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Abstract

Rocks of two major sedimentary facies, shelf and
eugeosynclinal, outcrop in the most northern part of
Newfoundland. The area is similar in geological setting
to the west coast of Newfoundland where the juxtaposition
of two such facies of equivalent ages has been the sub ject
of much discussion.

Strata of the shelf facies occur in three units:

1) Lower and Middle Ordovician limestones, (St. George

and Table Head Formations) forming the western half of

the region; 2) Middle Ordovician shale and greywacke,
(Goose Tickle Formation) lying to the east of the limestone;
3) clean white Cambrian (?) sandstone restricted to islands
off the east coast.

Eugeosynclinal rocks lie to the east of the limestone.
Black and green shale of the Lower Ordovician Northwest
Arm Formation is contemporaneous with the nearby limestone
but is surrounded by faults. The remainder of the eugeo-
synclinal rocks lie further east in two thrust slices, one
on top of the other. The lower slice consists of volcanic
rocks, greywacke, and shale whereas the upper slice is
composed of volcanic rocks intruded and metamorphosed
by peridotite.

Intensity of structural deformation increasses from
west to eést but also varies with the lithologies involved.

The massive limestones are gently folded whereas the volcanic




and clastic rocks in the east are more tightly
folded, and are overturned towards the west. In
addition to the major thrust planes that underlie
parts of the eugeosynclinal group several smaller
thrusts cut the shelf rocks. Movement of the thrust
slices was towards the northwest. The eugeosynclinal
rocks are thought to have originated 60 km to the
southeast and to have been moved to their present

position by gravity sliding.
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INTRODUCTION
The problem

In the northern segment of the Appalachians, rocks
of three main faclies were deposited during the Cambrian
and Ordovician periods. They are:

1) Quartz sandstone-carbonate facies = shelf facies
2) Shale with thin limestone and limestone breccia beds

= miogeosynclinal facies
3) Greywacke shale and volcanic beds with ultrabasic

intrusions = eugeosynclinal facies,

The stratigraphic and structural relationships of
these facies have long been puzzling. The beds of the
shelf faciles are flat lying or gently folded whereas those
of the eugeosynclinal faciesvare highly folded. Thrust
faults are known throughout the area but the extent of their
movement 1is the subject of much speculation. Patches of
eugeosynclinal strata in New England and Newfoundland are
completely surrounded by beds belonging to the orthoquart-
zilte-carbonate facies, The problem is to discover whether
or not these strata were deposited in their present position,
and if not, the mechanism of their emplacement,

If the eugeosynclinal beds were laid down where they
are at present then a complicated stratigraphic history
with very abrupt facies changes is required. If on the
other hand, they have slid or have been thrust into their

present position, it 1is necessary to invoke a mechanism

(1)
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of long distance tectonic transport and to find a suit-
able source area for the beds. Both solutions present
difficulties.

The earliest ideas developed in the New Englend
area were that the various strata were deposited in the
areas they now occupy and that sudden facies changes
separated the facies., The first controversy over the
facies arose when Ulrich (1902) suggested that the
Taconic sequence (shale with thin limestone and breccia)
had been deposited in a separate basin from the sur-
rounding Champlain sequence (orthoquartzites and carbon-
ates). In Ulrich's paper, thrusting was only implied.,
Ruedemann .(1909) was the first to propose (definitely)
that the Taconic strata had been thrust into their present
location. Because of the lack of an obvious source srea
and the long distance the beds must have been transported,
Lochman-Balk (1956) and Bucher (1957) have argued against
this explanation and have tried instead to fit all the
beds into one succession with lithologies changing suddenly
with time (vertically) rather than laterally. Zen (1961)
favoured the thrust hypothesis because in the northern
end of the Taconic Mountains newly discovered fossil
evidence indicated that there were two separate contemp-
oraneous sequences without intermediate facies. The
structures he found were consistent with the hypothesis
that the miogeosynclinal strata form a klippe which had

been thrust over the shelf sequence.

(2)



It is only recently that the same arguments have
been applied to the eugeosynclinal strata of Newfound-
land, Rodgeﬁs and Neale (1963) compared the strata on
the west coast of Newfoundland to the beds found in the
Champlain valley amd the Taconic Mountains. On the basis
of thel - similarity they enlarged upon a suggestion made
by Johnson (1941) and Kay (1945) that the eugeosynclinal
beds had been thrust over the shelf rocks. They concluded
that the eugeosynclinal rocks in Western Newfoundland
formed a klippe similar to that in the Taconic area.

In the same paper Rodgers and Neale suggested that
the clastic beds found in the northeast part of the Great
Northern Peninsula formed a second klippe. Their evidence
- was taken from a report of the geology.of Hare Bay by
Cooper (1937) and of Canada Bay by Betz (1939). The area
north of Hare Bay :.:ic’. forms a large part of this second
klippe and has not previously been mapped in detail.

The purpoég of thga present investigation is to
examine the stratigraphj and structure of the region
north of Hare Bay with particular emphasis on facies
relationships and thus to test the validity of Rodgers

and Nealeg hypothesis in this northern area.

Acecess

St. Anthony 1s connected by road to Desr Lake which

is both the nearest point on the Trans Canada Highway and
(3)



e
-

PISTOLET BAY AREA

Cape Norman Zg Q

/ Cooks ’p
Harbour
/ )

Harbour

u:s% coaﬁép

0."- Lake

St Anthony

Goose Cove

Roads

built before 1964 —_—

under construction in |96 4 == =

St Anthgny .
LA -

SCALE IN KILONETRES,
Qr1234S
S T W N -



the nearest railhead. Branch roads within the St.
Anthony region lead to the maln villages as can be seen
on fig 2 (the map opposite). Eastern Provincial Airways
runs a twice weekly air service from Gander to St. Anthony

and the Canadian National Steamships call at St. Anthony
and several of the villages round the coast.

The west and mnorth coastlines can be followed on
foot without any difficulty but cliffs and scrub make
parts of the eastern and southern coastlines hard to
follow. The interior of the western part of the area
is bare rock or gravel and is easy to walk across but
further east thick bush makes travelling slow, South of
Pistolet Bay muskeg and lakes make walking tiring and slow.
The White Hills are difficult to climb because of bush
but onee on top walking is very easy because it is flat
with no vegetation. Much of the eastern part of the area
has thick bush in the bottom of the valleys and this makes

traversing the country very slow. Foot paths exist between

most of the villages but they are often difficult to find.

Relation of topography to geology

The western part of the area is flat lying land about
20 m above sea level., The barren section adjacent to the
west coast is the outcrop area of the dolomite of the
St. George Formation, whereas the thickly wooded area

immediately to the east is underlein by the limestones

)



Fig.- 3

&/

PISTOLET BAY

04527
=g
Cooks Harbour

PISTOLET BAY

Scattered
THE YHITE

50% Scattered

E xposure

AREA

Lo

.___E>,2:

SCALE IN KILGNETRES,
0/234S
)



of the Table Head Formation. A NNE-trending escarpment
separates\the area just described from the flat marshy
lénd south of Pistolet Bay which is almost devoid of
outerop because the bedrock is soft shale of the Goose
Tickle and Northwest Arm Formations. Further to the
east and south are the White Hills, the highest land in
the area, which are underlain by peridotite and assoc-
iated metamorphic aureole. In the northeast segment

of the area undulating lowlands rising no higher than
80 m are where greywaqke and shale of the Maiden Point

Formation outerop,

Exposure

Exposure (Fig. 3) just inland from.the west coast
is continuous. Further to the east, on the other hand,
the land is thickly covered by vegetation except around
Cooks Harbour where it is rubble covered. No exposures
are found south of Pistolet Bay except in streams and
even then only rarely. The top of the White Hills is
bare rock but on the sides expoesures are found only in
the streams, sometimes in ebundance and sometimes very
scattered, In the northeastern part of the area, just
inland from Pistolet Bay, the exposure is virtually non-
existant but further east sandstones are exposed on the
ridges and near the eastern coastline the exposures are
small but not infrequent. Along the coastline the exposure
1s nearly continuous except in the Pistolet and Islet Bays

where stretches of good exposure are separated by mud flats.

(5)



Map coverage of the area

Topographic maps (1 2 50,000 and 1 : 250,000) are
available for the whole area.

The geology was plotted on maps with a scale of
1 : 50,000 except for the west coast and Pistolet Bay

where a larger scale was used.

History of investigation

The first geological information on the northern
tip of Newfoundland was provided by Richardson (in Logan
1863). He noted the limestones on the west side of Plstolet
Bay and the shales within the bay. He also reported the
volcanic beds and thick sandstones in Milan Arm.

Schuchert and Dunbar (193L) made a study of the
geology of western Newfoundland. They made only brief
mention of the beds in Pistolet Bay but thelr descriptions
of the beds on the west coast of Newfoundland have proved
very useful for correlating the beds in the area of this
report with the better known areas to the south.

Cooper (1937) studied the geology around Hare Bay
and mapped as far north as Pistolet Bay and St. Lunaire
Bay. Although much of his mapping was of a reconnaissance
nature, his work outlined the structure and stratigraphy
of the region. He recognised all the formations used in
this report (except the Bradore Formation the outcrops of

whioch are not found in the area he mapped). He thought

(6)
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that the beds formed a continuous sequence, the St. George
Formation being the oldest and the Goose Cove the youngest.
The Northwest Arm Formation he suggested was a local facies
of the Goose Tickle Formation., His most important struct-
ural discovery was the Hare Bay thrust along which he con-
cluded there had been a displacement of 11 miles (16 lm).

Betz (1939) mapped Canada Bay, 70 km to the south
of St. Anthony on the east Side of the Great Northern
Peninsula. The lithologies and structures are similar
to those of the Hare Bay area, and the beds there form
the southern part of the northeastern klippe proposed
by Rodgers and Neale (1963). ‘

Kindle (1945) collected fossils from the St. George
and Table Head Formations in Pistolet Bay. The lithologies
of the two formations are in many places very similar and

it was largely because of his work that it has been
possible to map them as separate units.

The Patino Mining Company mapped the geology of the
Wh;te Hills Iin detaill and investigated the mineral possibil-
ities, (Shepherd 1962).

The present work was begunm in 1963 and the field work
was completed in 196li. The author was the first to map
the area in detail and this led to the discovery of the
Raleigh thrust and to a much more detailed knowledge of
the stratigraphy. Most significant was the discovery of
graptolites of Lower Ordoviclian age in the Northwest Arm

(7)



Formation which indicated that this is coevsl with the
St. George Formation and thus that two sequences are

present as predicted by Rodgers and Neale (1963).
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STRATIGRAPHY

Introductory statement

The beds in the Pistolet Bay area have been divided
into two sequences, shelf and eugeosynclinal, on the
baslis of their facies, and on their stratigraphic and
structural relationships to each other.

The shelf sequence contains four formations. The
lowest, the Bradore Formation is Lower Cambrian and con-
sists of quartz sandstones which outcrop on islands off
the east coast. Lower Ordovician shallow water limestone
and dolomite referred to as the St. George Formation
crop out on the west coast south of Cape Norman. These
are conformably overlain by the Middle Ordovician Table
Head Formation which is sn argillaceous limestone without
shallow water features. Lying above this and in sedi-

mentary contact with it are shales and greywackes of the

. Goose Tickle Formation which is also Middle Ordovician.

It can be seen that formations form a sequence which was
deposited in progressively deepening water. The sequence
represents both shelf and mlogeosynclinal facies but will
be referred to as the shelf sequence, and is autochthonous.
The beds of the eugeosynelinal sequence are all in
fault contact with the beds of the shelf sequence. Three

formations belong to the eugeosynclinal sequence. The

(9)




earliest, called the Goose Cove Formation, is Lower
Ordovician or older volcanic material metamorphosed

by the intrusion of peridotite. The formation outcrops
on the White Hills, Greywadke, slate and volcanic beds,
which are thought to be younger than the Goose Cove
Formation but still Lower Ordoviciesn er older, form

the eastern part of the area and are called the Maiden
Point Formation, The youngest beds in the eugeosynclinal
sequence, the Lower Ordovician black and green shale and
greywacke of the Northwest Arm Formation, occur as fault
slices in the Goose Tickle Formation.

The stratigraphy is summarised in Table 3.

The Autochthonous Sequence

Bradore Formation

The Bradore Formation was named by Schuchert and
Dunbar (1934, p.l7) and corresponds to Division A of
Logan (1863). The type section at Bradore in Labrador
consists of red arkose and quertz sandstone. White
arkosic sandstone, thought to belong to the Bradore Form-
ation because of lithological similarity, forms the White
Islands six km due east of Quirpon and small islands nearer
the coast. ! b EQWYZ?W

The sandstone is white or very pale green with some
pale pink grains of feldspar. The average grain size is

1l m and the maximum is 2 mm. The grains are well rounded

and the sandstone is well sorted. Bedding is very regular

(10)




and individual beds can be traced across the island.
The beds range in thickness from 15 to 60 cm and each
has a sharp upper and lower contact. Pale green partings
separate some of the beds. Between the two largest islands
seen on the map (Fig.36) is a band of black sandstone in
the middle of which occurs a black phyllitic slate bed.
It contains quartz grains commonly the same size as those
in the sandstone. Many small patches of iron staining
in the slate may be due to weathered pyrite.

It is estimated that 700 m of beds are present on
the island but neither top nor bottom of the formation

was seen in this area.

Age and correlation » 2

K

No trace of fossils€;;§ seen in the White Islands.

The only thick sequences of clean sandstones known
in this area of northern Newfoundland are the lower
Cambrian beds of the Bradore Formation. In the type
section in Labradore, Schuchert snd Dunbar describe the
beds as follows:

"The Bradore sandstone is made up almost entirely
of reddish arkose and sandstone with some small con-
glomerates. In general it is coarsest and reddest at
the base, some of the upper members being fairly pure

quartz sand of pink or even light grey colour."......

(11)




"These red sandstones are capped by a conspicuous white
fine grained sandstone 15 to 25 feet in thickness."
The thickness of the Bradore Formation in Labrador is
90m.

Betz has described the lower Cambrian beds of the
Cloud Mountains Formation in Canada Harbour 115 km to the
South as follows:

"The Cloud Mountains Formation is composed largely
of moderately fine grained sandstones of red, purplish
or brown colour. Interstratified with the sandstones
are dark red to black quartz conglomerates." (Betz, 1939,
p.1l2).

Betz measured this formation and found it to be
585 feet (195 m) but Murray'!s division A of the Potsdam
Group (Lower Cambrian) measured in the same area is quoted
as 2000 feet (650 m), (Murray 186L).

The lithologies are not exactly comparable. In the
White Islands the sandstone is white, not red, and there
are no conglomerates, The only other thick sandstone
succesgfbggfzggfgfglgreywackes. Kindle (1945, p.3)
attributed the rocks of the White Islands to the Lower
Cambrian and Baird in his 1954 map of Newfoundland also
suggested they were Cambrian. The writer agrees that
beds on the White Islands are best correlated with the

Lower Cambrlan Bradore Formationm.

(12)




|
|
|

St. George Formation

The St. George Formation may be said to consist
of limestones and dolomites of Lower Ordovician age in
western Newfoundland., The type section of the formation
is at St. George Bay in southwestern Newfoundland. It
was first named by Schuchert and Dunbar (193l, p.l6) and
corresponds to division D - I of Richardson (in Logan
1863).

The St. George Formation outcrops along the west
coast from Cape Norman southward for 65 km. Richardson
(in Logan 1863) considered these beds to belong to
divisions E, F, G, and H (only the last two outerop within
the area discussed in this report). Richardson allocated
the beds on Schooner and Burnt Islands to divisions H and I.

Cooper (1937) thought the limestones in Hare Bay
were equivalent to the St. George and Table Head formations
but in the areas where his and the author's maps overlap
no St. George beds are found.

Kindle (1945) collected fossils from all but one of the
outcrop areas of the St. George Formation.

The largest outcrop of the St. George Formation is
in a belt about 3 lm wide along the west coast. (Fig. l).
Outcrops of about 3 sq. km are also found on Schooner
and Burnt Islands., Smaller exposures occur on Bolsee
Island and Peninsula and a thin fault slice on the eastern

side of Cooks Point.

