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ABSTRACT

The Appalachian fold and thrust belt was studied from
Bonne Bay to Ten Mile Lake in northwestern Newfoundland.
This region is a weakly emergent thrust belt that brings
Grenville basement (of the Long Range Inlier) above a
parautochthonous Cambro-Ordovician carbonate sequence and
locally above the Humber Arm Allochthon. Reverse faults are
interpreted as steep ramps above a gently east-dipping sole
thrust. The most westerly basement-involved thrust is
interpreted as occurring offshore throughout most of the
study area and probably even occurs west of the Humber Arm
Allochthon. Basement-involved thrusting postdates the

Ordovician emplacement of the Humber Arm Allochthon and is

most likely Devonian.

Faults within the northwestern Newfoundland fold and
thrust belt form a linked system. Along-strike variations in
spacing and amount of displacement result in major
differences in structural style. Three zones of contrasting
structural style are recognized. In the southern zone,
between Bonne Bay and Portland Creek Pond, deformation is
predominantly confined to a narrow belt involving two
thrusts with a hanging wall anticline and an overturned
footwall syncline. In the central zone, between Portland
Creek Pond and Hawkes Bay, deformation is distributed over a

wider area marked by numerous high-angle reverse faults with



opposing polarity. In the northern zone, between Hawkes Bay
and Ten Mile Lake, deformation is accommodated by

displacement on two widely spaced thrusts.

Transport of Grenville basement above the parautoch-
thonous carbonate sequence and the Humber Arm Allochthon is
greatest in the southern zone where horizontal structural
shortening has a minimum value of about 9 km., and is
predominantly accommodated by the development of a regional-
scale syncline-anticline pair. St:uctural shortening in the
central and northern zones has a minimum value of 3 and 2
km., respectively, and is primarily accommodated on faults
with only minor folding of strata. Structural shortening is
minor at the extreme northern and southern ends of the Long

Range Inlier.

Structural telescoping of units in the Humber Arm
Allochthon at St. Pauls Inlet has a minimum value of 32 km.,

and is interpreted to be related to Taconian emplacement.

Faults in northwestern Newfoundland are parallel to the
Long Range Dyke Swarm which was controlled by rifting during
the initiation of the Iapetus Ocean. The position of the
fold and thrust belt may be controlled by the reactivation
of preexisting rift-related normal faults within basement

rocks.
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PART I - GENERAL INTRODUCTION

CHAPTER ONE

INTRODUCTION

The Appalachian Structural Front is defined as the
leading edge of the Appalachian Orogen that separates
deformed rocks of the orogen from undeformed, coeval
platformal strata in the North American interior. This study
is a geological investigation of structural style within the
fold and thrust belt which lies east of the Appalachian

Structural Front in northwestern Newfoundland.

—— N X L e e R . S S T e S T Sl

Three Paleozoic deformational events are recognized
along the west flank of the Appalachian Orogen; the
Taconian, Acadian, and Alleghanian orogenies which occurred
during the Middle Ordovician, Devonian, and Carboniferous
respectively. The time of deformation and structural styles
are different along the length of the Appalachian fold and
thrust belt. In the southern United States Appalachians, the
Appalachian sStructural Front is the leading edge of a wide
Carboniferous fold and thrust belt (the Valley and Ridge
Province), farther east Precambrian baseme' ™ is brought to

the surface (the Blue Ridge Province; King, 1959). In Canada



(Québec), the Appalachian Structural Front coincides, or
almost so, with Logans Line, the leading edge of a
continuous belt of Ordovician allochthons (Williams, 1979).
Where Ordovician allochthons are discontinuous in western
Newfoundland, an opportunity is presented to study the
Appalachian Structural Front where it is developed in
platformal cover rocks and where Precambrian basement is
exposed farther east; somewhat analogous to the Blue Ridge
Province of the southern Appalachians, although timing is

different.

1.2 GEOIOGICAL SETTING OF NEWFOUNDLAND

A brief review of the geology of Newfoundland is
presented here to illustrate the regional significance of

the Appalachian Structural Front in western Newfoundland.

Newfoundland provides a cross-section of the Appalachian
Orogen. Williams (1976, 1978, 1979; Williams et al., 1988)
recognized four tectonostratigraphic zones based on mainly
lithic contrasts between Middle Ordovician and older rocks.
From west to east the zones are the Humber, Dunnage (Notre
Dame and Exploits subzones), Gander (Gander Lake, Mt.
Cormack and Meelpaeg subzones) and Avalon zones (Figure

1-1).



undeformed, not part of the orogen

)
A Mount A

(Y78 A Cormack /5 e Ay
A% seo o a BT AP

—— HUMBER ZONE z TN

%\allochthons

A Notre Dame
& Exploits

o Meelpaeg
Mount Corma&— subzones of the GANDER ZONE
e  Gander Lake

- subzones of the DUNNAGE ZONE

© AVALON ZONE

Figure 1-1. Tectonostratigraphic zones of the
Newfoundland Appalachians (modified from wWilliams, 1988, and
Cawood et al., 1988).



1.2.1 HUMBER ZONE

The Humber Zone represents the early Paleozoic
continental margin of eastern North America (Rodgers, 1968;
Dewey, 1969; Williams and Stevens, 1974; Williams, 1978) and
extends along the entire western side of the Appalachian
Orogen (Figure 1-2). West-directed emplacement of slope/rise
and ocean floor allochthonous rocks over the continental
margin sequence occurred during the Taconian Orogeny.
Precambrian basement inliers occur along the length of the
Humber Zone. The largest inliers define the Blue-Green-Long
axis (Rankin, 1975, 1976). Deformation within the
Appalachian fold and thrust belt in northwestern
Newfoundland is associated with uplift of the Long Range

Inlier and is the subject of this study.

The western boundary of the Humber Zone is the
Appalachian Structural Front (Williams, 1979). The eastern
boundary is the Baie Verte-Brompton Line; a steep structural
zone marked by ophiolite suites and mélanges (Williams and
St. Julien, 1978, 1982). East of the Baie Verte-Brompton
Line, the orogen is composed of accreted terranes (Williams

and Hatcher, 1983).

1.2.2 ACCRETED TERRANES

The Dunnage Zone represents the vestiges of the
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proto-Atlantic (Iapetus; Harland and Gayer, 1972) Ocean
(Wilson, 1966). Transported ophiolitic rocks of the Dunnage
Zone form part of the Humber Arm Allochthon in the Humber
Zone (Williams, 1978). The Dunnage Zone was accreted to the
Humber Zone during the Middle Ordovician Taconian Orogeny

(Williams and Hatcher, 1983).

The eastern margin of the Iapetus Ocean is represented
by the Gander Zone (Williams, 1964 and 1978). The earliest
Dunnage-Gander sedimentological linkages are late Early-
early Middle Ordovician (Dec and Colman-Sadd, 1990; Piasecki
et al., 1990). A steep fault (Dover Fault) separates the
Gander and Avalon zones. The fault is cut by Devonian
plutons and Gander detritus occurs in Siluro-Devonian cycles

on the Avalon side.

