle Formation. From greywacke block in
mélange, north end of MacGrey Island, Hare Bay. Note steeply
dipping fracture cleavage.

/ ' 'FHI] ,l' !

b: Ripple drift lamination, Goose Tickle Formation. East side of
MacGrey Island, Hare Bay.
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Fig 9: Directional features of the Goose Tickle Formation,
Big and Little Springs Inlets, Hare Bay
L]
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Greywacke bed, Goose Tickle Formation. Note graded lower interval
and upper cross-laminated interval. East shore of Big Spring
Inlet, Hare Bay.
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PLATE 11

0.5 mm

Fig. a: Diabase clast in greywacke from Goose Tickle Formation. Note
angular shapes, poor sorting and high matrix content. Northwest
shore of Whites Arm. Crossed nicols.

b: Granophyre clast in greywacke from Goose Tickle Formation. Note
development of slaty cleavage. East shore of Big Spring Inlet.
Crossed nicols.
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Fig. a: Oolite clasts in greywacke from Goose Tickle Formation. Note
partially broken concentric structure of the ooliths. East
shore of Big Spring Inlet. Partially polarized 1ight.

b: Chlorite clast containing chromite, in greywacke from the Goose
Tickle Formation. East shore of Big Spring Inlet. Obliquely
crossed nicols
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PLATE 13

Interbanded calc-silicate and pelitic schists, from Sugarloaf
Note inclined folds and

Fig. a:
Schists. Calc-silicate bands are white.
widely spaced strain-slip (52) cleavage. South side of Sugarloaf
Cove, looking north.
b: Folded marble beds in pelitic and semi-pelitic schists, Sugarloaf

Schists. Sugarloaf Cove.



Fig. a:
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PLATE 14

Photomicrograph of a quartzite band from the Sugarloaf Schists.
Note the granoblastic texture in center of band and preserved
schistoxity (S,) at the margins where micas are interleaved with
quartz. Sugar1oaf Cove. Crossed nicols.

Highly deformed, schistose granite, Sugarloaf Slide Zone. The
schistosity (S7) is defined by thin zones of phyllonite that
form augen around relict phenocrysts of feldspar and quartz.
Southwest of Sugarloaf Cove.
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PLATE 15

Fig. a: Kink style Fp folds in phyllonitized granite, Sugarloaf Slide
Zone. The phyllonite fabric (S7) goes around the folds.
Southwest of Sugarloaf Cove.

b: Foliated tectonic schists Sugarloaf Slide Zone. Pelitic foliae
are dark and calc-silicate foliae 1ight. Southwest of Sugarloaf
Cove.
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Fig 10: Schematic reﬁ?&sentation of the structural stacking order
of the slices of the southern part of the Hare Bay Allochthon.
The formations of each slice are listed. Arrows indicate
observed structural relations between the slices.
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PLATE 16

Fig. a: Graded greywackes from Maiden Point Formation. The beds are
slightly overturned. Looking northeast, Spring Island, Hare Bay.

b: Graded greywacke from Maiden Point Formation. Note the lower,
coarse graded interval downcutting into shale and the thick,
upper, ungraded interval. Spring Island, Hare Bay.
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PLATE 17

Fig. a: Cross-bedded greywacke, Maiden Point Formation. Looking north,
south of Whites Arm.

b: Load casts from Maiden Point Formation. The casts are approximately
30 cm long. Note regular direction of overlap. Looking north,
north of Pillier Bay.
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PLATE 18

Fig. a: Hook and roll up structure, Maiden Point Formation. Soft
sediment deformation in greywackes. Spring Island.

b: Slumped bedding in greywackes, Maiden Point Formation. Mare Cove.
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Clay,Sericite
Chiorite, Etc.