(13)
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The St. George Formation is best exposed between

Cape Norman and Boat Harbour where about 100 m of beds

outcrop. Although neither the top nor the base is+ seen
here, the beds are thought to belong to the upper part
of the St. George Formation because of lithological

¢ similarities with the upper part of the type section.
The lower 50 m are mainly grey weather ing medium

grey limestone but a few cream weathering.dolomite beds
are present. The limestone is mostly micrite, calcilu-
tite and calcisiltite with scattered fossils, but there
are a few lenses of biomicrite, and calcirudite and

calcarenite are also present, The beds of the lower

part are characterised by abundant algal structures
(Plate ly). Intraclast breccias are common and desiccation
cracks occur in some of the beds,

The upper 50 m of the St. George Formation on the

west coast has been dolomitised. The junction between

dolomitised and non-dolomitised beds is irregular and
does not follow any stratigraphic horizon. The dolomite
beds are brown weathering and have a saccaroidal texture
and feel., Vugs, often lined with white crystals of
dolomite are common.

All the other exposures which have yielded lower
6rdoviclan fossils (except a small slice near Cooks

Polnt) are visibly overlain by the Table Head Formation

(14)
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and thus definitely belong to the uppermost part of

St. George Formation, The exposures on Boisee Peninsula
and on Boisee and Schooner Islands consist of light grey
limestone, indistinguishable from that of the Table
Head Forﬁation, followed by about 10 m of interbedded
creamy weathering dolomite and grey limestone, The
highest dolomite bed is arbitarily taken as the top of
the St. George Formation. The junction is gradational
and there is no sign of a disconfofmity, although else-
where in Newfoundland the St. George and Table Head
formations are separated by disconformity.

No dolomite beds are present on Burnt Island but
the limestones in which Kindle (1945, p.5) founﬁ Lower
Ordovician trilobites are white weathering at the bottom
and mottled, slightly dolomitised at the top whereas
the overlying beds of the Table Head Formation in whaich
Middle Ordovician fossils occur are grey weathering dark
limestone. Kindle thinks the junction is a disconformity
but the junction appears to the author to be conformable.

The calculated thickness of the beds on Burnt
Island is 65m,

(15)
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Paleontology

Fossils are abundant in the limestones of
the St. George Formation on the west coast but they
are rare elsewhere in this farmation. Only partial
outlines of fossils can be found in the dolomitized
beds., Trilobites are common and tend to occur

abundantly in lenses., Bathyuriscus timon Billings

is present in large numbers but only the thorax and
pygidium can be found. Cross sections of cephalopods
are common but the fossils are difficult to extract.
Stromatolites are common along the west coast.
They usually occur in colonies with individual
stromatolites about 75 cm in diameter and 50 cm high,
All fossils collected by the author are now
at the University of Ottawa with the exception of the
conodonts which are in the possession of C.R. Barnes

at the University of Waterloo.

(16)



Kindle (1946) recordgqthe following fossils from the

St. George Formation.

e e« ar 1e a

Bathyuriscus timon (Billings)

Bathyurellus marginatus (Billings)

fraturnus (Billings)
glandicephalus (Whitfield)

Bobbocephalus sp,

Gignopeltis rara (Billings)

SRR R R SN

Illaenus fraturnus (Billings)

Niobe sp,

Onchonotus globosus (Billings)

Petigurus nero (Billings)

The author found

Bathyuriscus timon (Billings)

Illaenus fraturnus (Billings)
Petigurus nero (Billings)

Other fossils found by the author and identified by

H., Whittington
Murchisonia simultrix (Billings)

Ophileta sp,.
several cephalopods both straight and coiled.

These fossils suggest a Lower Ordovician age for the

St. George Formation.,

(17)
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The following conodonts, found in the outcrop of

the St. George Formation on the west coast just north

of Board Harbour, were identified by C.R. Barnmes. w

Acodus oneontensis Furnish ;

sp.
Acontlodus staufferi Furnish

n. sp.

Distacodus sp. aff. D. stola Lindstrdm

Drepanodus arcuatus Pander
concavus (Branson and Mehl)

homocurvatus Lindstr8m

pandus (Branson and Mehl)

parasllelus Branson and Mehl

simplex Branson and Mehl

sp.
Oepikodus sp. cf.0"equidentatus Ethington and Clark

Scandodus n. sp.

Scolopodus cortuniformis Branson and Mehl

filosus Ethington and Clark
quadriplicatus Branson and Mehl

sp. ¢f. S triangularis Ethington and Clark

n. sp.

sp.
Ulrichodina n. sp.

sp.
This conodont assemblage suggests an upper Lower
Ordovician age for the beds on the west coast. (Barnes

personal communication).

(18)
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Age and correlation

The beds described above contain lower Ordoviecian
fosslils and may thus be correlated with the St., George
Formation. The Table Head Formation conformably over-
lies the St. George Formation thus reaffirming the
Lower Ordovician age of the beds and suggesting that
these probably correspond to the upper part of the St.
George Formetlion. The beds at and south of Cape Norman
are also thought to belong to the upper part of the
St. George Formation because of the conodonts found in

then.

Table Hoad Formation

Richardson (in Logan 1863) assigned the beds east
of Cape Norman to divisions Nl and N2. Most of the
beds on Burnt Island he allocated to division M2.

Cooper (1937, p.7) found beds belonging to this

formation in Hare Bay but did not map far enough narth

‘to encounter them in Pistolet Bay. He noted the small

patches of limestone on Hare Island, at Locks Cove and
north of Howé Hasrbour. Thesg he placed in his Hare
Island Limestone which he correlated with the Table Head
Formation.

Kindle (1945) collected fossils from many of the
limestones in Pistolet Bay and thus separated those beds
of Lower Ordovician age, (St. George Formation) from those
of Middle Ordovician age (Table Head Formation).

(19)
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The Table Head Formation outcrops in a belt running
southwest from Cooks Point, and on Schooner and Burnt
Islands (Fig. 6). Smaller exposures are found on Boisee
Peninsula, Hare Island, Locks Cove and north of Howe
Harbour. Gillis (1965) thinks there are exposures of
the Table Head Formation near Quirpon.

Wherever exposed, the beds of the Table Head
Formation are fine grained, blue grey or tan limestone
which weathers blue grey. The beds on Cooks Point,
and the northern parts of Schooner and Burnt Islands
weather to a hackly surface whereas those further
south weather to a sﬁooth surface along the coast.
Inland the formation weathers to an angular gravel.

The bedding is commonly massive and in many places
lacks visible stratification. The remains of algal
mats are locally the only indication of the bedding.
Intraclasts were noted only at one place and no
sedimentary structures were seen,

Shale lenses occur with the limestone 1in
Wild Bight and just to the south of Cooks Harbour.

The two in Wild Bight are calcareous and very fossil-
iferous whereas those south of Cooks Harbour are not.

It is thought that these shale lenses indicate that

the beds in which they are found belong to the upper-
most part of the Table Head Formation because shale beds
overlie the formation in this area and because in

the type section the beds become more argillaceous

higher in the section.

(20)



The base of the formation rests conformably on
the St. George Formation and is visible on Schooner
and Burnt Islands and on Bolsee Peninsula, The top
of the Table Head Formation is disconformably overlain
by the shales of the Goose Tickle Formation. This
contact can be seen on the southern part of Schooner
and Burnt Islands and on the west side of Pistolet
Bay (Plate 5)., The bedding in both formations is
parallel but the shale fills cracks in the limestone,

The section of the formation on Burnt Island is
30 m thick but faulting makes this figure unreliable.
A similar thickness is found on Schooner Island where
the beds are also much faulted., In both places the
lower and upper contacts of the formation are seen,
An apparently greater thickness is present between
Wild Bight and Cooks Point but the succession lacks
stratigraphic control, the bedding is poorly marked
and there are numerous faults,

It is often impossible to distinguish Table Head
beds from those of the St, George Formation in small
outcrops without the aid of fossils, The Table Head
beds lack dolomite and shallow water features., The
presence of shale lenses suggest that beds belong to
the Table Head Formation.

(21)



Paleontology

Fosslls are rare in the Table Head Formation except
in the two calcareous shale lenses in Wild Bight where they
are plentiful. Fossils are relatively abundant along the
road to St. Anthony Jjust west of the junction with the

Cooks Harbour road.

Kindle (1965, p.7) reported the following trilobites

from the Table Head Formation.

Agnostus Billings
; Anisopetus glacialis Billings
é Aporthophyla aurora Billings
é Illaeus consumilis Billings
g Pseudonera barrandei Billings
{ Nileus scrutator Billings
Rabergla schlotheimi Billings

Raphiophorus semicostatus Billings

Telephus americanus Billings

Triarthus fisheri Billings

The author found the following fossils which
were identified by H. Whittington.

Agnostus sp.

Illaenus fraturnus Billings
Nileus scrutator Billings
Triarthus fisheri Billings

(22)



The fellowing fossils were also found and

identified by the author

Strophomena cf auroa Billings
Pleurothis of convexa Cooper
Orthis delicatula:: Cooper
Murchisonia augusta Billings

Ostracods were found in material which is lithologically
identical to the Table Head limestone in the limestone
breccias in Pistolet Bay.
These were identified by M. Copeland as

Eoleperditia sp.

Age and correlation

The fossils nsmed above indicate a Middle Ordovician
age for the beds which thus belong to the Table Head
Formation. The fossils in the Goose Tickle Formation are
lower Middle Ordovician and this means that the beds of
the Table Head Farmation must also be lower Middle Ordovician.

The Table Head Formation in Pistolet Bay conslsts of
massive limestone with rare shale lenses, This is best
correlated with the lower division of the Table Head in
the type section. This division of the type section 1s
massive limestone but contains no shale lenses, The
middle and upper divisions of the Table Head Formation
in the type section are respectively interbedded shales
and limestones and black carbonaceous shales. No inter-

bedded shales and limestones are found in Pistolet Bay.

(23)



The lower division in the type section is 250 m thick
whereas the limestone in Pistolet Bay is apparently
only 30 m thick. This is probably due to the 1imestone

being laterally replaced by shale of the Goose Tickle
Formation, (see p.29),

Goose Tickle Formstion

Cooper (1937, p.7 and 8) divided the shales in
Hare Baj into two formations, the Northwest Arm Formation
and the Goose Tickle Formation. According to his map
only the Goose Tickle Formation is found in Pistolet
Bay, but he mentions (p.lly) that several patches of the
Northwest Arm Formation are found around Triangle Point,

Kindle (1945) observed the shales in Pistolet Bay
and collected some Middle Ordovician graptolites from
there.

The Goose Tickle Formation was the name given by
Cooper (1937, p.8) to the beds which outcrop on either
side of Goose Tickle in the western part of Hare Bay,
Just south of the area covered by this report., The
beds in the type section lile disconformably on the Table
Head limestone, and consist mainly of grey, brown, layered
shale, with graded and convolute bedding. A limestone
breccia (limestone clasts set in a shale matrix) is found
a few metres above the base, and near the top is a
conglomerate of black and green shale pebbles, Strati-
graphically higher beds are covered by the sea but the

(24)
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same beds can be found along the strikes on the west side
of West Brook and on Goose Tickle Point. These beds
contain thin limestone layers.

Cooper did not measure the type section but about
1000 m of beds are exposed there, Cooper (1937, p.8)
measured the thickness of the Goose Tickle shales exposed
in Spring Arm and found 2000 feet (650 metres) but the

~ upper contacf is faulted. He stated that the Goose

Tickle Formation may be 5000 feet (1600 metres) thick,

The Goose Tickle Formation is exposed along the
shore of Pistolet Bay and on some of the islands in the
bay (Fig.7). The beds outcrop on the south coast in
Howe Harbour and Northern Arm. Inland the formation
underlies the low marshy land between Pistolet Bay and
Northern Arm in which only a few poor exposures are found
in streams,

The Goose Tickle Formation rests disconformably on
the Table Head Formation on Burnt and Schooner Islands
(Plate 5). The shale fills crevices in the limestone
but rests without angular discordance on the pitted
surface. The lowest 3 m or so are calcareous drgillite
with alternating light and dark laminae but no bedding
plane fissility. Above this comes a considerable
thickness of greywacke and shale (Plate 6). These rocks

(25)
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are grey on fresh surfaces and grey brown on weathered
surfaces due to the presence of ankerite., The greywacke
beds vary in thickness from 10 to 50 cm. These become
rarer higher in the section and the shales become mare
calcarsous, Ripple drift and convolute bedding are common.

A limestone breceia bed is found at several local-
ities about 20 m from the bottom of the formation but
it does not form a continuous horizon (Plates 31-33).

A few thin limestone beds are present within the
shale in the middle part of the formation., At the top
of the formation shales and interbedded conglomerates
occur (Plate 3), The conglomerates have rounded clasts
of black and green shale, the same lithology as that found
in the Northwest Arm Formation, and angular blocks of
1imestone. The matrix of the shale is grey calcareous
shale similar to the shale of the beds separating the
conglomerates,

The total thickness of the formation is estimated
as 500 m but 1t may be twice that. Higher beds of the
formation are overlalin by the thrust Maiden Point Form-

ation or lie below the sea.

(26)
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Paleontology
Graptolites are easy to find in the Goose Tickle
Formation though * cleavage makes 1t difficult to obtain

complete specimens., Segments of orthocerids were found

~in the breccias along with some ostracods. KXindle

(personal communication) found the following graptolites,
which were identified by H. Johnson.

Climacograptus antennarius

Olimacograptus c¢f bicornis

Dicellograptus sp.,.

Didymograptus sagitticaulis

extensus ?

Glossograﬁtus ciliatus

Isograptus caduceus

Nemagraptus sp.

Kay (personal communication) found the following
graptolites which were identified by J. Riva.

Climacograptus antiquus var. lineatus Elles and Wood

Didymograptus c¢f nicholson Lapworth

Glossograptus cilliatus Eamons

(27)



The author found the following:

x
Climacograptus antiguus var bursifer Lapworth

Dicellograptus sp.

Dictynema sp.
Didymograptus cf nitidus Lapworth

Didymograptus c¢f hirundo Lapworth

c¢f spinosus
Glossograptus echinatus Eamons

Phyllograptus anna

Illiciformis Hall

typus
Tetragraptus quadribrachistus * Hall

x Identified by L.M. Cunming, others
identified by the author.
Ostracods

Eoleperditia sp. Identified by M. Copeland.

The arthropod Caryocaris curvilgggfﬁgé found by the
author in several places. The only other fossils found
were an inarticulate brachiopod and a section of a crinoid

stem.

These fossils indicate a lower Middle Ordovicilan

age for the Goose Tickle Formation.

(28)
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Age and stratigraphic position

All parts of the Goose Tickle Formation have
Ylelded lower Middle Ordovicilan graptolites but those
collected from the conglomerate and above are poorly
preserved, |

At first it was thought that the Goose Tickle
Formation might correspond to the Upper Division of the
type section of the Table Head Formation but the shales
in the lower part of the Goose Tickle are brown-grey
and silty, not black and carbonaceous. In addition the
disparity in thickness and the presence of a disconform-
ity suggests that the Goose Tickle Formation cannot be
included in the Table Head Formation. The Table Head
Formation is very thin in this area compared with the
type section, and the Goose Tickle shales are very thick
compared with the shales found at the top of the Table
Head type section. Since both formations are Middle
Ordovician these changes in thickness and lithology are
best explained by a facles change from west to east.
The area of shale deposition moved westward (Fig. 10).

Correlation

The Englee Formation in Canada Bay (Betz 1939) is
probably equivalent to the Goose Tickle but it has more
limestone and fewer greywacke beds than the type section
at Goose Tickle., At Port au Port in Southwestern Newfound-
land shales with siltstones lie conformably on the Table
Head limestone, and a limestone breccila is found within

these shales not far from the base (Table 2).
(29)
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Allochthonous Sequence
Goose Cove Formation

Cooper (1937, p. 2i) referred to the rocks which
surround the White Hills as the Goose Cove Schist.
Because they outcrop around the White Hills Ultrabasic
intrusion Cooper concluded that they form an aureole to
this intrusion and are in sedimentary contact with the
Maiden Point Formation. The author has changed the name
to Goose Cove Formation and does not refer to them as
schists because many of the rocks are gneissose or only
slightly metemorphosed volcanic beds. The gneissose and
schistose rocks are amphibolites.