Recent re-interpretation and expansion of the Gander
zone incorporates the Meelpaeg and Mount Cormack subzones
which are interpreted as Gander Zone inliers forming
structural windows through the overthrust Exploits Subzone

of the Dunnage Zone (Williams et al., 1988).

1.2.3 CRUSTAL STRUCTURE

Deep seismic reflection data defines three lower crustal

blocks across the Newfoundland Appalachian Orogen (Keen et

al., 1986; Marillier et al., 1989). A wedge-shaped Grenville
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lower crustal block underlies the Humber Zone and west half
of the Dunnage Zone. A central lower crustal block underlies
the east half of the Dunnage Zone and the Gander Zone. And

an Avalon lower crustal block underlies the Avalon Zone.

The Dunnage Z2one is therefore allochthonous above a
collisional suture between the Grenville and Central lower

crustal blocks (Keen et al., 1986; Marillier et al., 1989).

1.3 GEOLOGICAL DEVELOPMENT OF WESTERN NEWFOUNDI.AND

In western Newfoundland, the Humber Zone consists of
three distinct tectonic elements (Figure 1-3):
1) Precambrian Grenville basement of the Long Range and
Indian Head inlievs;
2) latest Precambrian to Ordovician parautochthonous
rocks:
3) transported rocks of the Humber Arm, Hare Bay and

Southern White Bay allochthons.

The Long Range and Indian Head inliers are predominantly
composed of granitic gneiss with minor anorthosite, marble
and quartzite (Williams, 198%5a; Bostock, 1983; Owen and
Erdmer, 1986). These rocks are inliers of the Grenville
Structural Province of the Canadian Shield. Where affected
by Paleozoic deformation, they are an inteqral part of the

Appalachian Orogen.
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1.3.1 EARLY PALEOZOIC GEOLOGY

A swarm of mafic dykes, the Long Range Dyke Swarm
(Bostock, 1983), cuts the crystalline rocks of the Long
Range Inlier and is dated at 605 % 10 Ma (4°Ar/39Ar
dating, Stukas and Reynolds, 1974).1 Basement rocks are
also overlain locally by basalts (Lighthouse Cove Formation;
Strong and Williams, 1972) coeval with the Long Range Dyke
Swarm. This sequence marks the beginning of a period of
rifting associated with initiation of the Iapetus Ocean
(Strong and Willlams, 1972; Williams and Smyth, 1983;

Williams et al., 19865b).

Crystalline rocks of the Grenville inlier and the
rift-related volcanric rocks are overlain by latest
Precambrian to Lower Cambrian arkosic sandstone (Williams
and Stevens, 1974). The volcanic and clastic rock sequence
shows rapid lateral variaobility of thickness and facies.
These rocks are overlain by a two kilometre thick, Middle
Cambrian to Middle Ordovician fossiliferous carbonate

sequence which was deposited in a shallow water platform

Recently, a more precise U-Pb zircon and baddeleyite age
of 615 + 2 Ma has been obtained for a dyke, correlated with
the Long Range Dyke Swarm, in southeastern Labrador (Kamo et

al., 1989).
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environment (Schuchert and Dunbar, 1934; Knight and James,
1987) . The transition from the rift-related rocks to a
mainly carbonate, essentially layer cake sequence is
interpreted to broadly define the Iapetus rift-drift

transition (i.e., continental breakup; Williams and Hiscott,

1987).

An unconfornity is present in the upper part of the
carbonate sequence between the St. George and Table Head
groups (Klappa, 1980). Dolostone and limestone beds underlie
the unconformity. Massive limestone and shale are present
above the unconformity. The top of the sequence is black
shale with carbonate conglomerate lenses and
west-transgressive sandstone with ophiolitic detritus
(Stevens, 1970). The rocks above the unconformity are
interpreted as a foreland basin sequence and record the
change in depositional environment at the beginning of the
Taconian Orogeny in western Newfoundland (Stevens, 1970:
Jacobi, 1981; Stenzel et al., 1990). This change is a
consequence of the emplacement of the Humber Arm and Hare
Bay allochthons over time-equivalent continental margin
sediments (Stevens, 1970; Williams and Smyth, 1983;

Williams, 1985a).

The transported rocks are a sampling of the continental
slope and rise, seamounts, oceanic islands, oceanic crust

and mantle of the Iapetus Ocean (Stevens, 1970; Williams and
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Stevens, 1974; Williams, 1975 and 1977). The transported
rocks are characterized by the following structural features
related to Ordovician emplacement; 1) recumbent or gently-
plunging and inclined west-verging folds, 2) cleavage
developed subparallel to bedding, and 3) shallow
east-dipping thrusts normally marked by mélange.2
Underlying rocks of the mainly carbonate sequence are
generally unaffected by Ordovician penetrative deformation
(Cawood and Williams, 1988). Only the very upper part of the

autochthonous carbonate sequence, directly underlying the

allochthon, is affected by Ordovician deformation.

1.3.2 MIDDLE PALEQOZOIC GEOLOGY

The western margins of the Long Range and Indian Head
inliers are fault bhounded. Deformation associated with the
uplift of these basement blocks overprints earlier Taconian
structures and is generally characterized by broad open
folds and steeply east-dipping reverse faults (that are not

marked by mélange) with locally pervasive cleavage

The term mélange is defined as a chaotic, heterogeneous
assemblage of unsorted blocks set in a fine-grained matrix,
the larger blocks being of outcrop size (Hibbard and
Williams, 1979).
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development in autochthonous and allochthonous rocks, at a
high angle to the bedding and Taconian cleavage. Regional-
scale footwall synclines and hanging wall anticlines are
particularly well developed in faults west of the Indian
Head Inlier and west of the southern portion of the Long

Range Inlier.

Basement uplift deformed the Cambro-Ordovician
autochthonous sequence, the allochthons, and Siluro-Devonian
sediments on the Port au Port peninsula (see also section
7.3.3). Carboniferous rocks at the Port au Port Peninsula
are unaffected by this deformational event. Therefore,
basement uplift probably occurred during the Devonian

Acadian Orogeny (Waldron, 1985; Cawood and Williams, 17988).

1.3.3 LATE PALEOZOIC GEOLOGY

In western Newfoundland, Carboniferous rocks are mainly
terrestrial red sandstone and conglomerate with local thick
marine sandstone~-shale sequences (Hyde et al., 1988).
Sedimentation occurred in small linear basins above the

Taconian and Acadian deformed zones.