Greywacke

Arkose

b

Feldspar

Fig 11: Compositional diagram of the Maiden Point Formation

(Classification after Pettijohn, 1944, in KrUMPein &
Sloss, 1963)
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PLATE 19

2 mm

]
Fig. a: Photomicrograph of greywacke from Maiden Point Formation. Note
spherical quartz grain in centre of section, high matrix content,
poor sorting and slaty cleavage. Cow Bay, Hare Bay.

i |l...l|m|h.. I T
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b: Quartz pebble conglomerate from the Maiden Point Formation. Note
rough alignment of black mudstone flakes, and poor sorting of
quartz grains.
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PLATE 20

Fig. a: Angular mudstone clasts in Maiden Point Formation. Note chaotic
arrangement of slabs in medium—grained greywacke. Spring
Island, Hare Bay.

b: Mudstone slabs in quartz pebble conglomerate, Maiden Point
Formation. 1 km east of Big Spring Inlet.
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PLATE 21

Fig. a: Photomicrograph of quartz-pebble conglomerate Maiden Point
Formation. Note hematitic sandstone clast in center of
section. Conche Road.

b: Pillow lava from Maiden Point Volcanics. Note limestone
filled interstices. Little Cormorandier Island, Hare Bay.
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PLATE 22

Fig. a: Inclusions of dark, medium-grained basalt in Maiden Point
Volcanics. Shore of northwest arm, Croque Harbour.

b: Post-tectonic stipnomelane overgrowing plagioclase phenocryst,
Maiden Point Volcanics. Note fine-grained, altered groundmass.
West of Grandois.
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Fig 14: Schematic representation of the stratigraphic relations of
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Basalt clasts = clear; limestone clasts = hatched.
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PLATE 23

Fig. a: Basalt flow overlying sandstone, from the Maiden Point Formation.
Basalt (top right of photograph) is underlain by cross-bedded
sandstone and conglomerate. South side, northwest arm,

Croque Harbour.

b: Conglomerate, Maiden Point Formation. Note dark grey, sub-
spherical, basalt clasts and 1ight grey, slab-shaped, marble
clasts. North side, northwest arm, Croque Harbour.
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Fig. a: Poorly graded, sandy 1limestone, Irish Limestone. The beds
are upward facing on the steeply dipping cleavage (S5). )
Looking northeast, northwest side of St. Julien Island.

b: Bedded conglomerate and greywacke, St. Julien Island Formation.
Note poor sorting, dispersed texture and high matrix content
of conglomerate. Looking north, south side of St. Julien Island.
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PLATE 25

Fig. a: Large scale trough cross-bedding, St. Julien Island Formation.
Note the downcutting nature of bed outlined. Looking south,
west side of St. Julien Island.

b: Trough cross-bedding, St. Julien Island Formation. Close up
of greywacke bed in Fig. a, above.



PLATE 26

Fig. a: Conglomerate, St. Julien Island Formation. Note dispersed
texture and alignment of clasts in (S2) cleavage plane.

b: Myrmekitic texture in granite clast, St. Julien Island Formation.
St. Julien Island. Crossed nicols.



S T

PLATE 27

Fig.a: Foliated gneiss clast, St. Julien Island Formation. Note
alternating quartz and mafic (dark) foliae. St. Julien
Island. Crossed nicols.

b: Relict euhedral garnets in gneiss clast, St. Julien Island
Formation. Note characteristic hexagona] shapes of garnets.
St. Julien Island. Plane polarized 1light.
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PLATE 28

Fig. a:  Agglomerate, Greenschist Member, Goose Cove Formation. Note
rounded clasts and schistose matrix that forms augen around them.
Shore, south side of western entrance to Fishot Harbour.
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b: Porphyritic pillow lava, Greenschist Member, Goose Cove Formation.
Note schistose matrix which forms augen around feldspar
phenocrysts. Pigeon Island.
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PLATE 29

Fig. a: Banded hornblende schist, Amphibolite Member, Goose Cove
Formation. The schists are derived from tuffs. The isoclinal
folds are F2 structures. Landing Cove, Fishot Island.

b: Photomicrograph of pelite, Amphibolite Member, Goose Cove
Formation. Note biotite schistosity (S,) which forms augen around
garnet (dark) and plagioclase (1ight) pgrphyroblasts. Landing
Cove, Fishot Island. Obliquely crossed nicols.



PLATE 30

Fig. a: Marble bands in hornblende schist, Amphibolite Member,
Goose Cove Formation. Note how well the marbles (white)
display the structure in an otherwise homogeneous looking

rock. Looking north, north side of Easter Tickle, North-
east Island.