The best exposures of the amphibolites are found
along the cliffs west and north of Goose Cove and in
some road cuttings in that area (Fig. 11). A small
fault-bounded outcrop of contorted amphibolite is found
on the east side of Cape Onion Peninsula,

The beds of the formation adjacent to the ultrabasic
intrusion are gneissose but away from it they grade into
schistose rocks and then slightly metamorphosed volcanic
beds. The gneissose rock has a salt and pepper appearance
and is massive. Slightly altered volcanic beds clearly
showing original pillow structures occur between Ireland's
Bight and Goose Cove., Shale laminae are present in the

volcanic and schistose rocks.

(30)



The amphibolite has been visibly thrust over the
Maiden Point Formation at Ireland's Bight and St. Anthony,
and the only satisfactory explanation of the relationship
of the Maiden Point and Goose Cove Formations is that the
latter has been thrust over the former throughout this
area. The thrusts at St., Anthony and at Ireland's Bight
are thus part of a large thrust surface, not just local
thrusts, (See p. 86).

The amphibolite is composed mainly of hornblende and
altered plagioclase with very little quartz. DBecause the
grain size increases toward the intrusion and becsuse of
the transition from volcanic beds to schistose to gneissose
rocks these metamorphic rocks are considered to be an
aureole (see p. 72) confirming Cooper's original idea.

No fossils were found and the rock does not contain
enough biotite for radiometric dating. The Goose Cove
Formation 1s intruded by peridotite which is similar to
those elsewhere in Newfoundland which are thought to be
Lower Ordovician., The nearest radiometricslly dated
intrusion is in Gaspe and this has lowermost Ordovician
age (p. 35). This suggests that the Goose Cove Formation

is Lower Ordovician or older.

(31)
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Malden Point Formation

Coarse greywackes and slates in Hare Bay were called
the Malden Point Sandstone by Cooper (1937, p.9). The
type section at Maiden Point on the south side of Hare
Bay was estimated by Cooper as 6000 ft (2000 m) and con-
sists of coarse grained greywacke which weathers grey
green and black, and grey shale, lava, and tuffs, No
fossils have been found in the type section., Because
the formation contains less than 50% sandstone the author
has changed the name to Maiden Peint Formation, The beds
in Pistolet Bay ascribed to the Maiden Point Formation
have the same coarse greywacke as the type section. However
more volcanic beds and limestone c=1e present in this area
than in the type section,

The Malden Point Formation occupies all the area
east of Pistolet Bay and southwards to St. Anthony. Small
patches of the formation outcrop on the northwest side of
the White Hills and the formation can be seen underlying
thrust volcanic rocks and gneiss on the north shore of
Hare Bay, (see Fig. 12).

The Maiden Point Formation 1s composed of slsate,
greywacke, and volcanlc rocks with minor amounts of lime-
stone and mica schist, The lowest beds of the formation
outcrop on the east side of Cape Onion Peninsula, in Mllan
Arm, and on the east sidd: of the White Hills, and have all

been thrust over the underlying Goose Tickle Formation.

(32)
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These lowest beds are a series of lava flows, pillow
lavas, agglomerates, tuffs, and interbedded sandstone
énd.shale. The lava flows vary in thickness from less
than a metre to more than 10 m. They are highly chlor-
itised and it is difficult to distinguish any of the
original minerals, Spectacular pillows can be seen

in the cliffs on Cape Onion Peninsula (Plate 9). The
agglomerates (Plate 12) consist of round lumps of volcanic
material in contact with one another, set in a matrix

of crystalline calcite, Many of the beds in this part
of the formation are soft green material which may
originally have been lava or tuff. Of the beds here

the least altered are the agglomerates, but they are

too fine grained for identification by optical methods.
The other rocks are all so altered that they may well

be described as greenstones. Thin sections of the

lava flows contaln fragments of devitrified glass, and
calcite amygdales and much opaque material, It is
thought that these flows were acid., Others which were
basic or intermediate contain plagioclase relicts in a
mass of chlorite., The tuffs are a mass of fine grained
crystals, probably quartz and feldspar but which are too
small and too altered for certain identification. Thin

veins of secondary calcite cut the tuffs,
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The volcanic beds diminish and slstes and grey-
wackes increase eastwards and upwards in the formstion,
(the enveloping surface of the folds dips gently eastward)
The slates immediately above the volcanic beds are grey
and black and contain much pyrite but higher in the
section the black slates disapresr. Red and grey slates
occur around St. Anthony (Fig. 13). The greywackes
usually occur in beds gbout 1 m thick and are commonly
. coarse, The lowest layers of some of the beds have
pebbles 3 cm long and the beds are often graded. The
slates and greywackes are interbedded with minor sasmounts
of volcanic materisl.

The greywacke beds are relatively common south of
St. Lunsire Bay, especially round St. Anthony Bight
Where they comprise about 75% of the total, but they are
rare on the northeest. There the beds are mostly slate
with thin limestone beds. A 20 m argillaceous limestone
bed crops out in Noddy Bay and a thinner one south of
Griquet. Breccia beds of plates of limestone occur on
Quirpon Island. These are probably intraformational
breccias, the clasts being derived from some of the thin
limestone beds. Volcanic beds occur within the slate,
the largest outcrop areas are shown on Fig. 13.

It has been suggested (Gillis, 1965) that
the shale and limestone belong to the Table Head
and Goose Tickle formations but that the associated

volcenic and greywacke beds belong to the Maiden Point
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Formation and that they are sepsrated by a thrust. The
author agrees that some of the lithologies, the slate and

limestone, resemble those in the Goose Tickle and Tsble
Head formations, although the limestohe is more argillaceous
thah in the Table Head Formation and the contacts between the
shale and limestone are gradational over greater distances,
and the greywacke beds in the slate are coarser than those in
the Goose Tickle Formation but not as coarse as those in the
Maiden Point Formation. <*he author thinks that volcanic beds
and coarse greywackes are interbedded with the slate and
limestone and sees no evidence for g thrust seperating them.
A better explanation is that the slate and limestone belong
to a finer grained facles of the Maiden Point Formation.

On the eestern part of Quirpon Island the slates

grade into phyllites and then to mica schist,

Age and Correlation

No fossils have been found in this formation in spite of
intensive searching. The formation is thought to be Lower
Ordovician or older because it is intruded by peridotite (on
Milan Arm and Quirpon Island). Peridotites elsewhere in New-
foundland have intruded Lower but not Middle Ordovician
strata (Williams Personal communication). The nearest radio-
metrically dated intrusion, Mount Albert gave a lowermost
Ordovicisn age (MacGregor, 1963). This suggests that the

Maiden Point Formetion must be Lower Ordovician or older.
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Betz (1939) mapped similar beds in Canada Bay
and called them the Canada Head Formation. This
formation outcrops along the east coast between Canada
Head and Hare Bay (see Fig. 33).

The Botwood Group is somewhat similar to the Maiden
Point Formation but contains more red beds and much more
current bedding. The only other beds which are similar
are some of the greywacke sandstones found in the Humber
Arm near Cornerbrook. These are thought to be Cambrian
by Stevens who has worked in the area (personal communica-

tion) .

Northwest Arm Formation

Cooper (1937, p. 8) gave the name Northwest Arm
Formation to a succession in Hare Bay and Pistolet
Bay characterised by a great diversity of lithology:
shale, sandstone, limestone, and chert. The type
section is in Northwest Arm in Hare Bay, where about 160 m
of highly deformed beds are exposed. The base and top
are faulted against the Table Head limestone
and the Goose Tickle shale. Only cleavage can be seen
in the shale of the Northwest Arm Formation but bedding
planes are shown by the intercalated beds of sandstone
and the lines of boudins. No fossils have been found in
the type section. Cooper (1937, p. 8) concluded that

both the Northwest Arm and the Goose Tickle Formations
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lie conformably above the Table Head Formation and
this led him to think that the Northwest Arm Formation
was a local facies of the Goose Tickle Formation.

The formation crops out in three places on the
north side of Hare Bay and in four places in Pistolet
Bay (Fig. 15). All outerop areas are faulted or
thought to be faulted against the Goose Tickle Form-
ation., Because of the occurrence both to the north
and south, and because the strike of the beds is NE
it is probable that beds of this formation underlie parts
of the lowlying area between Pistolet Bay and Northern
Arm,

The outcrops of the Northwest Arm formation in
Pistolet‘Bay and Hare Bay suggest that the formation
can be separated into members, a lower one with abundant
calcareous sandstone and an upper one consisting mainly
of %?le (Plates 7 and 8). The lower member is character-
ised by its highly deformed assemblage of limestone,
sandstone, chert and shale and is found in the western
exposures in Pistolet Bay and Hare Bay. The sandstone
beds vary from several centimetres to a metre in thicknéss,
and some are greywackes whereas others are almost calcaren-
ites. These beds are considerably folded and sole structures
indicate that many of the beds are upside down. Faulting

and boudinage asre also present and it is unusual to be
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able to trace a bed for more than a few metres. Chert
occurs in a wide variety of colours; green, brown, dark
red, grey, or black., The lack of internasl structures
suggests an inorgenic origin for the chert.

B}ack and green shales occur between the more
competéﬁt beds of sandstone and chert. The colouring
of these shales is patchy and beds of one colour can
only be traced for a short distance., The shale content
of the formation increases upwards in the section and
in the upper member, exposed in the eastern patches
of the formation in Pistolet and Hare Bays, are a few
thin limestone beds, no sandstone beds. The beds in
the upper member appear to be less deformed than those
in the lower member but this is probably because no
competght beds are present to show the bedding,

Cooper estimated the thickness of the Northwest
Arm Formation to be 500 ft (160 m) but, as he noted,
this figure is unreliable because of folding and faulting.
The writer considers this figure is probably an over-
estimate for the lower member is only about 30 m thick
and the upper one probably not much thicker., It is
suggested that 70 m is a more accurate estimate of the

thickness of the Northwest Arm Formation.
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Age and stratigraphic position

Fossils are not abundant in the Northwest Arm
Formation. None were found in Hare Bay but all four
patches of this formation in Pistolet Bay yielded
graptolites of Lower Ordovician age. The most rewarding
graptolite locality is west of Triangle Point where the
sea 1s nearest the road., The only fossils found were:

Staurograptus dichotomus

Dictyonema cf flabelliforme

Both members of the Northwest Arm Formation have
ylelded graptolites indicating a Lower Ordovician age.
The Northwest Arm Formation cannot lie stratigraphically
above the St., George Formation because this position is
occupied by the Middle Ordovician Table Head Formation
close to the outcrop of the Northwest Arm Formation. Nor
can it lie within the St. George Formation because no
beds similar to it can be seen even where there are
complete sections of the St, George Formation. The
lowest part of the St. Gearge Formation 1s Cambrian so
it is also impossible for the Northwest Arm Formation to
lie below the St. George Formation. The beds of the
two formations are too dissimilar to be local facies
equivalents (see p.61 ). The most reasonable explanation
is that the two formations were deposited at the same time

but not as near one another as they are now (see p.98 ).
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Correlation

Similar beds were noted by Rodgers (personal
communication) just north of Port au Port.R.Stevens
(personal communication) mapped chaotic black and green
shales near Corner Brook. At both these localitiles
the Nofthwest Arm type beds are assoclated with beds
like the Maiden Point Formation. Hawley (1957) described
beds very similar to the Northwest Arm Formation, from
the Champlain Valley, New England. They are Lower
Ordovician snd have been thrust over Middle Ordovician
shales and greywackes similar to the Goose Tickle

Formation.

(Lo)



SEDIMENTOLOGY AND PAIEO-ENVIRONMENT

The faclies developed in the Northern Appalachians
have long linear outcrop patterns, always with the same
spatial arrangement. .The shallow water limestone is
found in the west, f&ilowed eastward by shale and grey-
wacke (deposited in deeper water) and still further
east by shale, greywacke, and volcanlic beds. This has
led to the idea that the beds were deposited in a linear
depression tfonding approximately SW (Kay 1942).

The sedimentology of the formationsin the Pistolet
Bay area 1s described below and it will be seen that the
beds in this region have the same facies and facies
distribution and are thus thought to have been deposited
in a continuation of the Appalachian trough.

This study of the sedimentology of the beds also
shows that the facles of some of the beds are very
dissimilar and are unlikely to have been lald down as
close together as they are now found., The source area,
modes of transport and deposition of the sediments are

also discussed.
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St. George Formation

The St. George Formation in this area consists of
limestone interbedded with fine grained dolomite in

the lower part and coarse grained dolomite in the upper

part. In places the limestone and fine grained dolomite

are interbedded in very thin laminae, commonly less than

5 mm thick, Current bedding can be seen on a very small
scale with alternate laminae of limestone and dolomite, ?
which shows that the dolomite must be priméf&}or peﬁ;:T_w
contempo§§. Penecontempoig?dolomite can farm in the
supra-tidal zone under tropical conditions (Shinn 1965;
Illing 1965).

The grains of limestone and dolomite are lutite, silt-,
and sand-size in the lower pasrt of the formation., Beds
with small clasts of limestone and dolomite set in a
matrix of dolomite are not uncommon, The clasts are
usually 2 cm or less in dismeter but one bed contains
imbricated clasts 5 cm leong. The direction of imbric-
ation is variable,

Ripple marks and desiccation cracks (Plate 2l) are

present south of Cape Norman and current bedding was

seen in calcarenite near the end of Boisee Peninsula.
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Hollow chert pebbles have been found at one
horizon but the bed is only one pebble thick and the
peobbles are not usually in contact. The pebbles are
roughly aligned in a NE - SW direction, are mostly
2 cm long and consist of chert and limestone. The
pebbles are often indented and cross sections show a
concentric structure. They are thought to have grown
as concretions in the limestone and to have been
subsequently eroded out, rolled into their present
position and incorporated again into the limestone.

Many of the beds of the St. George Formation
show evidence of having been disturbed by organisms.
Worm borings and trails 1in the beds are emphasized.
by selective dolomitization in which the trails and
burrowed material are dolomitized but the host rock
is not.

The beds contain algal structures as much as one
metre high (Plate l}). Horizons with smaller algal
structures about 30 cm are common. The 1limestone
filling the gaps between individual algae is commonly
rich In fossils, looking as though the fossil debris
had collected in the hollows between the living algae.

Lenses of limestone rich In fossil fragments occur
in several places., The fossils are typical shallow
water forms; trilobites, brachiopods and gastropods.p. 17)
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The beds of the upper part of the St. George
Formation on the west coast and to a lesser extent on
Burnt Island have undergone several post depositional
changes; they have been dolomitised (definitely second-
ary, not penecontempo§§3 to coarse grained dolomite,

and chert has replaced same of the dolomite,

Environment of deposition

The presence of algal structures indicates that
the water was shallow because modern algae require
light for growth. Many modern algae live on tidal
flats and it is on the landward side of tidal flats
that penecontemporaneous dolomite has been found.

Fine grained dolomite might well have been formed
in such an area but desiccation cracks are not as common
as would be expected. The intraformational breccias
might be due to extra high tides sweeping together
flakes which had formed through the desiccation of
the supra-tidal flat sediments. The author considers
that the St. George Formation waé probably deposited
in tidal and supra-tidal flats.

(L)



Table Head Formation

This formation is massive or bedded in uniform
units about 30 cm thick. The limestone of the Table
Head Formation is more argillaceous than that in the
St. George Formation and the amount of argillaceous
materisl increases upwards causing the limestones to
become darker in colour., This is well demonstrated
in the section on Burnt Island.

The only sedimentary structure is "algal banding"
which appears on the rock surface as a series of dis-
continuous wavy lines, They are thought to be the
remains of algal mats,

Shale lenses are found at the top of the Table
Head Formation. Two of these are highly calcareous
and very fossiliferous., Several limestone clasts
about 15 cm long occur in the limestone above the
calcargous lenses and these afe the only signs of current
activity in the Table Head Formation in this area.

This formation lacks the shallow water features
common in the St. George Formation., There is very little
evlidence of current activity and the massive nature of
the beds suggests that the limestone accumulated con-

tinuously in a quiet enviromment, probably below wave base,
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Goose Tickle Formation

The Goose Tickle Formation consists mos t1ly of
shale and greywacke but limestone breccis is found
near the base of the formation and conglomerate near
the top.

The shale varies in colour from dark to light grey,
cormmonly brownish due to the weathering of ankerite.
Interbedded with these shales are greywackes, usually
between 5 and 30 cm thick which are continuous and
show no sign of depositional thinning. Many of the
greywacke beds are graded but it is rare to find complete
gradation from sandstone to shale.