Alleghanian deformation is relatively minor in the
Humber Zone. It is most intense in the White Bay area where
Carboniferous strata are offset by strike-slip movement on

steep faults and locally by west-directed thrusts (Smyth and



13

Schillereff, 1982). The Carboniferous Deer Lake basin is
also cut by high-angle faults and a west~directed thrust
east of Deer Lake places metamorphosed Cambro-Ordovician
rocks and an ophiolite complex above Carboniferous red beds
(Williams et al., 1982). Evidence of Alleqhanian deformation
also occurs on the Port au Port Peninsula where high-angle

normal faults truncate Carboniferous rocks (Williams,

1985a).

1.4 THE NORTHWESTERN NEWFOUNDLAND FOLD AND THRUST BELT

The study area extends from Bonne Bay to Ten Mile Lake

on the Great Northern Peninsula of western Newfoundland

(Figure 1-4).

1.4.1 NOMENCLATURE

The study area has been previously referred to as the
Long Range Structural Front (Williams et al., 1985a: Grenier
and Cawood, 1988). The term Long Range is overused in
western Newfoundland, e.g., Long Range Mountains, Long Range
Inlier, Long Range Complex, Long Range Mafic and Ultramafic
Complex, Long Range Dyke Swarm, and Long Range Thrust.
Therefore, in order to avoid additional terms involving Long
Range, the study area is now referred to as the Appalachian
fold and thrust belt of northwestern Newfoundland (or

northwestern Newfoundland fold and thrust belt) and the
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western limit of deformation is the Appalachian Structural

Front.

1.4.2 GEOMORPHOLOGY

Quaternary glaciation affected western Newfoundland. Ice
movement, perpendicular to the Long Range Thrust, carved
fjords which provide cross-sections of the region. Glacial
till commonly forms small hills and ridges throughout the

study area (Grant, 1969).

Glacial erosion emphasizes the lithological differences
of structural elements along the front. The highland of the
Long Range Mountains is predominantly composed of granitic
gneisses which are relatively resistent to erosion. The
parautochthonous sedimentary sequence is less resistent and
generally forms undulating foothills on the western margin
of the Long Range Inlier. The Humber Arm Allochthon in this
area (north of Bonne Bay) is composed of carbonate
conglomerate and shale. The abundance of shale makes the

allochthon relatively nonresistant to glacial erosion.

From Bonne Bay to Portland Creek Pond, the Humber Arm
Allochthon underlies the flat coastal lowland which extends
10 kilometres inland to the undulating foothills of the Long
Range Mountains. Portland Creek Pond marks the northern

limit of the Humber Arm Allochthon. From Portland Creek Pond
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to Hawkes Bay, the coastal lowland extends 20 kilometres
inland and is formed by low rounded hills. North of Hawkes
Bay, the flat-topped Highlands of St. John tower above the
coast and are capped by the erosion-resistent Hawkes Bay

quartzite which is part of the parautochthonous sequence.

Large "ponds" located in the coastal lowlands are
generally extensions of fjords that are cut into the
highlands. Abundant small streams cascade from the Long
Range Mountains and coalesce to form meandering streams in
the lowlands. Torrent River flows into Hawkes Bay and is the

only large river in the study area.

1.4.3 ACCESSIBILITY

The Viking Highway (Route 430) extends along the west
coast of the study area, thus enabling easy travel from
Bonne Bay to St. Margaret Bay (Figure 1-4). Numerous minor
unpaved roads extend inland between Portland Creek Pond and
Hawkes Bay. A major, well maintained, unpaved road extends
across the Great Northern Peninsula from St. Margaret Bay to
Roddickton and provides access to Ten Mile Lake. Roads are

generally suitable for transport by conventional vehicles.

A motorized canoce provided transport on several lakes
and fjords in the area (e.g., St. Pauls Inlet, Parsons Pond,

Eastern and Western Blue Ponds, and Ten Mile Lake). Caution
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should be used on the larger lakes since frequent strong

winds create dangerous conditions.

The lowlands are generally boggy, or densely forested
with closely-spaced, wind-twisted, spruce trees, locally
called tuckamore. Traversing through tuckamore is slow and
painful. In some areas, small streams provide alternate
pathways through these forested areas. Helicopter transport
was required in a few of the most inaccessible areas (e.q.,
between St. Pauls Inlet and Parsons Pohd, and around Blue

Mountain and the Highlands of St. John).

In Gros Morne National Park, footpaths extend inland
from the Viking Highway to Gros Morne Mountain, Bakers Brook

Pond, and Western Brook Pond.

1.4.4 PREVIOUS WORK

The first comprehensive stratigraphic work on the west
coast of Newfoundland was conducted by Schuchert and Dunbar
(1934) . Johnson (1941 and his numerous unpublished maps),
mapped a large area from Bonne Bay to Ten Mile Lake, and was
the first to discover that the western margin of the Long
Range Inlier is faulted. While mapping from Western Brook
Pond to Portland Creek Pond, Oxley (1953) recognized that
the western margin of the inlier is a thrust and the Cow

Head Group of the Humber Arm Allochthon is repeated by
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thrusts.

Regional geological maps covering the Appalachian fold
and thrust belt in northwestern Newfoundland have recently
been published (Knight, 1985a and b, 1986a, b, ¢, d, e, f;
Knight and Boyce, 1984; Williams et al., 1984: Williams,
1985b; williams et al., 1986; Cawood et al., 1987). These
maps provide the basis for the more detailed and focused

work of the present study.

A colour map, at 1:250,000 scale, has recently been
published for the Humber Arm Allochthoh which extends as far
north as Portland Creek Pond (Williams and Cawood, 1989).
North of Portland Creek Pond, the majority of the previous
work concentrated on stratigraphic relationships. Little
enmphasis was placed on the structural framework of the area.
Fracture zones were mapped as unrelated, high~-angle faults,
with minimal interpretation of the direction, or amount of

movement on these faults.

1.4.5 PURPOSE AND SCOPE

The purpose of this study is to describe the regional
structure between Bonne Bay and Ten Mile Lake, determine the
amount of structural shortening in the area and develope a

model for this part of western Newfoundland.
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This study includes documentation of the structural
features related to emplacement of the Humber Arm Allochthon
and structural features associated with emplacement of the
Long Range Inlier above the autochthonous sequence and
locally above the Humber Arm Allochthon. The time of
formation of these structural features is not well
constrained in the study area. Evidence from elsewhere in
western Newfoundland indicates that emplacement of the
Humber Arm Allochthon and basement uplift occurred in two
chronologically-separate and structurally-different events,

rather than in one progressive deformational event (see

section 7.3).
1.4.6 METHODOLOGY

The study area is 220 km long and approximately 10-20 km
wide, and occupies approximately 3000 km2. Detailed
mapping of this entire area, by one person, during two field
seasons (five months total) is impossible. Specific areas
were chosen for detailed study based on information from
previous work. These areas were chosen at regular
north-south intervals to give a uniform representation of

the Northwestern Newfoundland fold and thrust belt.