Fig. b: Metagabbro, Amphibolite Member, Goose Cove Formation.
The mineral banding is interpreted as primary igneous
layering. East side of Landing Cove, Fishot Island.
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PLATE 31

Fig. a: Line drawing of Pyroxene-bearing Amphibolites, Contact Zone,
Goose Cove Formation. Note augen shaped hornblende (closely
spaced cleavage) and pyroxene (widely spaced cleavage)
porphyroblasts showing (S,) fabric. Western White Hills.

b: Greywacke blocks in Mélange. Note variety of shapes and sizes
of blocks. Looking northeast, west side of Fishot Island.
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Fig. a: Folded contact between greywackes of the Croque Head slice and
Mélange. Note the sharp contact and the upright post-emplacement
folds. Looking south, east side of Irish Bay.

b: Pre-tectonic diabase dyke(?) in basal mélange to White Hills
Slice. Note that dyke has been cut up into small imbricate
slices. Looking east, southwest side of Fishot Island.
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PLATE 33

Fig. a: Post tectonic dyke cutting the basal mélange to the Fishot Island
Slige. Looking north, southwest side of Fishot Island.

b: Photomicrograph of black slate matrix of mélange. The schistose
matrix is folded by upright, post-emplacement folds.



PLATE 34
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Fig. a: Mé&lange. Note the unsorted texture with clasts ranging from
pebbles to blocks. North shore of Little Canada Harbour.

b: Oval shaped boulders in Mélange. Note how black slate matrix
forms augen around the blocks. West side of Fishot Island.
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PLATE 35

Fig. a: Photomicrograph of Mélange. Note how the emplacement schistosity
(Sq) is cut by an upright crenulation (S;) cleavage. Basal
me*ange to the Croque Head Slice, Cobblers Cove.

b: Recumbent fold in mélange. Note how the F, fold is cut by a
moderately dipping fracture cleavage (S3). Looking north, north
shore of Little Canada HarHour.
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PLATE 36

Microgranite

Sandstone
S b
Gneiss

Fig. a: Thrusted microgranite resting on Bradore Formation. The Bradore
sandstones unconformable overlie gneisses of the Long Range
Complex. Seans Cove, White Bay.

. 2 mm 1

b: Photomicrograph of deformed microgranite. Note thin anastomising
fracture zones (dark) containing fine-grained, crushed microgranite.
Seans Cove.
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PLATE 37

Fig. a: Pinch and swell structure in granite dyke in Acid and Basic
Gneisses. Granite dyke outlined. Note foliated gneisses and
unfoliated granite. North of Seans Cove.

b: Photomicrograph of deformed porphyry. Note schistose groundmass
and strained relict quartz phenocrysts. Base of faulted block,
west of Burnt Point, Canada Bay.
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PLATE 38

Fig. a: Deformed diabase dyke from Table Head Formation. Note
rectangular shaped cross section of boudins. East shore of
Canada Harbour.

b: Peljte from Greenschist Member, Goose Cove_Formation te
sch1stos1ty de$$ne§ by muscovife and ch?or1te, crenu1ate8

small scale F2 folds. Northwest side of Fishot Island.
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Fig. 18: - SUMMARY QF TRUCTURAL HISTORY OF THE ALLOCHTHONOUS & AUTOCHTHONOUS ROCKS SOUTH OF HARE BAY.
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PLATE 39

q 0.5 mm K

Fig. a: Garnet porphyroblast, Amphibolite Member, Goose Cove Formation.
Note straight inclusion trails of elongate ores defining S]
schistosity. East shore of Landing Cove, Fishot Island.

b: Recumbent fold, Amphibolite Member, Goose Cove Formation. Fold
is developed in impure marbles. Looking north, south side of
Easter Tickle, Fishot Island.
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PLATE 40

Fig. a: Granulated sandstone, Bradore Formation. The S, fabric is
folded about F, folds. Near top of faulted b1olk, west of
Burnt Point, anada Bay.

b: Emplacement recumbent folds from the Goose Tickle Formation.
Looking east, west side of Baard Island, Canada Bay.



PLATE 41

Fig. a: Emplacement recumbent folds from Table Head Formation below the
Handy Harbour Thrust. Note weakly developed, moderately dipping
fracture cleavage (Sz). Looking east, west side of Bide Head.

b: Emplacement fold in Forteau Formation. Looking northeast,
west of Fly Point.



Fig. a and b:
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PLATE 42

(a)

Post emplacement folds (F,) in greywackes from the Goose
Tickle Formation. Note diﬁensiona1 preferred orientation
of detrital material defining the emplacement S.I fabric.