The thicker units of greywacke generally exhibit
convolute bedding (Plate 30). The convolutions are
restricted to one sedimentary unit, which is convoluted
throughout its length, the overlying and underlying beds
being unaffected. The anticlines of the convolutions are
overturned toward the south. Because of low relief in
the exposures of the Goose Tickle Formation most of
the under surfaces are hidden but where the latter are
exposed small flutes are abundant (Plate 29)., All the
flutes indicate that the currents moved toward the south-
west. Ripple drift cross bedding present in many of the

greywacke beds slways indicates movement to the
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southwest. Other structures typical of turbidity
current deposits which are found in these beds are
load casts, flemes (Walton 1956) and sandstone
balls (Plate 28).

Most of the sedimentary structures described above
are commonly found in turbidites and it is concluded

that these beds were deposited by such currents.

Paleoecology

The lack of benthonic fossils suggests that the
depositional surface of the Goose Tickle Formation was
hostile to life. The dark colour of the shale indicates
that the water was anaerobic.

Graptolites are common in these beds in shales
and greywackes. In the shales they lie on the bedding
planes, some planes have abundant graptolites whereas
others are devoid or almost devoid of them. The
irregular distribution of graptolite remains may be
explained by recurrent mass mosglity possibly due to
convective overturn bringing up'poisonous waters from
the sea bed (Brongsma-Sanders 1948). Alternatively,
the irregular graptolite distribution may be caused by
variation in the rate of sedimentation.

In greywackes, the graptolites sare distributed

preferent:ally
throughout the bed and at various angles, but are, aligned
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in a aown current direction., The graptolites in one
example were plotted on a rose diagram and the mean
direction was to the SW. These graptolites must

have been deposited by the turbidity current that laid
down the surrounding sediments,

Fraglle graptolites such as Dicellograptus are

cormon in the shales but rare in greywackes in which
climacograptids are common. The dicellograptids are
without their floats in the greywackes though they
are connected to them when found in the shales. The
lithological association of the graptolite types may
be because the two types lived in separate areas and
the climacograptids were broughﬁ into the area by the
turbidity currents or because the more fragile grapt-
olites were destroyed by the motion of the turbidity
currents and only the more robust types survived the
journey.

The writer prefers the latter explanation
because a few thin dicellograptid fragments occur
in the turbidites and climacograptids are found in
the shales.

A lens shaped breccia with angular clasts of

limestone set in a matrix of calcareous shale crops out
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on Boisee Peninsula and in Northern Arm, and lies
about 10 m stratigraphically above the base of the
Goose Tickle Formation, The breccla is considered to
have originated by the collapse of limestone recently
deposited on the western side of the trough. The
material was transported by turblidity currents to 1its
present position, (see appendix for more detailed
description and discussion). The presence of this
breccia shows the tectonic instability of the trough.
Near the top of the Goose Tickle Formation is a
series of conglomerstes whose clasts, set in a matrix
of grey shale are black and green shale very similar
to the shale of the Northwest Arm Formation, and
angular fragments of limestone, The beds are, like the
breccia, thought to be the deposits of turbidity
currents and to indicate the continuing iﬁstability of
the trough. Unlike the breccia the conglomerates are
thought to have been derived from contemggfz_erosion

of the Northwest Arm Formatlon to the east,

Current directions

Sedimentary structures observed in the Goose Tickle
Formation indicate that the currents came from the NNE
along the axis of the trough (see Fig. 17). It is most
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likely that much of the sediment was derived from the
sides of the trough in which case the currents travelled
down the sides before turning along its axis. Because
the carbonate shelf area existed to the west it is most
probable that the greywackes and shales were derived
from the eastern side. On the other hand clasts form-
ing the limestone brecclas are identical with the shelf
beds and almost certainly came from them. The black
and green shale pebbles in the conglomerates cannot have
come from the erosion of underlying beds exposed in a
geanticlinal ridge within the trough because the Goose
Tickle Formation is underlain by the Table Head Form-
ation not by the Northwest Arm Formation, beds which
would not yield these sort of pebbles, A more satis-
factory explsnation is that they came from the erosion
of rocks within a gravity slide advancing from the

west (see p.98 ).

Environment of deposition

The beds of the formation bear no evidence of a
shallow water origin. No depth can be given for the
depositional surface buf the carbonaceous nature of the
shales suggests it was below wave base. The basin which

the breccia and conglomerates suggest was unstable was
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elongated NNE-SSW, sloped gently to the SSW and was

bounded on the west by an area of carbonate deposition

from which the limestone clasts were derived and on the
east by the Northwest Arm Formation from which the conglom-
erates clasts came., Turbidity currents carried sands and

mud into the area from the NNE,

Maiden Point Formation

The Malden Point Formation consists of greywacke,
shale and volcanic beds, Well developed pillow lavas
are found only in the north of the area and the centre
of eruption 1s therefore thought to lie further to the
north. Pillow structures indicate that the lavas were
extruded under water,

Many of the agglomerates have a matrix of
crystalline calcite with grain size up to 3 mm. The
coarse texture cannot be due to the metamorphism
because fine grained limestone beds are found nearby,
nor can it be due to the hot volcanic material sinking
into a bed of lime mud because the proportion of clasts
to matrix does not vary from top to bottom and because
the clasts are all in contact with each other. Baird
(1953 p.8) attributed similar coarsely crystalline
limestones to the warming of sea water by the intro-

duction of the volcanic material. However the change
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in solubility of calcium carbonate in water with temper-
ature is small (Levin 1956, p. 248). The writer suggests
that the heat of the clasts caused the evaporation

of the calcium carbonate rich water into which they

fell. The agglomerate pieces fell to the

bottom of the water and most of the evaporation was

from the water between the clasts of the agglomerate.

As the water in the gaps evaporated cooler water from
above would take its place. The water deposited calcite

as it was evaporated.

Sandstones

Most of the sandstone beds are grey green but g
few red sandstones outcrop in St. Anthony Bight. The
greenish colour is caused by a chloritic matrix and
the red by ferric oxide., DBefore diasgenesis constituent
grains appear to have been sub-angular but many of them
now have sutured or corroded edges. They vary in size
up to 3 cm.

The grains are mostly quartz, but plagioclase, mica,
iron ore, and rock fragments are also present. Quartz
grains commonly show undulatory extinction and meny
are polycrystalline., No quartz overgrowths were seen,

The plagioclase content varies considerably; neither
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orthoclase nor microcline were observed. Plagio-
clase is too altered to allow accurate determination
of composition.

The mica is light coloured and is probably either
séricite or muscovite, Tourmaline, zircon, and rutile
are the only heavy minerals present,

Many shale flakes, mostly between 1 and 3 cm
long but some upto 30'cm in length were seen in the
sandstones, They usually occur at a definite horizon
a few centimetres above the base of the bed, and are
identical in lithology to the shale beds in th€ form-
ation and are probably intraformastional.

A few other rock fragments were found in thin
sections but their size and extent of alteration prevent
determination in mest cases., However the following rock
types have been identified:

doarse acidic igneous rock

feldspar porphyry

fine grained acid volecanic rock

metaquartzite

orthoquartzite

A small amount of altered glass is present and
oolites were seen in one thin section., Small amounts

of calcite occur in many of the thin sections examined.
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Some of the calcite fragments are the same size as the
quartz grains and may well be detrital. Pyrite occurs
as small euhedral crystals and as irregular lumps,
commonly being ringed with iron oxides,

| 200 grain diameters were measured in each of six
thin sections of the Malden Point sandstones, All the
samples have a bimodal size distribution with peaks at
1.0 and 2.0 phi (0.5 and 0.25 mm). The peaks are not
separated enough to represent clasts and matrix and
they are not due to the grains of different minerals
because quartz is the only abundant non-matrix mineral,
The two peaks probably represent quartz grains derived
from two different sources, a hypothesis that 1is rein-
forced by the petrology of the rock fragments, which
suggest that the material came from igneous and meta-
morphic terrains,

The matrix, arbitrally designated as all material
less than 0.2 mm, consists mostly of fine fragments
of aquartz and a green flakey mineral, optically deter-
mined as clinochlore.,
The average composition of the ssndstone determined

from grain counts of 200 grains in each of six thin sections

is:
Quartz 50%
Matrix Lo%
Rock fragments 6%
Plagioclase 2%
Other 2%
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This would be classified by Pettijohn (1957, p.292)
as a lithic greywacke, but he does not mention what he
classifies as matrix.

The soles of many of the greywacke beds are uneven
but because of the smount of distortion in the under-
lying shale it is rarely possible to show that the
uneveness is caused by sole marks, Load casts were seen
Just north of St. Carols and just north of Bartletts
Brook on the road to Griquet. Some flutes were observed
near St. Carols indicating a southward moving paleo-
current,

Graded bedding (Plates 35 and 36) is present in
many of the greywacke beds, The best graded sequences
occur in Milan Arm where one bed grades upward from
1l cm pebbles to shale, although more commonly the beds
grade from very coarse sandstone to siltstone. The
upper part of some of the sandstone units 1s laminated
parallel to the bedding and contains much mica.

Very minor slumps, each involving only one thin
bed were found in St. Anthony Bight (Plate 39).

Channels, usually 5 to 10 cm deep but occasionally
30 cm deep, are common in the Maiden Point Formation.
They are filled with coarse, friasble, current bedded
sandstone, The channels are best displayed just north

of Bartletts Pond but examples can also be found in

St. Anthony Bight.
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In this formation current bedding occurs only in
the channel fillings., The angle of foreset sdip about
o
25 and for the most part indicates that the paleo-

currents came from the west (Fig. 18).

Mode of deposition of the sandstones

The following data is relevant.

1) The sandstones are interbedded with agglom-
erates, tuffs and pillow lavas But very little
volcanic material is found in the sandstone
beds themselves, This suggests that the sand-
stone was brought in rspidly from outside,

2) Sedimentary structures other than graded
bedding are rare,

3) The sandstones are immature.

l4) The sandstones have less matrix than the
average greywacke,

The lack of current bedding makes a fluviatile
origin unlikely and a littoral enviromment of deposition
is also improbable because the sandstone 1s poorly
sorted and the grains angular. The explanation best
fitting the evidence is that they are turbidites.

The reported lack of bottom structures may be because

few undersides are visible and because tectonic
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deformation has made the detection of bottom structures
difficult., Bouma has shown that a lack of internal
sedimentary structures is usual in the coarse division
of a turbidite (Bouma 1962).

If these beds are turbidites .- _ 1t 1s necessary
to explain the low matrix-clast ratio. Modern deposits
which have been attributed to turbidity currents or
have been formed by experimental turbidity currents have
a low matrix-clast ratio (Ericson et El,1951; Kuenen
and Migliorini 1956). Paleozoic turbidites have a much
higher matrix-clast ratio, which Gummins (1962) attri-
butes ﬁo the alteration of unstable minerals to clay
or clay-like substances., It is possible that the Maiden
Point Formation contained only a small proportion of
unstable minerals when it was deposited and thus only

a small amount of matrix has subsequently teen formed.

Slates

Slates in the Maiden Point Formation are mainly
grey but black slates are found at the base and red
onesvat the top of the formation., The black colour
is thought to be due to carbon content, which suggests
that the beds were deposited in an anaerobic enviromment.
Pyrite commonly accompanies the black slate in the lower

part of the formation but is absent from the upper part,
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and provides further evidence of an increase in the

oxidation potential during deposition of the formation,

Limestones

Limestone is found in the Maiden Point Formation
both as discrete beds and as scattered clasts. The
limestone beds range in thickness from a few centimetres
to tens of metres and consist of very argillaceous lime-
Stone. Thin limestone beds occur in groups interbedded
with shale., Tabular limestone clasts found in the
formation on Quirpon Island are a few centimetres long
and are mostly probably intraformational in origin. A lone
boulder of limestone 30 cm in dismeter was found in

contorted slate in Milan Arm.

Current directions
orientation of, the
The 'ﬁ‘ ong: &Xes of quartz pebbles at the base of
one bed in the Maiden Point Formation gives a single
distinct peak showing a NE-SW paleocurrent trend. Shale
blebs examined are elongated north-south and flutes

suggest a paleocurrent moving SW.

Source and depositional enviromment
The feldspar, large mica flaskes and the poly-
crystalline quartz suggest a source area containing

acid plutonic and metamorphic rocks.
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The occasional precipitation of limestone
suggests that beds were laid down in shallow water, on
the other hand the lack of sorting in the sandstone
suggests that the depositional site was below wave
base, ‘The change in colour of the shales and the
diseppearance of pyrite towards the top of the formation
suggest that the water, at first reducing, latter became
oxidizing. Turbidity currents, moving toward the south

brought greywackes into the area and volcanic material 33150

was sometimes lsid down.

Northwest Arm Formation

This formation contains a great variety of
lithologies; sandstones, black and green shales,
chert and limestone. The green shales are not tuffszceous
The sandstone 1s coarse and consists of quartz
and minor plagioclase and calcite grains set in a
clay matrix., The quartz grains are subangular and
have sutured contacts and commonly show strained
extinction., Tourmaline, zircon and rutile are also
present., Pyrite nodules occur in the sandstone. The
sandstone beds are much thicker than those in the Goose
Tickle Formation and the grain size is also larger.
Ripple drift cross bedding is more prominent in the
sandstones of this formation than in those of the
Goose Tickle Formation. Some of the ripple drift
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Enviromment of deposition

The pyrite and the black colour of most of the
shales suggest that the depositional enviromment was
anaerobic. The presence of graptolites indicates
that the area of deposition was open to the sea and
the flutes and grooves suggest that the currents moved
from the NNE and that the area of deposition was
elongated NNE-SSW.

The problem presented by the Northwest Arm Formation

The Northwest Arm Formation presents a problem
in that its fossils indicate it is coeval with the
St. George Formation yet it belongs to a very different
facies. The St. George Formation consists of shallow
water limestone and dolomite without any shale lenses
whereas the Northwest Arm Formation is mostly shéip
and greywacke, The fossils in both formations fit -
the environment and show no evidence of resedimentation.
It has been suggested that the depositional areas of
the St, George and Northwest Arm formations were
separated by a fault. The situation would be similar
to the Craven Ares in England where shallow wster
limestones accumulated on the upthrown side of a fault
and black shales on the downthrown side (Parkinson 1957).
Objections to this suggestion would be a) no continuous
fault has been found b) if a fault existed one would
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expect to find limestone lumps in the shale below

but there are no sedimentary limestone breccias in

the Northwest Arm Formation ¢) St. George limestone

is found on three sides of the outcrop of the North-
west Arm Formation so there is no linesr separation

of the formations. Another hypothesis is that the
shales accumulated in a basin surrounded by the St.
George Formation. If this were so more interfinger-
ing of the facies would be expected. Further evidence
against this hypothesis is the fact that the St. George
Formation contains only minor chert whereas it is relative-
1y abundant in the Northwest Arm Formation.

The most plausable explanation is that the Northe-
west Arm Formatlon accumulated e lsewhere and was sub-
sequently moved in to 1ts present position by gravity
sliding (see p.98 ).

Summary of current directions

Sedimentary structures in the Goose Tickle Formation
indicate that the currents flowed toward the SSW. Similar
current directions were found in the Northwest Arm Form-
ation. The orientation of pebbles in the St. George
Formation 1s the same but may indicate currents flowing
at right angles to that direction because the pebbles

were probably rolled,
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This is the usual but unexplained pattern of
currents in geosynclines, directions on the shelf
at right engles to those in the basin (Potter and
Pettijohn 1963, p.241l). The paleocurrent directions
found between Hare Bay and Canada Harbour also fit
the pattern outlined above.

The paleocurrents in the autochthonous Goose
Tickle Formation flowed towards the present position
of the ILong Range., This suggests that the Long Range
was not topographically higher than the depositional
surface of the Goose Tickle Formation when it was

being laid down, (see Fig. 31).

Sedimentological conclusions

The beds of the St, George Formation were deposited
above wave base whereas those of the succeeding Table
Head Formation were laid down below it. The beds of
the Goose Tickle Formation were definitely deposited
below wave base and probably further below it than the
Table Head Formation because of the turbidites which
Kuenen (196l;) has interpreted as deep water depocsits,
These formations must all belong to one sequence as
they have sedimentary contacts between them.

The beds of the Bradore Formation are quartz
sandstones, typical of a shelf sequence and are there-
fore thought to belong to the shelf sequence.
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The overall aspect of the shelf sequence
suggests that the environment of deposition became
progressively deeper during the Ordovician.