Most of the field work for this project took place in
the undulating hills at the foot of the Long Range

Mountains. Inland camps were established at the head of two
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fjords (e.g., St. Pauls Inlet, Parsons Pond), on Eastern and
Western Blue Pond, Leg Pond and Ten Mile Lake. A camp was
also established on the upper part of Black Creek, between

St. Pauls Inlet and Parsons Pond.

Berry Hill and Shallow Bay campgrounds in Gros Morne
National Park, and River of Ponds Provincial Park near
Hawkes Bay, provided comfortable campsites near the Gulf of
St. Lawrence. These were convenient basecamps when working

on roadside outcrops.

Outcrop throughout the study area is poor except for
coastal, lake, fjord, and stream sections. Traverses were
concentrated in these areas, especially along the numerous
small streams, since they tend to flow perpendicular to the

structural fabric and provide cross-sections of the area.

Well exposed structural contacts are rare. Major faults
are generally covered with overburden or hidden by long
narrow lakes. Although covered in most places, map
relationships define faults. The orientation (strike/dip) of
major faults can generally be inferred from associated small
scale faults developed in adjacent outcrops. Further
constraint on fault orientation may be provided by axial-
planar cleavage of thrust related, west-verging folds.
Although rare, cleavage is developed in the vicinity of some

of the major faults.
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Field mapping was conducted on air photos at an
approximate scale of 1:12,500 (available from the
Newfoundland and Labrador Department of Forest Resources and
Lands) and on 1:50,000 scale topographic maps, depending on
the geological complexity of the area. This project involved
the detailed study of many widely spaced areas. These areas
are shown as patterned areas on the accompanying 1:100,000
compilations (Maps 1, 2 and 3, in pocket at back), including
balanced? cross-sections (see Woodward et al., 1989 for
details on balancing cross-sections). Restored
cross-sections (Sheet 3 for Maps 1, 2 and 3) estimate the
amount of horizontal structural shortening of the
northwestern Newfoundland fold and thrust belt. Appendix 1
contains outcrop descriptions, geometrical analysis and
regional correlation of structural elements for the areas
studied in detail. Geological interpretation of these areas

has led to an overall synthesis of the fold and thrust belt.

All cross-sections are line balanced. Allochthonous
portions of cross-sections are area-balanced, since little
control on bed length is available (see Section 7.4).
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CHAPTER TWO

DESCRIPTION OF ROCK UNITS

2.1 INTRODUCTION

For the purpose of this study, the latest Precambrian ser
to Ordovician rift, passive margin, and foreland basin
sequences are divided into lower and upper units (Figure
2-1). This division allows a sharper depiction of faults
that separate these units (Figure 2-2). The units are
informally referred to as the lower (mainly clastic) and
upper (mainly carbonate) parautochthon, or collectively as

the parautochthon.

The term parautochthon is used here for rocks that have
been structurally transported over relatively small
distances (i.e., less than 10 km.), from their site of
deposition. Transport is interpreted as Acadian (see Section
7.3); therefore, when discussing the depositional setting of

this rock sequence the terms lower and upper autochthon

apply.

The lower parautochthon consists of clastics and
carbonates of the latest Upper Precambrian to Lower Cambrian
Labrador Group. The upper parautochthon consists of a

sequence of Middle Cambrian dolostones of the Port au Port
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Group, Lower to Middle Ordovician dolostones and limestones
of the St. George Group, and Middle Ordovician carbonates of
tie Table Head Group. Included in the upper parautochthon
are clastics (Goose Tickle Group, formerly the Goose Tickle
Formation and equivalent units; Quinn, in prep. and Stenzel
et al., 1990) which overlie the Table Head Group and grade
into a mélange (Rocky Harbour mélange; Williams et al.,
1985a) which marks the contact with the structurally

overlying Humber Arm Allochthon.

The portion of the Humber Arm Allochthon located north
of Bonne Bay consists of a series of northeast-trending,
east~dipping and east-facing thrust slices. Imbrication
within the allochthon probably occurred during its Taconian
emplacement (see section 7-~3). Western imbricates contain
the more proximal lithofacies of the Cow Head Group (Shallow
Bay Formation) while the eastern imbricates contain more

distal facies (Green Point Formation; James and Stevens,

1986).

Rock exposure is generally poor in the coastal lowlands.
Strata are generally near horizontal, and only thin portions
of the stratigraphic sequence are exposed over large ar:as
(up to 10 km.). Beds are commonly steeply-dipping in the
undulating foothills of the Long Range Mountains in the
southern part of the study area, where thick portions of the

stratigraphic sequence are exposed over relatively small
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distances (2-3 km.). Stratigraphic thicknesses of units are
difficult to measure in the field as a result of poor
exposure and the horizontal orientation of beds in many
areas. The stratigraphic thicknesses are determined from map
patterns (with topography), local exposed stratigraphic
sections, and taken from other authors (as referenced

below).

The following descriptions are an overview based on
previous work of others (as referenced below) and augmented
by local detailed mapping of the author, with reference to
Appendix 1 and Maps 1, 2, and 3. Localities visited during

this study are indicated by grid references.

2.2 LONG RANGE COMPLEX

2.2.1 NOMENCLATURE AND DISTRIBUTION

The term Long Range Complex was first used by Baird
(1960) for the Precambrian rocks of the Long Range Inlier in
the Sandy Lake area. This definition included all
Precambrian rocks; e.g., granitic gneiss, granitic plutons
and minor quartzite and marble. More recent workers have not
used this term but have used lithic descriptions without an
overall formal name. Bostock (1983) referred to the rocks as
the basement gneiss complex, metamorphosed basic and

ultramafic intrusives, anorthositic suite and granitic

. e et K Cmam
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plutons. Erdmer (1986), Owen and Erdmer (1986), and Owen et
al. (1987) used the following terms: gnheiss complex,
quartzite, marble, and granitoid plutons. The term Long
Range Complex has been used on a regional scale to apply to
parautochthonous Precambrian rocks of the Long Range Complex
(Williams, 1978, 1985a; Williams and Cawood, 1989)., For the
purpose of this study, the Precambrian basement rocks are

referred to as the Long Range Complex.

The Long Range Complex is completely unrelated to
ophiolitic rocks of the Long Range Mafic-Ultramafic Complex

near Cape Ray (Brown, 1976; Dunning and Chorlton, 1985).