Obliquely crossed nicols. (a) East of Englee;' (b) South
shore of Whites Arm.

1 mm
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PLATE 43

cSHunIrYwD LIMi) EWw 1 -
v Malifax Montreal Ottawa Toronto winnlpeg Edmonton vancou c

7 8 2 110 iy 112
(L T T IO

Fig. a: Phyllonitized granite, Sugarloaf Slide Zone. Note lenticles of
quartz and feldspar bounded by narrow zones of finely crushed,
schistose matrix. South of Sugarloaf Cove.

b: Photomicrograph of deformed granite, Sugarloaf Slide Zone. Note
narrow irregular crush zones. Shore south of Sugarloaf Cove.
Crossed nicols.
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PLATE 44

Fig. a: Photomicrograph of kinked and broken plagioclase, Sugarloaf
Slide Zone. Shore south of Sugarloaf Cove. Crossed nicols.

b: Photomicrograph of Phyllonitized granite, Sugarloaf Slide Zone.
Note parallel zones of granulated and schistose natrix. Crossed
nicols.
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PLATE 45

L _2mm ,

Fig. a: Phyllonitized granite, Sugarloaf Slide Zone. Note highly
- granulated matrix with well developed schistosity that forms
augen around aligned quartz and feldspar lenticles. Crossed nicols.

b: Relict Plagioclase Porphyroclast enclosed in highly crushed and
granulated matrix. Sugarloaf Slide Zone. Shore, south of
Sugarloaf Cove. Crossed nicols.
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PLATE 46

Fig. a: Emplacement cleavage in greywacke from Maiden Point Slice. Note
alignment of detrital material in S; plane that is folded by the
post-emplacement F2 fold. East sidl of Canada Head. Crossed nicols.

b: Folded greenschist, Irish Limestone. Note S; slaty cleavage
defined by aligned opagues, chlorite and sericite that is folded
by open F, folds. South end of St. Julien Island. Obliquely
crossed n%fcols.
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PLATE 47

Fig. a: Folded greywackes and slates of the Goose Tickle Formation. Note
asymmetry of folds. Looking northeast, east side of MacGrey
Island. At the point in the background the greywackes are

overlain by melange.

b: Acadian (F,) folds in slates of the Goose Tickle Formation.
Looking no;th, west of Canada Harbour.



PLATE 48

Fig. a: Refolded emplacement fold (F1) in the Table Head Formation.
Facing directions uncertain. Note steeply dipping 52 cleavage.
Burnt Point South shore of Canada Bay.

b: Folded semi-pelitic schists, Sugarloaf Schists. The folds
refold the emplacement S1 schistosity. Looking north, south of
Sugarloaf Cove.



PLATE 49

Fig. a: Acadian folds in greywackes and slates of the Maiden Point
Slice. The fold is upward facing on the cleavage that is the

first fabric in the rock. Looking northeast, east of Big
Spring Inlet.

b: Acadian folds in mélange. Note the alignment of the blocks in
the S, cleavage plane and the development of a crenulation (S )
cleavage. North shore of Whites Arm.
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PLATE 50

Fig. a: Relationship between S, and S, in greywackes from Maiden Point
Slice. The F, folds flce wes@wards on S.l and the F2 folds face
down on SZ' %hore, east of Englee.

pITE]
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b: F, folds in greywackes from the Croque Head Slice. The 52 fabric
1% a crenulation cleavage.
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PLATE 51

Fig. a: Semi-schists from Croque Head Slice. The emplacement S, cleavage
is defined by aligned sericite and chlorite and by a sthng
dimensional preferred orientation of the detrital material. The
clastic texture is partially destroyed. Crossed nicols.

b: Acadian (F,) fold in St. Julien Island Formation. The fold faces
up on the gz cleavage. Black Island.
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PLATE 52

Fig. a: Alignment of clasts in conglomerate, St. Julien Island
Formation. Note the subspherical shape of the quartzite clasts

(white) and the elongate shape of the sandstone and shale clasts
St. Julien Island.

b: Steeply folded contact between Croque Head Slice below and White

Hills Slice above. The gully is underlain by mélange separating
the slices. Looking northeast, south of Square Cove.
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PLATE 53

Fig. a: Acadian folds (F;) in Greenschist Member, Goose Cove Formation.
Looking northeas%, Fishot Island.

b: Refolded fold in marbles, Amphibolite Member, Goose Cove Formation.
South side of Easter Tickle, Fishot Island.
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PLATE 54

Shear Zone in greenschists, Goose Cove Formation. Note drag of S
fabric into 1eft hand side of shear zone. Zone is marked by
brown stained, carbonate veins. West side of Landing Cove,
Fishot Island.