The Northwest Arm Formation cannot be long to
the shelf sequence because it is coeval with the
St. George Formation and is of very different facies.
It is therefore placed in the eugeosynclinal sequence,
The Mailden Point and Goose Cove Formations contain
volcanic beds which are totally lacking from the
shelf sequence, these formations are thus placed in

the eugeosynclinal sequence,

(6L)
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IGNEOUS INTRUSIONS

Gabbro

Gabbro intrudes the Maiden Point Formation
in four'places in this area; near St. Anthony,
south of Milan Arm, in Pistolet Bay, and in the mouth
of Howe Harbour. Field evidence suggests to the
author that the intrusions are small stocks, and not
sills as reported by Cooper (1937, p.22). At two
localities they are overridden by the Irelsnd's Bight
thrust.

The gabbro consists essentially of titanaugite
and altered plagioclase, with accessory apatite,

1lmentite, and secondary chlorite.

Dikes
A few diabase dikes cut the lower part of the
Maiden Point Formation. One of these dikes, considered

representative of them all, contains plagioclase,
clinopyroxene, and orthopyroxene all partially altered

to chlorite.

Ultrabasic bodies

t
Serpeninised peridotites occur in several parts

of the Plstolet Bay area, with the largest masses forming

(65)



the White Hills (Fig. 19). These masses are
characterised by the bright orasnge surface colour-
ation resulting from weathering.

Cooper (1937, p.20) was the first to map the
peridotite of the White Hills.,

The most complete account of the mineralogy
of this intrusion 1is supplied by Shepherd (1962) in =
report of the Patino Mining Company. He found that
most of the intrusion is a porphyritic augite serpen-
tinite with augite phenocrysts forming 15 to 25 per cent
of the rock., Variations in the concentration of pyroxene
produce a marked layering. The augite is altered
locally to tremolite and chlorite and is set in a matrix
of tremolite and dark green serpentine. Thin veins of
serpentinised peridotiteatre found locally in the centre
of the peridotite bodies. Shepherd observed that massive
serpentinite occurs around the margin of the intrusion
and at the base, a dense serpentinite includes partially
digested fragments of country rock. The author of this
thesis also found hornblendite composed of brown horn-
blende, biotite and magnetite. Only serpentinite out-

crops in Milan Arm and on Quirpon Island.
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Thickness of the White Hills intrusions

Cooper (1937, p.ll) suggested that the White
Hills peridotites were thin bodies which had been
thrust, together with their aureole over the under-
lying sediments. The following points support his
suggestion that the ultrabasic rocks are thin bodies :

1) The base of the peridotite approximately
follows the contour lines.

2) The distribution of magnetic highs (Patino
Mining Company, personal ¢ ommunication)
associated with the peridotites corresponds
with the topographic highs.

These two points together suggest that
peridotite lies only beneath the srea
where it outecrops and not elsewhere.

3) 1Irelsnd's Brook cuts through the peridotite
into the metamorphic rocks below.

) Gneiss is found in the centre of an anticline
in the Eastern White Hills, |

5) The peridotite does not cause a gravity
anomaly (D. Weaver personal communication).

6) Negative magnetic values are found all around
the margin of the intrusion.

7) Amphibolite near the peridotite dips towards

1t at small angles.
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Because the peridotite does not cause a gravity
anomaly it cannot be more than 1500 m thick (personal
communication D, Weaver). Point no. 6 indicates that
the dip of the base is low., The peridotite must there- 3
fore be sheet-like in form. The fleld relations of the
péridotite to the surrounding me tamorphic rocks suggest
a.probablé thickness of 200 m and a nearly horizontal
base., The extent of the metamarphic aureole to the
southeast also suggests that the lower surface is
approximately flat., The outermost portion of the
aureole 1s too far from the intrusion (7 km) to have
been metamorphosed by it unless it originally extended
over it.

This suggests that the peridotite may be inter-
preted as a sill or the basal part of a thicker intrusion.

The evidence presented leaves two possible inter-
pretations, a) the peridotite is in place but has a
neck too thin to produce a gravity anomaly or b) the
peridotite has been separated from its roots.

At the north end of Howe Harbour the peridotite
overlies ummetamorphosed shale which would have been
metamorphosed had the peridotite been intruded in its
present position. Elsewhere it i1s underlain by meta-
morphosed volcanic beds on three sides of which there
1s good evidence for thrusts (see p.86 ). The author
therefore agrees with the suggestion of Cooper (1937,
p. 13) that the peridotite and its metasmorphic aureole

form a thrust slics,
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Lge of the intrusions

No samples found by the author in this region
contained sufficient biotite for radiometric dating
and no other method for directly dating the intrusion
is available. Some indirect evidence is however
available. The nearest radiometrically dated ultra-
basic intrusion is at Mount Albert in Gaspe which is
dated as 1495 m.y. This is earliest Ordovician according
to the time scale published by the Geological Society of
London (196l). The peridotites in Newfoundland are undated,
they cut Lower Ordovician but not Middle Ordovician strata.
The peridotite is accordingly considered to be Lower
Ordovician.

Gabbro cuts the Maiden Point Formation and is
truncated by the Irelané's Bight thrust. Its intrusion
must therefore be later than the deposition of the
Maiden Point Formation and prior to the thrusting.

The relationship of the gabbro to the peridotite is
unknown but the two rock types are commonly associated
in other parts of the world and it is probable that
they are both part of the same igneous cycle and may

thus have been intruded at about the same time.
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THE MATAMORPIIC AUREOLE

Attention is here confined to the beds in the
White Hills because the slates and other low grade
rocks of the Maiden Point Formation are fully described
in other chapters,

The ultrabasic intrusion is almost completely
surrounded by a metamorphic aureole grading from hornblende
gneiss at the contact to & slightly metamorphosed volcanic
rocks farthest from it. This aureole is about 150 m
thick if the peridotite is assumed to have a horizontal
base (p. 68).

The most common mineral assemblage in the rocks
of the inner part of the aureole is: amphibole (70%) ,
altered plagioclase (25%), and quartz (5%), often with
accessory sphene, spatite and iron ore. The other
common assemblage is biotite, garnet and quartz in approx-
imately equal amounts, This latter assemblage occurs
only as thin layers within the first. The mineralogy
suggests that the original rock was a basic tuff with
thin lamin2e of shale. The beds furthest from the intrusion

are chloritised volcanic rocks with some black shale.

The problem posed by the aureole

Most peridotites and serpentinites have very thin
metamorphic aureoles, this peridotite does not. Because

many peridotites have thin aureoles it has been thought that
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peridotites were intruded at relatively low temper-
atures. Many peridotites were intruded into rocks
which had already undergone, or were later to undergo
regional metamorphism and structural deformation which
occluded whatever contact metamorphism there was.
Elsewhere retrogressive metamorphism has obscured the
original aureole. Many peridotites have been serpent-
inised, a process which allows them to be structurally
intruded without metamorphosing the new host rock,
rather like salt and gypsum. Thus peridotites are
unlikely to retain an aureole in an identifiable
condition.

Several peridotites with extensive sureoles have
been described recently. These are present at the Bay
of Islands (Smith 1958), Mount Albert (MacGregor 1963),
Tinaquilo (MacKenzie 1960), Blue River (Wolve, 196l),
Lizard (Green 196l), and the Red Hills New Zealand
(Challis 1965). The intrusions have contact aureoles
of respectively 150, 450, 600, 120, (not given) and
230 metres thick. The White Hills intrusion is 150 m
thick.

Several changes in mineralogy have been noted
between the inside and outside of the above mentioned
aureoles but of these only one was noted in the White

Hills aureole.
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Plagioclase in the rocks of the aureole surrounding
the White Hills intrusion is mostly too altered to permit
determination of composition by optical methods. Three
determinations however indicate increasing anorthite
content toward the intrusion, as do the plagioclases
in other peridotite aureoles,

Both the colour and intensity of absoré}ion in
the amphiboles are highly varieble and cannot be related
to the distance from the intrusion. No diopside, prehnite,
or calcite was found in the rocks closest to the intrusion,
and'no change in the proportion of garnet was observed.

The average grain size increases from 0.01 cm at the
margin to 0.1 cm near the peridotite, a change not
recorded in other peridotite aureoles.

It seems likelyvthat the metamorphism of these
rocks was caused by the intrusion because of the gradation

between the chloritized volcanic rocks away from the

peridotite and the hornblende gneiss near it,
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STRUCTURE

History of investigation

Richardson (in Logan 1803, p.876) reported three
normal faults and one thrust in Pistolet Bay. Murray
(Murray and Howley 1881, p.26) mentioned the contorted

nature of the schist at Goose Cove and the thrust on

- Hare Island (' op, eit. p.23 ).

The main elements of the structure were worked
out by Cooper (1937, p.ll). He described the thrusts,
normal faults and the attitude of the folding in the
region he mapped, but because he did not map further
north than the southern part of Pistolet Bay, he did not
describe many structures in the area covered by this
report.

Kindle (1945, p.ll) noted the structure of the
limestones and shales and the overturned folds in the
Malden Point Formation.

Shepherd (1962) made no comment on the general

structure of the area but mentioned folds in the perido-
tite.

E
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General structural description ( figs 20, 36, & 37)

The area south of Cape Norman is underlain by

dolomite which dips gently to the southeast (Fig. 20).

A NNE striking fault which meets the coast at Wild

Bight separates the dolomite from an area of limestone
outcrop. The limestone shows very little sign of

bedding and is much cut by calcite veins, joints and
faults which strike in many directions. A plot of

these joints end faults shows that the majority strike NNE.
The stratification although obscure appears to dip to

the ESE.

A normsl fault zone separates the Table Head
limestones from the Goose Tickle Farmation in Shallow
Bay. Movement appears to have been along numerous
fault planes., On Schooner Islend St. George and Table
Head limestones are folded into a southwest plunging syn-
cline.

The Goose Tickle beds in Shallow Bay dip toward the
west, They are steeply dipping on both sides of the
bay and almost flat lying in the centre. The beds form
a series of open anticlines and synclines that have a
wavelength of 1 - 2 m and are slightly asymmetric.
Axial planes dip steeply to the southeast and the axes
plunge gently southwest. Smaell jolnts which trend NNE
cut the beds every 20 cm or so., Slickensides in this

bay are common and trend NW (Fig. 22).
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On Boisee Peninsula the Goose Tickle shales are
agaln separated from Table Head limestones to the
west by a normal fault but because the overall dip is
to the southeast the shales outerop further southeast
in Pistolet Bay. The shales in Pistolet Bay have an
average dip of 30° to the southeast; some asymmetric
folds with axlal planes dipping steeply southeast are
present. The axes of folds plunge gently both north-
ward and southward. The cleavage dips steeply to the
southeast, Subvertical joints striking NNE occur
every few centimetres and slickensides trending NW
cross many nearly horizontal surfaces., Near Triangle
Point normal faults striking NNE bring beds of the
Northwest Arm Formation to the surface at several
places. The frequency of calcite veins increases
towsrd the east.

The limestones of Burnt Island are thrust
westward over shales but because of the eastward dip
the shales reappear on the east side of the island
(Fig. 37, cross section A - B).,

On the east side of Pistolet Bay, volcanic beds
of the Maiden Point Formaetion are thrust over the

shales. Little internal structure can be seen in the
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volcanic beds except that they dip eastwards.
Slickensides on surfaces are common and are highly
variable in direction. DRose diagrams of these show
a preferred orientation toward the NW (Fig. 23J).

To the east of the volcanic beds, sandstones
are mostly folded into anticlines and synclines with
wavelengths of about 30 m‘and amplitudes of 10 m.
The folds are slightly inclined with steep limbs
lying on the west side of anticlines (Fig. 37 cross-
sections). Nearly flat lying isoclinal folds are

apparent in two places in St. Anthony Bight.

Locally the cleavage is less steep than the bedding and

the beds are overturned. The dips in the Maiden Point

Formation are dominantly east or south. Slickensides

have a preferred orientation to the NW quadrant (Fig. 2l).
The White Islands are formed of rocks of a different

lithology, quartzites, from the greywackes and shales on

the mainland and a fault with downthrow to the west

is thought to separate them. The quartzites of the

White Islands have a constant dip of 50° eastward.

The cleavage which dips eastward at 750 is well developed

in the sandstones on the western part of the islands but

is much less pronounced in the east.
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To the south of Pistolet Bay lies a large thrust
sheet of peridotite and its metamorphic aureole. This
has been thrust westward (see p.86 for discussion) over
the Goose Tickle and Maiden Point Formations. The
peridotite is folded in gentle anticlines and synclines
with axes trending NNE (Fig. 37, cross section E-F).

One anticline brings gneiss to the surface in the middle
of the peridotite. The peridotite has well developed
sheet jointing near the base (Shepherd personal communi-
cation), which might have been caused by the thrusting.

Shales exposed in Howe Harbour and along the coast
west of Locks Cove dip eastwards at 30° to 60°.
Several faults separate small outcrops of Northwest
Arm Formation from the Goose Tickle Formation., Lime-
stone of the Table Head Formation is thrust westward

over the shales on Hare Island.

Folds and associated structures

Goose Tickle Formation

The beds of this formation are gently folded
although most of the beds dip toward the southeast.
Most of the folds have low dipping limbs, and axisl
planes that dip steeply to the southeast. Overturned
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folds occur singly and the beds on either side have

low dips. The folds plunge gently SSW. No evidence

was seen for 1isoclinal folds but the lack of top and
bottom criteria in parts of the section make it impossible
to disprove.

The cleavage in the Goose Tickle Formation dips
steeply to the east or southeast parallel to the axial
planes of the folds, In the argillites 1t is a planar
slaty cleavage. The argillites break more easily along
the cleavage than the bedding but the sandstones and
siltstones fracture con%?idally or along the bedding
planes.,

The Goose Tickle shales are cut by calcite veins.
These increase toward the eastern side of Pistolet Bay.
Most of the veins cut obliquely northward across the
bedding. A large number of these veins are found just
south of Rasleigh where one large veln up to one metre
wlde is accompanied by many smaller ones arranged én

echelon,

Northwest Arm Formstion

The sandstone beds of the Northwest Arm Formation
are faulted and contorted (Plates 18 and 19). They have
commonly been deformed so that the only remenents of the

beds are lines of sandstone blocks in a matrix of shale.
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At first appearance these look like blocks which have
fallen into the shale as it was being deposited.
However, the blocks are aligned end flute and groove
marks in each block in a line have the same orien-
tation thus indicating that the blocks once formed a
continuous sedimentary deposit which was subsequently

disrupted. The lines of blocks cannot be followed

for more than a few metres because of abundant faulting.

Folds in the beds can be seen in some places, but in
others they are only known to be present because of
the sole markings. The folds in the Northwest Arm
Formation are isoclinal or nearly so. The axes of
the folds tend to lie on a plane dipping steeply ESE
(see Fig. ESB) The axes of many of the smaller folds
plunge down the dip of this plane., They open to the
north and to the south in about equal proportions,
At several exposures of the Northwest Arm Formation
only black and green shales are present. The cleavage
makes these beds look like a simple succession but
wherever a thin sandstone band occurs it is folded
and discontinuous thus suggesting strongly that the
enclosing beds are also folded and faulted.,

In general the cleavage 1s steeply dipping toward

the southeast. No planar cleavage is found in the
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Northwest Arm Formation. The shales break into
lozenge-shaped flakes and the cleavage is a series
of Iinterweaving curves, The flakes of shale have
shiny surfaces possibly caused by slight movement
of the flakes against one another. This type of
cleavage has been called reticulate cleavage by
Crook (196l). The cleavage is deflected round the
blocks of more competent material in the shales and
the shale is thickened in the hinge areas of folds,
thus suggesting plastic flowage. Where the competsnt
beds have not been broken they are bent into acute
folds which show no sign of cleavage.