The Long Range Complex is exposed in a number of
structural inliers in the study area. The largest of these
is the Long Range Inlier which extends along the entire
eastern side of the study area. Basement rocks are also
exposed in smaller inliers at the head of St. Pauls Inlet,
along the northwestern margin of the highlands of St. John,
and at Ten Mile Lake (Figure 2-2). The Long Range Complex is
parautochthonous, but it is not included in the informal
unit lower parautochthon, because its isolation into a
separate unit highlights the dominant structural trends

within the study area.
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2.2,2 DESCRIPTION

The Long Range Complex is composed of high grade ortho-
and paragneisses, intruded by mafic to felsic plutonic rocks
dated locally at 1130 + 90 Ma (Rb-Sr, whole-~rock; Pringle et
al., 1971) and 1042 + 22 Ma (U~Pb, zircon; Erdmer, 1986).
The northern part of the inlier is interpreted to have a
sedimentary protolith (Bostock, 1983) , while in the southern
part of the inlier orthogneisses are more abundant (Erdmer,
1986; Owen, 1986; Owen and Erdmer, 1986). The paragneisses
are composed of quartzite, pelitic gneiss, marble and
calc-silicate rock. The orthogneisses have a predominantly
granitic composition but range f£rom amphibolite to diorite
and tonalite. The late Precambrian plutonic rocks within the
inlier are mainly granites or granodiorites, but also
contain metagabbro and pegmatitic leucogabbro (Owen and

Erdmer, 1986).

Granulite facies metamorphism was attained in the
southern part of the inlier (U~Pb age of 1250 Ma; Erdmer,
1986) . The rarity of orthopyroxenes in the northern part of
the inlier indicates that granulite facies ccnditions were

barely, and only locally attained (Bostock, 1983).

The products of the peak of metamorphism are commonly
retrograded to greenschist and (lower) amphibolite facies

assemblages (Erdmer, 1986). Retrogression is strongest in
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the eastern part of the inlier and decteases gradually
westward (Bostock, 1983; Erdmer, 1986). Retrogression
affected all rock types and is most obvious in the Long
Range Dyke Swarm (Owen and Machin, 1987) . U-Pb (sphene) ages
for Grenville and Acadian granites cluster around 400 Ma
(Exrdmer, 1986). Incremental 4%9r/39ir indicate the Long
Range Dykes were degassed during metamorphism at ca. 385 Ma
(Stukas and Reynolds, 1974) . These isotopic ages suggest

levonian retrogression (Acadian).

2.3 LOWER PARAUTOCHTHON
2.3.1 DEFINITION AND DISTRIBUTION

The mainly clastic, lower parautochthon is composed of
the Bradore, Forteau and Hawke Bay formations, which form
the latest Precambrian to Lower Cambrian Labrador Group
(Schuchert and Dunbar, 1934, Cumming, 1983; Figure 2-3). In
the southern part of the study area, the lower parautochthon
is distributed in a narrow band (up to 5 km.) within the
undulating hills to the west of the highland of the Long
Range Mountains. In the northern part of the study area, the
lower parautochthon is wide (up to 15 km.) and extends

westward as far as the Ten Mile Lake Thrust (see Figure

2-2).
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2.3.2 DESCRIPTION

LABRADOR GROUP

The basal unit of this group is the Bradore Formation.
Its lithology and thickness wvary throughout western
Newfoundland (Williams and Hiscott, 1987) . In the southern
part of the study area, the Bradore Formation is a thin unit
(less than 10 metres) of fine grained, greenish
quartzo-feldspathic sandstone. It contains rose and blue
quartz near the unconformity with the basement as seen east
of Bonne Bay on the Viking Highway (NTS 12H/5, g.r. 523789;
see Plate 2-~1a). North of Hawkes Bay, the Bradore Formation
is a thicker unit (up to 100 metres) of coarser grained,
reddish arkosic sandstone composed of feldspar and quartz.
Poor exposure of the Bradore Formation in the areas studied

prevents detailed measurepment of sections.

The Bradore Formation is overlain by the Forteau
Formation, which is composed of a basal unit of shale and an
upper limestone unit. The Forteau Formation is capped by the
Hawke Bay Formation which is predominantly a white
cross-bedded quartz arenite with minor argillaceous and
glauconitic sandstone and black calcareous mudstone and
shale. The Forteau and Hawke Bay formations have a
consistent cumulative thickness of approximately 350 metres

as calculated from map patterns and field observations,



Plate 2-1.

a)

b)

<)

d)

Uncgnformaple contact between gneisses of the Long Range Complex (Hlr) and
medium-grained arkosic sandstone of the Labrador Group (€l; Bradore
Formation), on the Viking Highway, east of Bonne Bay (NTS 12H/5, grid
reference 501195).

Contact between the St. George (Osg) and Table Head (Oth) Groups, in
Southwest Feeder, south of Portland Creek Pond (NTS 12I/4:; grid reference
581517) .

Discontinuous bed of limestone conglomerate (Daniel’s Harbour Member, Odh)
within fine-grained black sandstone of the Goose Tickle Group (Ogt), in West
Brook, south of Parsons Pond (NTS 12H/13, grid reference 571321).

Shale beds and ribbon limestone of the Cow Head Group (€Och, Green Point
Formation), at Green Point, north of Rocky Harbour (NTS 12H/12, grid
reference 303037; the cliff is approximately 20 metres high).
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particularly in the following areas; at Gros Morne (NTS
12H/12, g.r. 425935), in upper Black Creek (NTS 12H/13, g.r.
543255), at Inner Pond (NTS 12H/13, g.r.613362), at Blue
Mountain (NTS 12/6 and 12I/5, g.r. 888775) and at the
Highlands of St. John (NTS 12I/15, g.r. 111271). These
calculated thicknesses are consistent with sections measured

in the Strait of Belle Isle area (Cumming, 1983).

2.4 UPPER PARAUTOCHTHON

2.4 .1 DEFINITION AND DISTRIBUTION

The upper parautochthon consists of a sequence of Middle
to Late Cambrian dolostones of the Port au Porxt Group
(Levesque, 1977), Lower to Middle Ordovician dolostones and
limestones of the St. George Group (Knight and James, 1987),
and Middle Ordovician Table Head Group carbonate rocks
(Klappa, 1980; Stenzel et al., 1990; see Figure 2-4).
Included in the upper parautochthon is the Goose Tickle
Group sandstone (formerly the Goose Tickle Formation; Quinn,
in prep.:; also Stevens, 1970) that overlies the Table Head
Group and grades into a mélange (Rocky Harboux mélange;
Williams et al., 1985a, Williams, 1985b) which marks the
contact with the structurally overlying Humbexr Arm

Al lochthon.

In the south, the upper parautochthon is xestricted to
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the undulating hills to the west of the Long Range Inlier
(see Figure 2-2). Between Portland Creek Pond and Hawkes
Bay, the upper parautochthon occupies the lowland west of
the Long Range Mountains and north of Hawkes Bay, the upper

parautochthon is present in a narrow belt along the coast.

2.4 .2 DESCRIPTION

PORT AU PORT GROUP

The Middle to Upper Cambrian Port au Port Group
conformably overlies the Labrador Group (lower
parautochthon). It is composed of a basal unit of grey
dolostone, argillaceous limestone and minor sandstone (March
Point Formation), an intermediate unit of dolostone and
stromatolitic limestone (Petit Jardin Formation) and, an
upper unit of cherty dolostone with stromatolitic dolostone

at the base (Berry Head Formation, see Figure 2-3).