2
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FigI9: The relationship between miperal growth and deformatmn
‘ in the Goose Cove Formation.
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PLATE 55

, 1 mm :

Fig. a: Plagioclase porphyroblast, Amphibolite Member, Goose Cove
Formation. Note biotite and quartz inclusions. Crossed nicols.

b: Garnet porphyroblast with straight inclusion trails. This is a
1ine drawing of Plate 39, fig. a. The garnet clearly grew-after
formation of the Sy fabric. Goose Cove Formation. Fishot Island.
Garnet heavy outline and clear; plagioclase stippled; quartz clear;
biotite hatched; horblende closely spaced cleavages.
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PLATE 56

1 0.3 mm ]

Fig. a: Photomicrograph of helicitic garnet porphyroblast. The folded
aligned opaques suggest the presence of two periods of deformation
prior to garnet growth. Amphibolite Member, East side of Landing
Cove, Fishot Island. Plane polarized 1ight.

b: Garnet porphyroblast, Amphibolite Member, Goose Cove Formation.
Note circular inclusion trails. Line drawing from a photograph.
Fishot Island. Symbols as in Plate 55, fig. b.
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PLATE 57

Fig. a: Pyroxene bearing amphibolite, Contact Zone, Goose Cove Formation.
Line drawing from a photograph. Pyroxene widely spaced
cleavages; other symbols as in Plate 55, fig. b.

b: Emplacement slaty cleavage, Table Head Formation. S,, defined
by chlorite and seritite, is developed in a pelite b;nd. Note
development of S2 crenulation cleavage. South of Englee. Crossed

nicols.
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PLATE 58

Fig. a: Post-tectonic chlorite porphyroblasts in semi-pelite, Maiden
Point Formation. The chlorites (dark) overgrew and include the

Da (S2) crenulation cleavage. Northeast side of Twillingate.
Cove. Crossed nicols.

b: Cordierite porphyroblasts in hornfels. Maiden Point Formation.

Note inclusion packed prophyroblasts. .Shore, Northeast of
Cat Cove. Crossed Nicols.
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PLATE 59

Fig. a: Post-tectonic andalusite overgrowing S2 crenulation cleavage,
Maiden Point Formation. Shore, Northeast of Cat Cove. Crossed
Nicols.

L 0.1 rm

b: Post-tectonic biotite, Sugarloaf Schists. Note biotite
overgrowing the S, fabric. Plane polarized Tight.
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PLATE 60

Fig. a: Post-tectonic epidote porphyroblast, Sugarloaf Schists. Note
included fabric. Northeast side of Sugarloaf Cove. Crossed
nicols.

| 0.3 mm |

b: Post-tectoni¢ actinolite, Sugarloaf Schists. South side of
Sugarloaf Cove. Obliquely crossed nicols.
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PLATE 61

i 0.5 mm |

Fig. a: Polysynthetic twinning in post-tectonic diopside, Sugarloaf

Slide Zone. Note included fabric. Shore, South of Sugarloaf
Cove. Crossed nicols.

b: Recumbent fold in White Hills Peridotites. The dark bands are
orthopyroxene rich. South side, Western White Hills.
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Fig 2l: Palinspastic reconstruction of the thrust slices shown schematically.
- (A) Structural stacking order of the slices north of Hare Bay.
(B) Structural stacking  Urder of the slices south of Hare Bay.
{C Structural stacking order of the slices of the entire Hare Bay Allochthon. .
D) Palinspastic reconstruction of the slices to the relative positions they had
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PLATE 62

Fig. a: Two ages of orthopyroxene bands, White Hills Peridotite Sheet.
Western White Hills.

| 3.5 mm I

b: Photomicrograph of harzburgite, White Hills Peridotite Sheet.
Note enstatite augen. Southeast side, Eastern White Hills.
Crossed nicols.
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