It seems as though the shales were mobile and
the sandstones were in a state in which they could be
acutely folded without developing cleavage or fracture,
or could be squeezed into boudins. This suggests that
the beds were still largely unconsolidated when deformed.
The lozenge shaped fragments into which the shale breaks
reminds one of the argille scagl&gg X%i%ﬁoﬁ%ﬁgehe lozenges
in the Pistolet Bay beds are much thicker,

Structural comparison of the Goose Tickle and
Northwest Arm formations

The internal structure of the Northwest Arm Form-
ation 1s very different from the surrounding Goose Tickle
Formation. These structural differences cannot be attri-
buted to differences in lithology for both are shales

with some sandstone beds.
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Structure

Tolds

overturned folds

isoclinal folds

axial planes dip

reclined folds

Competent beds
squeezed into
boudins

beds traceable
for short
distances

NNE joints

cleavage

cleavage orien-
tation

Table )-I-o

Goose Tickle Fm,

not very common
rare

none

S.outheast

none

never

sometimes
conmon

planar

dips steeply SE

Northwest Arm Fm,

very common
very common
common
Southeast

many

usually

always
common

reticulate

dips steeply SE

Comparison of structures in the

Goose Tickle and Northwest Arm Formations

Malden Point Formation

The folds in the Maiden Point Formation are

usually asymmetric with longer and more gently

dipping limbs on the east side of the anticlines.

The axial planes dip steeply ESE in most places,

The axes of folds in the Maiden Point Formation

werePlotted on an equal area net,

It was found

that the axes generally plunge to the SSE (Fig. 26)

but the distribution of fold axes in the northern

part of the area appeared to be random. The majority

of folds have limbs dipping at less than 40° but
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Orientation of Fold Axes
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in some places the limbs are steeper or overturned.
The two best exposed overturned folds are in St. Anthony
Bight (Plates 20 - 22). Both folds have horizontal
fold axes trending ESE and the beds are overturned
toward the north. This is at right angles to the
normal trend. A plot of poles of limbs of folds
in this formation shows no indication that the steeper
beds are associated with more easterly trending
axes. The beds for 350 m west of one of these folds are over-
turned but the dips change so that no great thickness
of beds gre neccesarily involved. The dip
of the cleavage is constantly shallow in that
area. The eastern overturned fold consists of a
pile of isoclinal recumbent folds resting on top
of one another, (Plate 21). Isoclinal folds may
be more common than recorded becsause the hinge
areas are infrequently seen, and top and bottom
criteria are often missing. The majority of beds in
this area dip ESE or WNW and the folds plunge to
the SSW but there are some beds, including those
in the overturned folds in St. Anthony Bight which
strike at right angles to the regional trend. These
are thought to be the limbs of cross folds.
The cleavage in the Maiden Point Formation is
planar and dips in the sesme SE direction as that
of the Goose Tickle Formation although it often dips less
steeply. A change in the dip of the cleavage
(82)



can be seen where it passes through graded beds;
slaty cleavage in argillites is replaced by fracture

cleavage in the coarser beds,

Mechanism of Folding

The ma jority of folds with axial planes dipping
ESE have been formed by movement of beds from the
SE., They possibly developed during the rise of
the basement in the eastern part of the area (see
Pe. 100 )¢ The folds overturned northward in St,
Anthony Bight and east trending steep beds elsewhere
may represent cross folds that resulted from the
rising of the Long Range to the south, The dominant
fold plunge for most of the area is to the SSW,
but south of Hare Bay the folds, plunge northward,
away from the Long Range. This change of plunge
takes place about an axis which 1s probably parallel
to the axis of the cross folds. Both the warping
and the cross folding could have occured by beds
slipping off the uplifted surface of the Long

Range.

Thrusts

The word "thrust" is used below for low angle
dislocations without any inferrence to their mode
of origin,

Two major thrusts are found in this area.
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The lowest is here named the Raleigh thrust because
it is best exposed near the village of that name.

As a result of this thrust the Maiden Point Formation
overlies the Goose Tickle Formation, The second

ma jor thrust, nsmed the Here Bay thrust by Cooper,
(1937, p. 15) brings the metamorphic aureole of

the peridotite over the Maiden Point Formation.

Raleigh Thrust

The volcanic member of the Maiden Point Formation
rests directly on the Goose Tickle Formation in
a number of exposures northeast of Raleigh, The
bedding and cleavage in the shales dip steeply
toward the southeast, but just below the assumed
thrust plane they are deflected northwest to a
nearly horizontal position. The volcanic strata
on the other hand dip gently to the south east,
(Plates 1 and 15).

Near the junctlion both the volcanic rocks and
the shales are more chloritised than elsewhere.
The shales and volcanic beds are separated by a
distinct undulating surface, the thrust plane, with
an overall dip of 2 or 3 degrees to the south
east. Where they outcrop the shales beneath the
thrust are commonly eroded leaving the volcanic
beds overhanging. Only at one locality was it
completely clear that the bedding in the shales
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1s cut off at the contact.

South of Raleigh a single exposure of the
thrust can be seen on the east side of Pistolet
Bay. Here the lower surface of the volcanic beds
dips east at 50° and has slickensides trending down
dip. Usually outcrops of the shale and volcanic
beds are separated by covered ground,

Volcanic beds of the Maiden Point Formatioen
lie above the shales of the Goose Tickle Formation
on the southeast shore of Pistolet Bay. The contact
is obscure and the units are separated by about
100 m of muddy shore without outcrop. The junction
although not seen can be traced diagonally up the
wooded hills south of the road just west of Wester
Brook. The shales dip at 30° to 60° to the southeast.
No evidence of isoclinal folding was seen but
because of a lack of top and bottom criteria this
could not be ruled out. The volcanic beds dip to
the southeast at 10° to 20° and are apparently
unfolded. The inland exposures are poor and the
outcrops scattered.

To sum up, the features of the asssumed thrust
planefggeaggafgffgwgsds
1) Strike of the beds on both sides are the same

but the shales dip more steeply than the volcanic

beds., The shales are folded whereas the volcanic

beds are not.
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2) The bedding in shales is cut off at the junction.
3) The cleavage and bedding in the shales are

flattened just below the junction,
) The plane separating the lithologies is undulating.
5) The type of shale underlying the volcanic

beds varies,
6) Slickensides are present in the beds above

and below the junction.

These features can only be explained by consid-
ering the. contact to be thrust.

The trends of slickensides and the dip of
the axial planes of folds suggest that the beds
moved to the northwest. If this were the case then,
assuming the front of the thrust is at right angles
to the direction of movement, the minimum distance
of transport of the thrust sheet is the distance
between the most northwestern outcrop of the Maiden
Point Formation and the most southeastern exposure
of the Goose Tickle Formation when projected onto
a northwest trending line. This distance is four
kilometres. Facles differences suggest that the
actual distance of movement is probably much greater

(see p. 99 ).

Hare Bay Thrust

This thrust was well described by Cooper,
(1937, p. 15). The writer has seen it clearly exposed
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along the northern shore of Hare Bay and at St. Anthony.
the Goose Cove Yormati

Slightly metamorphosed volcanic bgé;Arest
upon upturned beds of Maiden Point Formastlion at
Ireland's Bight. The volcanic beds are almost
horizontal but the shales and sandstones of the
Maiden Point Fermation dip at abouﬁ:hSo to the
southeast. The beds of the Maiden Polint Formation
are bent toward the northwest just below the contact
and are truncated. The metamorphic beds rest on
the Maiden Point Formation on both sides of Howe
Harbour,

At Fishing Point metamorphic rocks rest
upon the sandstone and gabbro of the Maiden Point
Formation. The beds of the Maiden Point Formation
are certainly cut off below the contact here and
the lowest beds of the Goose Cove Formation are
contorted.

This junction, although not exposed elsewhere,
shows up well in the topography. The schist forms
higher ground than the sandstones and shales and
an escarpment marks their junction. A number
of streams cross this junction but in each case
at least 8 m of covered ground separates the highest
exposure of sandstone and the lowest of schist,
Where the metavolcanic beds rest upon the volcanic
member of the Maiden Point it is difficult to draw
a boundary. The metamorphic beds lie directly

(87)



upon Goose Tickle shales 1n the central and southern

parts of the plain south of Pistolet Bay.

Summary of Data on the Contact

1)

2)

3)

L)

5)

6)

7)

8)

The Maiden Point beds are trunceted at the
contact.

The Goose Cove beds rest upon Goose Tickle
shalés in the west, the volcanic member of

the Maiden Point in the central part, and

on the sandstones and slates of the Maiden

Point in the east.

The bedding in the Maiden Point Formation

dips at 30° to 50° whereas it is 5° to 10°

in the Goose Cove Formation. Both have approx-
mately the same strike.

Most of the rocks below the contact are sandstones
and slates whereas those above are metamorphosed
volcanic rocks with rare slate laminae.,

Gabbro intrusions are cut off at the contact

and do not penetrate the Goose Cove rocks.

No gradation in lithologles is seen near the

. contact,

The lowest beds of the metamorphic rocks
are contorted,

The plane of contact is not always parallel
to the bedding of the metamorphic rocks and

sometimes cuts across it.
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The evidence presented above can only be
satisfactorily explained by a thrust,
If the metamorphic aureole and peridotite
are considered to be have been thrust into their
present position then thelr relationship to the
other rocks becomes much clearer., The thrust
rises stratigraphically across the metamorphic
rocks (Section E-F Fig. 37). This explains why
the peridotite rests on the Goose Tickle Formation
in Howe Harbour and gneiss on the Goose Tickle
Formation just south of there. Further southeast
the gneiss is underlain by less highly metamorphosed
rocks and these increase in thickness in that direction.
The alignment of movement on the thrust 1s
given by the orientation of the slickensides,
These invariable show maximum aligmnment 1n the northeast
quadrant (Fig. 23 and 2l}) . Where slickensides azi-
muths and orientation of fold axes were measured in
the same area the peaks of the plots appear to be at
right angles to one another (see Fig. 22). This
suggests a genetic connection between the slickensides
and the folds. Most of the folds have axes trending
NNE and axial planes dipping ESE, This indicates that
during folding the upper beds moved NW relative to
the lower ones., It is thus concluded that the direc-
tion of movement of the thrust was from the SE,
The minimum distance the thrust sheet has moved
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is the distance between the most northwesterly portion
of the thrust sheet and the most southeastern outcrop

of the underlying beds (Maiden Point Formation), some

23 km,

Other thrusts

/]
1
[N

/‘

The St. George Formation has been thrust over the

Goose Tickle Formation on the west side of Burnt Island.’;
The beds of the Goose Tickle Formation are strongly
folded just below the thrust (Plate 17). The eastern
limbs of the anticlines are nearly horizontal and
the western ones nearly vertical. Axial planes dip
at about ho° ESE and axes are approximately horizontal.
Both the amplitude and the inclination of the folds
decreases away from the thrust. The limestone
immediately above it is massive and without obvious
bedding but higher up it shows dips inclined gently
to the east. The actual contact is obscured but
the shales and siltstones dip below the limestones,
No breccia or striations were seen. The plane of the
thrust which is very uneven with undulations of as
much as 15° has ageneral dip of 5° to 10o to the
ESE. |

The shales which outcrop on the western side
of Hare Island are coveréd by massive Table Head
limestone on the eastern side. The junction is
a thrust which runs along the length of the island and

(90)



was mapped by Cooper (1937, map )e
Massive limestone belonging to the Table Head
Formation rests upon unfossiliferous shales on the
east side of Wild Bight. The shales may be a lens
or part of the Goose Tickle Formation. Only one
metre of shales 1s exposed above sea level, The
shales are folded, the eastern limbs of the anticlines
are less steep than the western ones. The axial
planes dip at 60° to the ESE and plunge of the axes
of the folds change from 15° NNE to 15° SSW; (Plate 16).
The shale appearx to dip below the limestone snd is
not cut off, The edge of the limestone which runs
NNE is separsted from the shales by about one metre
of covered ground., This junction was considered
to be a fault by Richardson (in Logan, 1863, p. 872).
It 1s quite possible that this is only a minor
plane of movement. Two shale lenses in the inlet
south of Cooks Harbour show similar features,
folded shales with the lower contact conformable
and the upper one obscured. The shale lens at
the mouth of this inlet has been very much distorted.
The siltstone beds have been broken into boudins.
Many of the contacts between the Northwest
Arm and Goose Tickle Formations are obscured and

could be low or high angle faults.,
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Normal and Other Faults

Normal Faults, NNE Striking (Fig. 28)

NNE striking normal faults largely control
the present distribution of formations., Many of
these arejgﬁ}ggggbecause they bring one lithology
against another, and probably many remain undetected
“because they do not. Several of these NNE striking
faults.'are shown on the map and of these two are
1mpoftant, the Wild Bight Fault and the Shallow
Bay Fault.

The junction of the St. George and the Table
Head Formations can be traced southward for 12 km
from Wild Bight. Overall the strike of the two
formations is parallel but in detail this is not so.
A fault between the formations is exposed on the
shore in the centre of Wild Bight. The beds of the
St. George ére bent downwards and those of the
Table Head upwards immediately adjacent to the
fault but where the cross-section C -%?%u%%ses
the fault the dips suggest that, on a scale of tens
of metfes the fault movement has changed the dips in
the opposite sense, as though the fault had movediup
on the east side. This is reverse drag which may
be considered as an alternative mechanism to entithetic

faulting for occupying the space left by a normal fault
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whose fracture plane is curved (see Hamblin, 1965).
Changes in lithology of the fragments in the trace
of the fault suggest that several fault slices are
Apresent. The fault dies out to the southwest of the
area.

The fasult between the shales and limestones on
the west side of the bay 1s best seen s few metres
to the east of a small island south of Cooks Harbour.
Massive limestone forms most of the island but at low
tide shales can be seen on its eastern side, These
are much contorted near the fault. The limestones
and shales are separated by about one metre of covered
ground, The amount of throw is unknown but it cannot
be greater than the combined thickness of the Table
Head and lower part of the Goose Tickle Formation.
The west side has moved upwards., The fault can be
traced inland because of the limestone forms an

escarpment.

NW Striking Faults (Fig. 28)

Several normal faults striking NW were discovered
and are marked on the map (Fig. 36). One which 1is
clearly exposed at Triangle Point separates Northwest
Arm Formation from Goose Tickle Formation, The NW
striking fault at Locks Cove cuts the Goose Cove and
Northwest Arm Formations and must therefore be post

thrusting. A fault striking in the same direction
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cuts the thrust on Burnt Islend. The fault marked on
the map near St. Carols can be seen as a lineament on
the air photographs but cannot be detected on the
ground although the proportion of shale to greywacke

increases north of it.

Age of Normal Faults

Normal faults cut Middle Ordovician beds so the
most recent movement must be post Middle Ordovician.
A large fault which may be normal or strike-slip,

runs along the east coast of the Great Northern Penin-

sula and has had at least three periods of movement (Baird

1966) Pre-Horton, pre-Windsor and pre-Westphalian.,

Joints

Vertical joints trending NNE are a feature of the
St. George and Table Head limestones where the beds
have not been greatly disturbed. The beds near Cooks
Point and in the northern part of Schooner Island
have joints striking in many directions but plots
indicate a maximum orientation NNE - SSW, The Goose
Tickle and North West Arm shaeles are cut by innumerable
joints trending in the same direction. They are spaced
every few centimetres. Joints in this direction were
not seen in the Maiden Point or Goose Cove Formations
or in the veridotite but some were seen on the air-
photographs of the areas underlain by tﬁese beds.

Dikes trending NNE occur in the Long Range
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(Clifford and Baird, 1962)., It is not known whether

these were injected at the same time as the formation
and joints

of the NNE trending normal faults,4 ut they suggest

the same stress system - maximum tension at right

angles to their trend.

Other Faults

The Cabot fault which is thought (Wilson, 1961)
to have a large sggke slip displacement runs along the
east coast of the Great Northern Peninsula. Because
of the proximity of this fault the author expected
to find some evidence of strike slip faulting in the
Pistolet Bay area. Fold patterns and slickensides
were examined with this in mind., No evidence of
strike-slip faulting 1s seen in the fold pattern.
Five of the six plots of slickensides have a minor
peak lying between west and southwest (Figs. 23 and 24).
Not only do these not trend in’quite the right
direction but also they are only found on near hori-
zontal surfaces not on NNE striking vertical faces
as would be expected if they had been caused by
strike slip faulting.

Sequence of Structurél Events

Some structural events in the area can be
related to one another and can be placed in sequence,

but others are more elusive. The broad movements
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reflected in the sedimentology have been discussed
at the end of the section on sedimentology.

The folding in the Northwest Arm Formation
is very different from that in the adjacent Goose
Tickle Formation although tne lithologies are similar,
This suggests the beds were folded before they
were thrust into their present position. The thrusts
cut across the folded strata beneath them and are
therefore thought to be later than the major phase
of folding. The SSW plunge of the beds and the
cross folding affects all the formatioﬁs and is thus
likely to have occured after the beds were thrust into
their present positions.