The stratigraphic thickness of the Port au Port Group is
approximately 400 metres (Chow, 1986). Of all the areas
visited within the study area, Southwest Feederxr contains the
best, complete section of the Port au Port Group (NTS 12I/4,
g.r. 596506). The stratigraphic thickness of this section is

about 400 metres.
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ST. GEORGE GROUP

Overlying the Port au Port Group is the Lower Ordovician
to Middle Ordovician shallow water St. George Group which
consists of four formations (see Figure 2-3). The oldest is
the Watts Bight Formation which is composed of dark grey
dolostone with cream coloured patches and cryptalgal mounds.
The Boat Harbour Formation is composed of thin alternating
beds of buff dolostone and grey limestone. The Catoche
Formation is composed of well bedded fossiliferous limestone
with spots of dolomite. At the top of the sequence, the

Aguathuna Formation is composed of light grey dolostone.

The St. George Group is approximately 450 metres thick
where it was mapped on Southwest Feeder (NTS 12I/4, g.r.
582518). This is similar to measured stratigraphic
thicknesses of the St. George Group in western Newfoundland

(Knight and James, 1987).

TABLE HEAD GROUP

The Middle Ordovician Table Head Group overlies the St.
George Group with mild erosional unconformity. The
stratigraphy of the Table Head Group has recently been
revised by Stenzel et al. (1990). Three formations are
recognized in this group, they are, from bottom to top: the

Table Point, Table Cove and Cape Cormorant Formations. The
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Table Point Formation is composed of thick well-bedded grey
fossiliferous limestone. The Table Cove Formation is
composed of thin interbedded limestone and black shale. The
Cape Cormorant Formation is composed of thick beds of

1 imestone breccia of local origin. This formation occurs
only on the Port au Port Peninsula where it directly
overlies the Table Point Formation (e.g., in the Caribou
Brook section, Cawood et al., 1988; Stenzel et al., 1990).
The Cape Cormorant Formation does not occur between Bonne

Bay and Ten Mile Lake.

The stratigraphic thickness of the Table Head Group
varies considerably within western Newfoundland (Stenzel et
al., 1990). Complete sections of the Table Head Group are
not exposed in the areas studied north of Bonne Bay. Partial
sections occur on Southwest Feeder (NTS 12I/4, g.r. 581517)
and on West Brook (NTS 12H/13, g.r. 572319) . An average
stratigraphic thickness within the study area is
approximately 500 metres as calculated from thé map pattern
southeast of the Daniel’s Harbour area. This is consistent
with the average thickness presented by other authors (James

and Stevens, 1986; Stenzel et al., 1990).

GOOSE TICKLE GROUP

The Goose Tickle Group is composed of dark grey shale

and green sandstone (containing ophiolitic detritus) with
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lenses of carbonate conglomerate (Daniel’s Harbour Member,
Stenzel et al., 1990; see Plate 2-1c). Towards the top, this
group is chaotic and contains blocks of sandstone and minor
carbonate and contains ophiolite detritus (Stevens, 1970).
This marks the gradational structural boundary between the
upper parautochthon and the Rocky Harbour mélange which

structurally underlies the Humbexr Arm Allochthon.

The Black Cove Formation is a thin sequence of black
shales that was previously included in the carbonate-
dominated Table Head Group (Klappa, 1980), but is now
included in the Goose Tickle Group (Stenzel et al., 1990 and
Quinn, in prep.). It overlies the Table Cove Formation of
the Table Head Group and its upper boundary is marked by the
green sandstone of the Goose Tickle Group. The thickness of
the Goose Tickle Group varies considerably throughout

western Newfoundland (100 to 1700 metres).

2.5 HUMBER ARM ALLOCHTHON

2.5.1 NOMENCLATURE AND DISTRIBUTION

In the study area, the Humber Arm Allochthon (Stevens,
1970) occurs only in the coastal lowlands between Bonne Bay
and Portland Creek Pond (see Figure 2-2). The exposed
section of the allochthon consists of imbricated slices of

Middle Cambrian to Middle Ordovician limestone breccia,
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ribbon limestone and shale of the Cow Head Group (Kindle and
Whittington, 1958; James and Stevens, 1986),
stratigraphically overlain by Middle Ordovician sandstones
of the Lower Head Formation (Williams et al., 1985a; James

and Stevens, 1986; Figure 2-4).

2.5.2 DESCRIPTION

COW HEAD GROUP

The Cow Head Group is made up of two formations, the
Shallow Bay and Green Point formations which represent
coarse and fine, coeval facies and are interpreted to be
proximal and distal equivalents, respectively (James and
Stevens, 1986). The Shallow Bay Formation, in the west, is
composed of thick beds of very coarse limestone conglomerate
with some ribbon limestone and shale. The Green Point
Formation, in the east, is predominantly green and red shale

with ribbon limestone and minor limestone conglomerate units

(see Plate 2-14d).

Limestone conglomerate beds are fewer and thinner, from
west to east. Therefore a proximal to distal relationship is
preserved across the imbricates at St. Pauls Inlet, Parsons

Pond, etc..

The Cow Head Group occurs in the eastern overturned to
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study area (after James and Stevens,
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steeply inclined limb of a syncline in the footwall of the
Long Range Thrust from Western Brook Pond to Portland Creek
Pond (see section Al.1.4). The limb is thickened as a result
of intense small-scale folding. It is impossible to
determine the stratigraphic thickness of the Cow Head Group
in this limb because of the intense folding and generally
poor outcrop. Coastal exposures of the Cow Head Group are
spectacular. Measured stratigraphic sections along the coast

are approximately 500 metres thick (James and Stevens,

1986) .

LOWER HEAD FORMATION

The Middle Ordovician Lower Head Formation is a thick
bedded greenish graywacke and minor shale, interpreted as a
deep water flysch equivalent of the Goose Tickle Group

(James and Stevens, 1986).

2.6 CONTACT RELATIONSHIPS

2.6.1 LONG RANGE COMPLEX

Along the southern and northern margins, the Long Range
Inlier is, in most places, unconformably overlain by the
Labrador Group. Unconformable relationships are also
preserved locally along the eastern and western side of the

inlier (Plate 2-~la). These areas are: north of Bonne Bay to
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Gros Morne, north of St. Pauls Inlet, east of Parsons Pond,
Blue Mountain, Eastern Blue Pond, and the northern flank of
the inlier near Ten Mile Lake (see Figures 2-2 and 2-3).
However, on the western side of the inlier, crystalline
xocks are predominantly in structural contact with the upper
and lower parautochthon. Just south and north of Portland
Creek Pond, and between Blue Mountain and Ten Mile Lake, the
inlier structurally overlies the Labrador Group. Between
Bonne Bay and Portland Creek Pond, the Long Range Complex
usually structurally overlies the upper parautochthon.
Precambrian basement directly overlies the Humber Arm
Allochthon in two areas: north of Western Brook Pond and
north of St. Pauls Inlet. The small basement inliers at the
Highlands of St. John and Ten Mile Lake are unconformably
overlain by the Labrador Group to the east, and are thrust

over the upper parautochthon on their western sides.

2.6.2 IOWER PARAUTOCHTHON

The lower parautochthon is generally thrust over upper
parautochthon where the Labrador Group occurs in the hanging
wall of the Long Range Thrust (see Appendix 1). Faults
within the lower parautochthon occur in a few areas, most
notably at Lady Worcester Brook (north of Blue Mountain),
where the Bradore and Forteau Formations are thrust over the
Hawke Bay Formation. Conformable contacts, between the lower

and upper parautochthon, are preserved in Black Creek to the
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north of St. Pauls Inlet, south of Portland Creek Pond and

at Hawkes Bay.

2.6.3 UPPER PARAUTOCHTHON

Although not exposed, the original Taconian structural
contact between the upper parautochthon and the overlying
Humber Arm Allochthon may be preserved south of Western
Brook Pond, just south of Parsons Pond, and at Portland
Creek Pond. In most other areas south of Portland Creek
Pond, the upper parautochthon structurally overlies the
Humber Arm Allochthon. The allochthon is absent north of
Portland Creek Pond and the top of the upper parautochthon
is not exposed. A rare, well exposed, and nearly complete
section of the upper parautochthon is exposed on Southwest
Feeder located to the south of Portland Creek Pond (sece
Plate 2-1b and section Al.l.2). Numerous faults occur within

the upper parautochthon south of Hawkes Bay.

2.6.4 HUMBER ARM ALLOCHTHON

Conformable contacts between the Cow Head Group and
Lower Head Formation are preserved within imbricated slices
of the Humber Arm Allochthon. Outcrop in the coastal lowland
is generally poor, except for the coastal area. Shaly
mélange is exposed between imbricates in three places: in an

unnamed creek north of Parsons Pond, at Lower Head (Cawood
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and Williams, 1986) and on the southwest side of St. Pauls
Inlet (Williams et al., 1985a). The presence of mélange
between the slices suggests that imbrication occurred during
Taconian transport and emplacement of the allochthon
(Williams et al., 1985a: Grenier and Cawood, 1988; see
sections 4.1, 7.3 and Al.1.5). This interpretation is
further supported by the preservation of the proximal to
distal facies across the imbricates, which represents
in-sequence thrusts and contrasts with out-of- sequence
basement~involved thrusts in parautochthonous rocks adjacent
to the allochthon (Acadian:; see section 7.3 for further

discussion).
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PART II ~ STRUCTURAL STYLE OF THE FOLD AND THRUST BELT

CHAPTER THREE

QUTLINE OF STRUCTURAL ANALYSIS

The structural style of the study area in northwestern
Newfoundland varies from south to north. Three zones of
contrasting structural styles are recognized (Figure 3-1):
1) a southern zone, where the majority of deformation is
confined to a narrow belt of thrust faulting, with a large
overturned footwall syncline and hanging wall anticline (now
eroded) associated with the Long Range Thrust; 2) a central
zone, where thrusting is distributed over a wider area
marked by numerous faults with opposing senses of vergence;
east~verging thrusts dominate in the southwestern quadrant
of this zone, while west-verging thrusts dominate elsewhere;
3) a northern zone, where shortening is accommodated by
displacement on two widely spaced, west-directed thrusts;
the Long Range and Ten Mile Lake (or St. Margaret Bay)

thrusts.

The geometrical descriptions and correlation of
structural elements are presented in Appendix 1. Regional
geometrical analyses for the southern, central, and northern
zones are presented in Chapters 4, 5, and 6 respectively,

and on Maps 1, 2, and 3.4 The legend (Sheet 2) for these



46

| &
O S e

Newfoundland

SMBT = St. Margaret Bay Thrust

TMLT = Ten Mile Lake Thrust X~y o v

f—— 4 ) v
TRT =Torrent River Thrust gEL 1iBlue Mountain &Q‘
SRT = Starvation Ridge Thrust 5-—5; Nz Qle
BPT = Beliburns Pond Thrust = &)
PCPT = Portland Creek Pond [RIRES.'/"

A et
Thrust lfortlnnd

; '~ ‘ (%)
PPT = Parsons Pond Thrustio B % %" pond Q? LEGEND
<

stratigraphic
contact

thrust fault
early, late

AvZann e
v
HAA
=

up

LP

AV \|
EV,\ ;‘ LRC
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maps and the maps (Sheets 1) are enclosed in the pocket at
back. These chapters are mainly descriptive whereas Chapter
7 is a synthesis of the structural styles of each of the
zones and presentation of a model for the development of the
fold and thrust belt. A two page regional geological map of
the study area, with cross-sections (to 10 km. depth), is
presented in Chapter 7 (see Figures 7-1, 7-~2, 7-3, and 7-4).
Palinspastically restored cross-sections are depicted on

Sheet 3 (also in the pocket at back).

3.1 DOMAINAL ANALYSIS

In addition to the southern, central, and northern zonal
division, the area is divided into geological domains as a
means of presenting relevant orientation and style data in a
consistent and organized manner. Domains are defined as
areas bounded by major faults. Study areas, within a domain,
are generally separated by large distances, which makes the

correlation of structural elements between these areas

difficult.

The maps are for the southern, central and northern
PORTIONS of the study area. The maps are based on
preexisting 1:50,000 scale topographic maps, and do not
exactly correspond with the structural ZONES.
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The study area is divided into seven domains as follows

(Figure 3-2):

DOMAIN A) Precambrian basement and its cover sequence

DOMAIN

DOMAIN

DOMAIN

DOMAIN

DOMAIN

DOMAIN

B)

c)

D)

E)

F)

G)

located east of the Long Range Thrust;
parautochthon located between the Long Range
Thrust and the Humber Arm Allochthon; in the
central zone (where the allochthon is absent) the
western limit is the Parsons Pond Thrust which is
the most westerly east-dipping thrust in the zone:
mélange which marks the base of the Humber Arm
allochthon;

rocks within the Humber Arm Allochthon;
parautochthon between the west-verging Parsons
Pond Thrust and the east-verging Torrent River
Thrust;

parautochthon (including Precambrian basement)
between the Ten Mile Lake Thrust and Torrent River
or Long Range thrusts;

upper parautochthon west of the Ten Mile Lake

Thrust.