Joints in the area are always vertical, even
across folded beds. This suggests folding preceeded
the formation of the joints. Normal faults strike
NNE, are parallel to the joints and probably originated
at the same time. The upper thrust sheet is cut
by a NW trending fault west of Locks Cove and the
smaller Burnt Island thrust is also cut by & normal
fault with that trend. The Nw.trending faults are
therefore later than the thrusts. Joints trending
NNE and NW can be seen on the air photographs to
cut all the lithologies, allochthonous or not. The
relation of the NNE and NW trending faults is unknown

because they were never observed to intersect.
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B bt rertaei kst

The order of events is:
1) Folding
2) Thrusting
3) Normal faulting and formation of joints
L) Movement causing plunge of fold axes and cross
folds
It is thought that the allochthonon moved into its
present position by gravity sliding (p. 98). If this
is so then the folding in the allochthonous beds took place
immediately before the formation of the thrusts in this

area,
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ORIGIN AND MOVEMENT OF THE ALLOCHTHON

Several lines of evidence have been presented
that suggest that of some of the beds are not at
their original sites of deposition. If this is so
it is important to find out where these beds were
originally deposited, and how and when they moved
to their present site.

The author thinks that the Northwest Arm Forma-
tion is allochthonous because:

1) The St. George and Northwest Arm Formations

are of contemporaneous but very different facies

not likely to have been deposited as close together
as they are now (see p. 61 ).

2) The structural differences between the Northwest
Arm Formation and the surrounding Goose Tickle Forma-
tion are not attributable to differing lithologies
(p. 80 ).

It is more difficult to prove that the Maiden
Point and Goose Cove Formations are allochthonous
because no direct evidence of their age has been
obtained, but they are thought to be Lowed; Ordovician
or older. (see p. 35 ) The Maiden Point and
Goose Cove Formations both belong to a eugeosynclinal
facies, whereas all the known Cambrian and Ordovician
rocks in this region, except those of the Northwest
Arm Formation are shelf or miogeosynclinal sediments.

(98)



The marked facies differences and the major thrusts
underlying both formations suggest that they have

moved s considerable distance.

Mechanism of Movement ©

Hubbert and Rubey (1959) have.splveq one of the
major problems posed by thrusting and gravity sliding -
that of friction., Their studies show that when water
pressure approaches the pressure due to the overlying
weight of rock the friction 1s very considerably
reduced. They state that this is most 1likely to
happen in rocks such as unconsolidated shales and
sandstones with high porosity and low permeability.

The Northwest Arm Formation consists of sandstones
and shales which while they were unlithified could
have reduced friction due to the water trapped in the
pores, The base of the Maiden Point Formation consists
at least in part of volcanic rocks., Although this
lithology does not seem to be satisfactory for the
operation of Hubbert and Rubey's mechanism, gravity
sliding in volcanic beds is well known (exasmples in
North 196l4). The lower part of the upper thrust
sheet 1s serpentinite near the front and metamorphosed
volcanic beds behind it. Serpentine has acted as a
lubricant in many examples of gravity gliding, (Kozary
in North 196l).

A gravity survey over the St, Anthony region
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showed that a sharp change in gravity occurs in the

eastern half of this area, (personal communication,

Weaver). This may well indicate that the basement

rises toward the east and this could be the slope

which caused the gravity sliding. The present slope
of the thrust planes may be due to beds " piling

up at the bottom of the slope (see Fig. 34 - 8).

Gravity sliding is preferable to thrusting due to

horizontal compression because a gravity slide would

move under its own weight and no forces would need
to be transmitted long distances within the sheet.

Thus the only force acting on easch particle is 1its

own weight and that of particles vertically above it.
DeSitter (1964, p. 254) puts}fbrward the following

criteria for distinguishing gravity sliding from
thrusting due to horizontal compression:

1) An appropriate slope should exist.

Results from a gravity survey may be
interpreted to indicate that the basement
rises to the east (D. Weaver, personal
communication)

2) A downward plunge at the rear is characteristic
of thrusts due to compression and an upward
curve would be expected for a gravity slide.

The rear end is not seen in this area

3) A thrust sheet due to horizontal compression

has no inverted limb; the inverted position
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L)

5)

of a large mass is strong evidence for gravity
sliding.

No large masses are inverted in this area.
Chaotic structure and isolated slabs in an
incompetent matrix are valuable evidence for
gravity sliding; a thrust mass should be coherent
and competent.

The structure is chaotic in places and

isolated slabs in a weak matrix are found

in the Northwest Arm Formation,
In small scale gravity sliding the folds are
discontinuous and have no relation with the
surrounding trends; the opposite is true of
thrusting due to horizontsl compression.

The folds in the Northwest Arm Formation

are discontinuous.

It can be seen that, except for the presence

of inverted masses, all these criteria for gravity

sliding are satisfied by the beds of the Northwest

Arm Formation,

The Northwest Arm beds are chaotic and are thought

to have arrived by gravity sliding, assoclated with

other more competent beds. The situation is similar

in the classical area for gravity sliding, the

Appennines (Maxwell, 1959), and also in Turkey,

and Ortesini

(:0cRighi, 1964). In both these sreas all the alloch-

thonous beds are thought to have slid under gravity.
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Probably all the allochthonous beds in the Pistolet
Bay area have also arrived by gravity sliding.

The Goose Cove and Maiden Point Formations
moved as relatively coherent bodies. This type
of movement is classed by North (196lL) as compressional
glide. The Northwest Arm Formation on the other hand

is much more chaotic than the Goose Cove Formation

but not as chaotic as the argille scaliose (Maxwell, L2

1959) . The pattern of deformed rocks appears to be
similar to that found by Kozary in Cuba, (in North
196l) and is called chaotic glide by North.

One feature that might suggest horizontal compres-
sion rather than gravity sliding of the Maiden Point
Formation is that in this formation folds become
tighter to the east. A "push" from the rear could
result in this arrangement. However the prevalence of
tighter folds towerd the east 1s because the beds on
the east coast are mostly slates which form sharper folds
than the thick bedded sandstones. The folds in the
few sandstone beds in the east are no more acute than
similar beds in the west,

The metamorphism of the beds esst of Quirpon
Islend may have been caused by another ultrabasic
intrusion or by regional metamorphism not related to
gravity sliding.

A further reason why gravity sliding is considered
a more satisfactory mechanism than horizontal com-
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pression for the Pistolet Bay area is the analogy
with the southern klippe. Rodgers and Neale (1963,
p. 726) state

"One might suggest that they (the klippe rocks)
are merely remanants of a grest thrust sheet that
was once continuous over the whole area of the Great
Northern Peninsula and extended to the south and east
as far as the source area, having been pushed later-
ally from here by tangental orogenic forces. If,
however, one attempts to restore the materials of so
vast a thrust sheet to their original position, the
amount of shortening in the source area becomes ex-
treme."

Although no such argument can be produced from
the Pistolet Bay area, the strong resemblance -to
the geology of the west coast suggests that if the
beds there were moved by gravity then a similar

mechanism was operative in Pistolet Bay.

Original Distribution and Order of Arrival

The sllochthonous beds occur in three separate
sheets. The sheet containing the Goose Cove Amphi-
bolites and peridotite intrusion lies above the
Maiden Point sheet, but the relation of the sheet
containing the Northwest Arm Formation to the other
sheets 1s unknown.

The beds of the Northwest Arm sheet are inter-
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mediate in facies between the limestone and shale
shelf sequence and the beds of the volcanic and
clastic Maiden Point sheet; they are clastlic rocks
with only a little limestone and no volcanic beds.
Their source should therefore lie somewhere between
the source of the Maiden Point sheet and the unmoved
shelf sequence.,

The Goose Cove sheet has been thrust over the
Malden Point sheet and must therefore have arrived
later. The succession in the source area was thus
the reverse of the one now preserved, As the Goose
Cove Formation originally lay below the Maiden
Point Formation 1t 1s possible that the volcanic
beds at the base of the Maiden Point Formation belong
to the same unit as those beds (volcanic before
metamorphism) which form the Goose Cove Formation.
The original distribution was perhaps:

West East
Shelf Sequence Northwest Arm Fm, Maiden Point Fm.
Goose Cove Fm.

Pebbles of the Northwest Arm Formation are
found in the upper part of the Goose Tickle Formation,
whereas it contains no fragments of the Maiden Point
or Goose Cove amphibolites or peridotite. Because
of this it is thought that the Northwest Arm sheet
moved during the Goose Tickle sedimentation and
before the Maiden Point sheet. This gives the

(1oh4) .
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following order of

1) Northwest Arm sheet glides onto Goose Tickle
Formation

2) Maiden Point sheet glides onto Goose Tickle
Formation

3)‘ Goose Cove sheet with peridotite glides onto
Maiden Point sheet.

See Fig. 29.

Source Ares

The northwest - southeast alignment of slicken-
sides and the northwest inclinatiom of the folds
suggest that the source area for the sheets lies
to the southeast of their present positions. The
minimum displacements of the sheets as worked out from

the outcrop distribution are

Northwest Arm sheet 8 km
Maiden Point sheet L km
Goose Cove sheet 23 km

but the marked facies differences suggest a much
greater distance of movement.

The probably source of the allochthonous beds in the
Pistolet Bay area lies to the southeast beneath the sea
at the present time. Nevertheless some idea of the
lithologies 1likely to be found there can be obtained
by studying the beds on the northeast coast of Newfound-

land which strike toward the source
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area (Fig. 30).

Ideally rocks in the source area of the Maiden
Point and Goose Cove sheets should contain the
following lithologies or their metamorphic equivalents:

Coarse sandstone without abundant current
bedding

Black, grey, and red slate

Agglomerates, tuffs, and pillow lavas
Peridotite intrusions

Gabbro intrusions

The source area of the Northwest Arm sheet
should contain:

black and green shales with sandstone and
minor chert and limestone.

Two belts of peridotites and serpentinites
are found in Newfoundland, one runs southwest from
the Burlington Peninsuls and the other southwest
from Gander Bay. If the peridotites in the Pistolet
Bay area are allochthonous then it is most likely
that they once formed part of one of these belts,
probably the most western one.

Certain beds can be ruled out as possible source
rocks, No beds of Carboniferous age are in the
least similar to the klippe beds. The Silurian
Botwood group consists mainly of thick sandstone
beds but these are commonly cross bedded. All
except the lower beds of the Exploits Bay
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and Gander Lake groups have been dated as Middle
Ordovician or younger by graptolites. The beds

of the klippe are thought to be Cambrian and no

beds of known Cambrian age found in the White Bay -
Notre Dame Bay area have much similarity with the

beds in the allochthon. The Fleur de Lys

Baie Verte beds which are no younger than Middle
Ordovician and probably no older than late Precambrian
are the closest in lithology to the allochthonous
rocks in the Pistolet Bay area (Fig. 30).

The Fleur de Lys rocks are schists and gneisses
composed of quartz, plagioclase, biotite and muscovite.
Graphitic schist and marble are found within the
gneisses, and hornblende gneiss and beds of marble
are found in the upper part of the succession.

Before metamorphism these beds were probably greywacke
sandstones with interbeds of shale and limestone,

and in the upper part limestone and basic volcanic
beds and sandstone (Williams, 196L, p. 11Ll}).

This sequence is similar to the Maiden Point Formation
in the northern part of the Pistolet Bay area.

The beds of the Fleur de Lys Group are conformably
overlain by the Bale Verte Group which consists of serici-
tized volcanic beds (Williams, 196l., p. 1147) that may well
be equivalent to the Goose Cove Formation. Ultrabasic
rocﬁs occur in many places along the boundary
between the Fleur de Lys and Bale Verte Groups.
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P.M. Clifford in a lecture to the Geological survey of
Canada in 1966 suggested that the Fleur de Lys group under-
went deep seated metamorphism before the deposition of the
Baie Verte Group. If so, the source area for the Goose
Cove beds might lie within the upper part of the Fleur

de Lys group; but in this case the metamorphism can not
have taken place before the Middle Ordovician when the
gravity sliding occurred. From the above it is apparent
that suitable rocks for the Maiden Point and Goose Cove
sheets could exist in the proposed source area of the
allochthon, but no suitable source rocks for the Northwest
Arm Formation have been found. It is of course possible
that no rocks of the sppropriate type now exist in the

source area as they could have all slid out of that area.

Date of movement

No certain evidence has been discovered for dating
the arrival of the klippen in Pistolet Bay. However it
is thought that the conglomerate at the top of the Goose
Tickle Formation (Middle Ordovician) was derived from the
erosion of the Northwest Arm Formetion as it was sliding
into its present position. If this is so then the movement
took place in the Middle Ordovician., Certainly its arrival
can not have been before the deposition of the uppermost
beds of the Goose Tickle Formation. Rodgers (1965) reported
that the Long Point Formation (lMiddle Ordovician) rests
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unconformab ly on the allochthonous Humber Arm Formetion
in western Newfoundland. This suggests that the klippen
in that area must have arrived before the end of the Middle
Ordovician and thus corroborates the evidence from Pistolet

Bay.

The Long Range - A Possible Obstacle

Although the presence of the Long Range in
its present position relative to the surrounding
beds would not hinder the movement of the klippe
in the Pistolet Bay area it would certainly have
been in the path of the west coast kliovpe.

The currents which deposited the Goose Tickle
Formation moved straight towards the present position
of the Long Range (Fig. 31). .This suggests that the
Long Range gneisses were lower than the depositional
surface of the Goose Tickle Formation during the
Middle Ordovician. Some of the rise of the Long
Range took place during the Mississipian as shown
by the occurrence of Precambrian boulders in conglo-
meretes of this age (Baird, 1957). It is therefore thought
that the range has moved upwards relative to the
adjacent strata since the Middle Ordovician and
probably since the emplacement of the klippen.

An extension of the Cabot Fault, which is thought
(Wilson, 1962) to have a large lateral displacement
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lies just off the east coast of the Great Northern
Peninsula. The actual displacement on this fault
is unknown but Wilson believes it to be sinistral.
This means that the source area now lies further
northeast than originelly. However this does not
affect the correlation of the source area beds with
the beds outcropping in White Bay and Notre Dame

Bay which lie on the same side of the fault.

The Cause of the Gravity Sliding

Evidence of broad epeirogenic movements is
suggested by the change in sediment type of the
beds in the shelf sequence. The earliest beds
were laid down in shallow water whereas the later
ones are deep water types. The implied sinking
may have led to the beds in the source area being
relatively elevated and thus grasvity sliding onto

the shelf sequence.

(110)



4

e
‘”l ... : .‘t?". . ;

gl (-

PISTOLET BAY .' ; Ly ': B g

, gy O
/ 15
0 10
L 31 1 i
/
i K1 LOMETRES
I
.
¢
- s ‘“. .
A I HARE. BAY = Allochthonous
/ / i . .
/1 QS Ordovician
: .
2 , lower black and green shales
Vi s A 2
Ear i P Cg lower? serpentinite
7 : AR P |°|\:lie!'0r sandstones
o el older g ]
// Vil P i amphibolites
/ el B ‘
/ il
/ 7
/ TR
""" Autochthonous :
/ iy “hy Carboniferous ‘
! ] st
Sl e Ordovician
/ PRSI middle shales D
/ Lty AT N " . z"’( i v
b | : . J limestones [:]
L T
Ry lower carbonates
i \ Cambrian  sandstones and W
shales
Precambrian

cmonswr THE NORTHERN NEWFOUNDLAND KL |PPE

AND ADJACENT BEDS

Fig-32




COMPARISON OF PISTOLET BAY WITH OTHER AREAS

Canada Bay and Hare Bay

The beds on the south side of Hare Bay were
studied by Cooper (1937) and the geology of Canada
Bay was described by Betz (1939). The beds in
both areas are very similar to those north of
Hare Bay (Fig. 32).

The Lower Cambrian sandstones in Canada Bay
are thinner and r%éer than their equivalents in
the Pistolet Bay area. Middle and Upper Cambrian
shale and dolomite outcrop in Canada Bay but not
to the north. The St. George and Table Head Formations
are much alike in both areas but the Middle Ordovician
Englee Formation contains many more limestone beds
than its northern equivalent the Goose Tickle
Formation, Limestone breccia beds occur both to
the north and south of Hare Bay but were not noted
in Canada Bay. Betz mapped the contact between
the Englee Formation (Goose Tickle) and the Canada
Head (Maiden Point) as conformable but this was
probably based on the parallelism of the beds;
the contact is not visible.