Most domains occur in more than one zone, for example,

Domain A is present in all three zones and Domain B occurs

in the southern and central zones. The geology of the

domains is described in detail in Appendix 1.
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Figure 3-2. Structural domains within the study area.
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Structural elements show local variations within
domains. To highlight these variations the domains are
subdivided along strike and where necessary across strike.
The subdivisions are labelled by: ascending numbers from
south to north (along strike) and lowercase letters from
east to west (across strike). For example, domain B has nine
along-strike subdivisions which are labelled as B-1 (most
southern) to B~9 (most northern). Each subdivision of a
domain is internally consistent with respect to the
orientation of structures.?® stereoplots6 of poles to
bedding and cleavage for these domains are located on Maps

1, 2 and 3.

3.2 STRUCTURAL ELEMENTS

Structural terms describing folds, and terms such as
slickenside, slaty and fracture cleavage, etc., are used as

suggested by Hobbs et al. (1976). Folds are classified by

Note: the subdivisions are actually subdomains, but they
are referred to as domains in the text, e.g., domain F-2c is
a subdomain of domain F.

6
The stereoplots are equal-area, lower hemisphere

projections. Where warranted, Bpoles are calculated as the
mean value of the intersections of bedding or cleavage.
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the orientation of hinge lines and axial surfaces. Further
classification of folds is based on fold closure as

indicated by the interlimb angle.

The terminology for faults is based on the orientation
of the fault surface and on the type of displacement on the
fault, i.e., dip-slip or strike-slip displacement, following
Hobbs et al. (1976). Thrusts are also classified by their
sequence of development. Out-of-sequence thrusts are those
thrusts which do not obey the foreland propagating or
in-sequence deformation style (Morley, 1988). Further’
classification of faults in thrust belts is presented in

Section 7.2,

Detailed descriptions of structural elements are
presented in Appendix 1. Overprinting relationships are
highlighted in order to establish the relative time of
formation (or generation) of tnese structures. Appendix 1
also contains the regional correlation of the generations of

structural elements throughout the area.

To facilitate the correlation of temporal relationships
between structural elements, the following notation is
observed: D; and D, for deformational events one and
two. A corresponding notation is used for associated
structural elements. For example, F, folds are related to

the first deformation, S, cleavage is related to the
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second deformation, etc. Predeformation features also follow
this notation, e.g., bedding, (Sg) and synsedimentary

folds (Fgp).

Figure 3-3 illustrates the overprinting relationships of
different generations of folds and cleavage that were
observed in the area. First generation structural elements
(D;) occur mainly in the southern zone, but where
overprinting relationships are observed, F, everywhere
overprints F, (see section Al.l). The consistency of the
overprinting relationships strongly suggests the presence of
sequential structural elements, but may result from one
progressive deformational event (Hobbs et al., 1976). For
example, movement on a thrust fault may produce a footwall
syncline with a fold axis that is parallel to the strike of
the fault (see Figure 3-4A). The irregular nature of the
fault may result in further folding of this syncline about
an axis which is oblique or perpendicular to the strike of
the fault (see Figure 3-4B). Thus a footwall syncline may be
formed and refolded during one progressive deformational
event. The secquence of development of these folds is not
necessarily consistent. Overprinting relationships such as
this were not observed in the areas studied. Folds developed
perpendicular to the strike of a fault can also predate the
footwall syncline. Thus, folds of different orientation, but
same generation are distinguished from each other by

lowercase letters, e.g., F,, and F,, (see Figure 3-4).
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Figure 3-3. Interpretation of fold development within
the study area (see Appendix 1 for descriptions and
correlation of these folds).
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thrust plane
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hanging wall anticline

curved thrust plane

footwall syncline

Figure 3-4. Schematic diagram illustrating: A) the
development of footwall syncline (F23), and B) synchronous
flexing of this syncline about an axis (Fyy) perpendicular
to the ivotwall syncline.
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The regional-scale folds are distinguished from each other
only by their orientation. For example, F, folds that are
parallel to the trend of the Long Range Thrust are labelled
as F,, and those perpendicular to the thrust as F,),

folds. This labelling does not imply a sequence of

development for the folds.

The two generations of regional deformation structures
recognized throughout the area (D; and D,) are
ultimately interpreted to be related to the Taconian and

Acadian orogenies (see Section 7.3).

3.3 NOMENCIATURE OF MAJOR FAULTS IN THE STUDY AREA

The Long Range Thrust outcrops in West Brook and was
named by Oxley (1953) and subsequently mapped throughout the
southern zone (Williams, 1985a) and farther north to Ten
Mile Lake (this study, Grenier and cawood, 1988). The
Parsons Pond Thrust was recognized in the southern zone by
Williams ot al. (1985) and named by Williams et al., (1986)
and extends north to the Blue Mountain area (this study).
The Portland Creek Pond and Bellburns Pond thrusts are named
in this study. The Torrent River, Starvation Ridge, and Ten
Mile Lake faults were named by Knight (1986a, 1986c, and
1986f) and interpreted as thrusts in this study. cawood
(1988) named the St. Margaret Bay Thrust which was

interpreted as a thrust by Grenier and Cawood (1988).
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CHAPTER FOUR
REGIONAL GEOMETRICAL ANALYSIS OF THE SOUTHERN ZONE

4.1 INTRODUCTION

The southern zone extends from Bonne Bay to Portland
Creek Pond (Map 1) . To determine its structural nature the
following areas were chosen for study: the viking Highway
near Gros Morne, brooks to the south and north of Western
Brook Pond, the eastern part of St. Pauls Inlet, East Creek,
Black Creek, West Brook, Parsons Pond and Inner Pond, East
Brook and an unnamed stream 5 kilometres farther north, and

Southwest Feeder (Figure 4-1, and outlined areas on Map 1).

The Humber Arm Allochthon extends along the entire
length of this zone and consists of imbricated slices of
deep marine sediments. Faults within the allochthon are
generally steep, although its basal fault is interpreted as
gently-dipping since the allochthon structurally overlies a
mostly flat-lying portion of the parautochthonous sequence.
Extensive mélange is preserved in the Rocky Harbour area of

the southern iohe.

Detailed descriptions and correlation of overprinting

relationships of structural elements in this zone are
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Fiqure 4-1. Location map of the southern zone,
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presented in Section Al.1 and summarized in Table 4-1 and in

the following few pages.

Predeformation slump folds (F,; Plate 4-1la; see
Section Al.1.4 for the distinguishing features of these
folds) are present at a number of localities in the
allochthonous rocks of the Cow Head Group (e.g., at West
Brook and Westexn Brook Pond). Tight, plunging-inclined,
west-verging asymmetrical folds (F,: Plate 4-1b) occur
within the allochthon and basal mélange throughout the
southern zone (Coniglio, 1986). Axial-planar cleavage (S,)
associated with these tight folds (F;) is generally
subparallel to bedding and is best developed within the
basal mélange and the shaly allochthonous units. Mullions
(FJ_; rare) and cleavage (S5, developed subparallel to
bedding) occur within the Goose Tickle Group at the top of
the upper autochthon, e.g., on Black Creek, West Brook, and
Southwest Feeder. These structural elements are restricted
to the stratigr