Schist and gneiss outcrop on the Fishot Isles

and on the Grey Islands to the east.
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Several thrusts are present on the south side 'g
of Hare Bay and in Canada Bay but the displacements
on them cannot be determined., As in Pistolet Bay,
the folds and dominant normal faults trend NNE.

The folds in both areas are inclined WNW but air
photographs suggest that those in the south plunge
NNE whereas those in the north plunge SSW.

A three week recconsissance south of Hare
Bay showed that the rocks there are very similar
to thosebto the north, so that any origin postulated
for the rocks in one area must be applicable to

the other,

The West Coast of Newfoundlsnd

The area of the klippe proposed by Rodgers
and Neale (1963) and the adjacent rocks on the west
coast of Newfoundland is larger than the Pistolet
Bay area and contains more complete sequences of
both the shelf and eugeosynclinal facies. However
the beds of the west coast pose the same field
and spatial problems as the beds in Pistolet Bay -
a eugeosynclinal sequence bounded by a contempory
shelf sequence,

The Lower Cambrian is quartzite, shale and
limestone in Hawke Bay but further south the beds
are more arglillaceous., Nowhere is the thickness
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of quartz sandstones as thick as that on the White
Islands. Middle and Upper Cambrian shales and
carbonates outcrop at Eddies Cove, near Port au
Port and in Canada Bay.

The Lower Ordovician is represented by the
St. George Formation of which only the upper part
is found in Pistolet Bay area but in St. Georges
Bay there is a complete section from the top of
the Cambrian to the top of the Lower Ordovician.
The St. George and Table Head Formations appear
to be conformable in the Pistolet Bay area but
they are separated by an erosional disconformity
further south,

The Middle Ordovician Tasble Head Formation
is much thicker at Table Point than to the north
or south of it. Shales occur at the top of the
Table Head Formation both in Pistolet Bay and further
south and contain limestone breccias in Pistolet
Bay and at Port su Port.

No eugeosynclinal beds of certain Cambrian
age have been found in Pistolet Bay but on the west
coast Kindle and Whittington (1958) have shown that
some of the limestone breccias are Upper Cambrian.
These beds are thought to be allochthonous by
Rodgers and Neale (1963). Oxley (1953) suggested
that the Middle and Upper Cambrian are represented
in the breccia beds at Green Point.
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Two different lithologies of Lower Ordovician
age are found in the west coast allochthon; shales
and limestone brecciss of the Green Point Formation
(Schuchert and Dunbar, 1934, p. 38) and black and
green shales, like those of the Northwest Arm Forma-
tion, that outcrop near Corner Brook (R. Stevens,
personal communication)., The breccia beds in the
Cow Head region are Upper Cambrian to Middle Ordovician
(Kindle and Whittington, 1958) and are thought to
be allochthonous (Rodgers and Neale, 1963).

Ultrabasic and volcanic rocks between Bonne
Bay and St. George Bay are similar to those in
the Pistolet Bay area. Massive grey-green sandstones,
intruded in places by gabbros occur in both alloch-
thonous areas but they are not associated with volcanic
rocks in most parts of the west coast allochthon.

The grey-green sandstones and the black and green
shales are commonly found together.

No beds comparable to the Long Point and
Clam Banks Formations occur in Pistolet Bay.

Both the klippen sre cut by thrusts and by
normal faults., The folding is disharmonic and the
competent sandstone beds are broken in the sequences
where shales are sbundant. The pattern of the faults
is not consistent. NNE trending faults are dominant
in some areas and the northwest ones in others.

The folds and outcrop pattern trend NNE both on
(11h)



the west coast and in the Pistolet Bay area.

The autochthonous terrains are similar in
both areas but the allochthonous beds on the west
coast contain a sequence absent in the Pistolet
Bay area which consists of shales, limestone breccias
with thin limestone beds. The lithology suggests
that these beds were deposited close to the shelf
rocks because similar beds are found at the top
of the Table Head Formation. They are miogeosynclinal
but allochthonous whereas in Pistolet Bay the
miogeosynclinal beds, the Goose Tickle Formation,
are autochthonous,

Another important difference between the west
coast and the Pistolet Bay areas is the thickness
of the ultrabassic masses, Gravity data suggest
that one of the west coast intrusions, the Trout
River intrusion, has a thickness of 5000 m (Weaver,

personal communication).
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GEOLOGICAL HISTORY

The sequence of events and paleogeography
described below are based mainly on data from
Pistolet Bay, from northern Newfoundland and to
a lesser extent from the rest of Newfoundland.

The following geological history should be considered

as a very hypothetical framework,

Cambrian
The sea transgressed onto the shield in Lower
Cambrian times depositing basal quartzites and
arkoses on both sides on the Long Range and in
the White Islands (Fig. 34 - 1), This was followed
by the deposition of limestone and dolostone which
continued into the Middle and Upper Cambrian.
The basal quartzite and succeeding beds are not
found further east than the White Islands or in
Notre Dame Bay thus it is likely that the northeast
trending basin which controlled sedimentation during
‘the Ordovician had already formed. |
To the east a belt of volcanoes (possibly an
island arc) gave rise to agglomerates, tuffs and
pillow lavas (the Goose Cove Formation and the lower
part of the Maiden Point Formation, Fig. 34 - 2).
Above the volcsnic beds sandstones derived from

the erosion of a plutonlic and metamorphic terrain
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lying to the east were deposited on a delta.

The delta sediments were disturbed by slumping,

and were carried by turbidity currents to form

a succession of greywackes on the sea floor (Maiden
Point Formation). Volcanic activity continued during

the deposition of these beds (Fig. 34 - 3).

Lower Ordovician

The deposition of limestones and dolomites
initiated during the Cambrian continued into the
Lower Ordovician and formed the thick shelf deposits
found on the west coast of Newfoundland. The edge
of the shelf was unstable and material slumped
off and was deposited by turbidity currents to
the east of the shelf edge.

While the shelf limestones and dolomites were
being laid down in the west, to the east, away
from the shelf, deposition of black and green shales
with some sandstone and limestone occurred (Fig. 3| -
). Peridotite iﬁtfuded the volcanic beds on the
eastern side of the basin and metamorphosed them

to amphibolites,

Middle Ordovician
The basin became deeper in the western part
so the areas of previously shalow water began to
receive some of the clastic material coming from
the east. Thus pure limestone and dolomite (St.
(117)
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George Formation) were succeeded by slightly argil-
laceous limestone (Table Head Formation). Towards
the top of the latter formation, shale lenses

occur in the limestone, and the formation is followed
by a thick sequence of shale and greywacke (Goose
Tickle Formation)., The change from argillaceous
limestone to shale is sudden in Pistolet Bay'but
further south shales with interbedded limestones

are common, The argillaceous material was first
deposited only on the eastern edge of the shelf

but later it spread further and further westwards.
The calcareous material on the edge of the shelf
became unstable and collapsed to flow eastward

to form limestone brecciss, The instability may
well have been caused by movements, possibly faulting,
assoclated with the deepening of the western part

of the basin (Fig. 34 - 5).

The eastern part of the trough was uplifted,
causing some erosion of the Northwest Arm Formetion
so that fragments were included in the upper part
of the Goose Tickle shale than being deposited in

the west.

Upper Ordovician

Beds of the Northwest Arm Formation slid down
the slope created by the uplift in the east to
come to rest on the Goose Tickle shale in the
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west (Fig. 34 - 6).

After emplacement of the Northwest Arm Formation
further deepening of the trough in the west caused
the Maiden Point beds to slide onto the Goose Tickle
Formation (Fig. 34 - 7). Still further crustal
movement resulted in beds of the Goose Cove Formation
and the peridotite sliding down onto the Maiden
Point sheet (Fig. 34 - 8). The movement of these
large masses was accompanied by folding in the shelf
beds.

The region was later subjected to stresses
So oriented as to cause NNE and NW trending normal
faulting (Fig. 34} - 9) and the intrusion of dikes
into the Long Range which was then much below the
depositional surface of the Goose Tickle Formation.

The Long Range rose to its present level.
Lateral movement along the Cabot fault may have
subsequently displaced the source area of the sllo-
chthon in relation to its present position. Younger
formations may have been deposited (Silurian,
Devonian and Carboniferous are found on the west
coast) but have been later eroded away. Subsequent

erosion has produced the present outcrop pattern.
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FUTURE RESEARCH

Many of the uncertainties in the structural
history and the correlation of the Maiden Point
and Goose Cove Formations are due to a lack of
direct evidence for the age of these beds. Much
time has already been spent looking for fossils
but further search might be productive. Age determi-
nation by radiosctive methods may produce significant
results, especlaelly if unweathered biotite rich
rock. can be found. This would give the age of
metamorphism associated with the peridotite intrusion,:nd
the minimum age for the gravity sliding.

Another possible fruitful line of research
in the Pistolet Bay area, is the structural analysis
of the Northwest Arm Formation. The beds do not
underlie a large area and exposures are limited
to the shore where they are well exposed at low
tide. The Maiden Point and Goose Cove Formations
might also yield interesting structural data but
exposures are much less accessible than those of
the Northwest Arm Formation.

Detailed mapping of the beds between Hare
Bay and Canada Bay would, in conjunction with this
study provide a complete picture of the northern
Newfoundland klippen. However the beds south of
Hare Bay are less well exposed and as far as is
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known do not include beds of the Northwest Arm

sheet or the Goose Cove sheet.
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SUMMARY

The beds in the Pistolet Bay area have been
divided into two sequences, shelf and eugeosynclinal,
on the basis of their facies and on their stratigraphic
and structural relationship to each other. The
stratigraphy of these sequences is summarized in
Table 3 (p. 9 ) and the main elements of the struc-
ture of the region can be seen on Fig. 20 (p. 74 ).

The eugeosynclinal sequence is thought to
be allochthonous because major low angle faults
are visible beneath two of the formations and because
of the strong facies contrast between this sequence
and the shelf sequence. The allochthonous beds
arrived in three separate thrust sheets which are
thought to have moved by gravity sliding. This
mechanism is preferred because it does not involve
the great stresses to which the rocks would be sub-
jected 1f the beds had been pushed from behind,
and because the basement slopes upward to the east
to provide the necessary gradient. The nsture of
the deformation of the Northwest Arm Formation
also suggests gravity sliding. The allochthonous
beds arrived in the area sometime after the Middle
Ordovician.

The NW-SE trend of the slickensides and the
SE dip of the axial planes of folds suggest that
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the allochthonous sheets moved northwest relative
to the underlying strata and thus thaet the source
area for them lies to the SE. The minimum displace-
ment of the sheets is 2l km but facies differences
suggest a greater movement. The lithologies of
the allochthon are best correlated with the Fleur
de Lys and Baile Verte groups in the NE coast of
Newfoundland and the source area is thought to
lie along strike to the NNE of the outcrop of these
groups. If this is so then the allochthon hsas
moved 60 km.,

The Pistolet Bay area compares with the west
coast of Newfoundland in having two rock sequences
one of which was deposited to the east but was subse-

quently moved into the ares by gravity sliding.
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APPENDIX

The Breccias and Conglomerates in the Goose Tickle
Formation

The Limestone Breccias‘

Breccias with angulsr limestone clasts in
a matrix of calcareous shale outcrop in the southwest
of Pistolet Bay and in the western part of Hare
Bay (Fig. 35).

The thickest limestone breccia bed occurs about
10 m above the disconformable junction of the Table
Head Formation and the Goose Tickle Formation. Other
thinner breccias lie close to the faulted junction of
the Table Head and Goose Tickle Formations and their
exact stratigraphic position is unknown although they
are thought to lie near the base of the Goose Tickle
Formation.

The breccias are underlain by greywackes and
shales, which in many cases are depressed by the
ciasts of the breccias but in no place were the beds
seen to be broken. On the other hand, several frag-
ments of greywacke and shale identicsl with the
underlying beds occur in the breccia, indicating
local erosion of these beds,

The limestone clasts are identical in lithology

to the limestone of the Table Head Formation and are
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APPENDIX

The Breccias and Conglomerates in the Goose Tickle
Formation

The Limestone Breccias

Breccias with angular limestone clasts in
a matrix of calcareous shale outcrop in the southwest
of Pistolet Bay and in the western part of Hare
Bay (Fig. 35).

The thickest limestone breccia bed occurs about
10 m above the disconformable junction of the Table
Head Formation and the Goose Tickle Formation. Other
thinner breccias lie close to the faulted junction of
the Table Head and Goose Tickle Formations and their
exact stratigraphic position is unknown although they
are thought to lie near the base of the Goose Tickle
Formation.

The breccias are underlain by greywackes and
shales, which in many cases are depressed by the
ciasts of the breccias but in no place were the beds
seen to be broken., On the other hand, several frag-
ments of greywacke and shale identical with the
underlying beds occur in the breccis, indicating
local erosion of these beds,

The limestone clasts are identical in lithology

to the limestone of the Table Head Formation and are
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mostly irregular shaped masses, though rarely they
are tabular. Other clasts include shale and sand-
stone.

The shale clasts are tabular and much larger
than the limestone ones, the largest being 4 m by 2 m.
They were soft when deposited, for the limestone
clasts have been pressed into the edges of the
some of them. The largest shale clast is bedded
and contains a siltstone layer., The shale clasts
resemble the shale above and below the breccia in
that they are darker than the matrix and are not
calcareous,

A few sandstone clasts are lithologlcally
similar fo the coarser layers in the Goose Tickle
Formetion.

The breccias show no sign of grading except
in the uppermost 10 cm, where the larger clasts
are absent and the proportion of smaller clasts
(less then 1 cm) increases at the expense of the
matrix. The tops of the beds consist of fine
clastic limestone which grades upwerd into calcareous
shale and then to non-calcareous shale. The best
example of grading was found on a loose block near
the breccias (Plate 33).

1600 measurements of the direction of clast
elongation were made on the thickest breccila bed
in Pistoiét Bay and these showed two maxima, one
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trending NE - SW and a second trending NW - SE,
It is common for rudites to show two maxima but
it does not indicate the direction of movement of
the depositing current.

Breccla beds in Hare Bay, outside the thesis
area, are discussed because they help in understanding
the relationship between the exposures.

A 50 m breccia bed is found in Northern Arm,
(repetition by faulting may contribute to the apparent
thickness). The clasts are much the same sigze as
those in the Pistolet Bay breccias (i.e. about
3 cm average) but they are more widely dispersed
in the matrix., A patch of breccia about 10 m
thick occurs in Wild Bight in Hare Bay but the
beds are distorted and cut by many minor faults.
Two small breccias are found near Frenchmans Point
both of which are a few metres above the Table
Head Goose Tickle boundary.

Wherever the stratigraphic position of the
beds is determinable it lies just above the base
of the Goose Tickle Formation. The outcrop pattern
of the breccia bed shows its lenticular nature;
it is absent in the north and in the south and
thickest in the centre, (see Table p. 127 ).

Several other beds of breccia are found in
Pistolet Bay, and one of these passes laterally
into a limestone bed of the same thickness (20 cm).
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While difficult to explain, it seems possible the
limestone bed broke into pieces due to thixotropic
action, perhaps initiated by the shock of an earth-
quake and a clay matrix was forcefully injected,
Bail%ﬂ;f%f%%b) noted evidence for the forceful
injection of finer material into cracks in the
clasts of the Levis breccisas.

The average size of the clasts in each of the
breccla exposures was calculated to investigate

possible changes in the transporting ability of

the depositing currents.

Locality Thickness of bed Average size
North
Schooner and Burnt

Islands no breccia found . «cc-a
Pistolet Bay 8 m 12.3 em
Northern Arm, Hare

Bay 150 m 12.5 cm
Wild Bight Hare

Bay 50 m 12.1 cm
Frenchmans Point 2 m not measured
Little Arm, south

Hare Bay no breccia found = = @ <ee--
South

Table 5. Thickness of Breccia Beds and
average of 10 largest Clasts

The wvariation in clast size is too small to be
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significant but this is to be expected since the
area covered is not large and the sense of current
movement not known,

Breccia beds occur at several places on the
west coast of Newfoundland (Schuchert and Dunbar,
1934, p. 73), and also in Quebec and New England.
The breccias are very similar although many of them
have a more calcareous matrix. All the clasts in
any one bed are of the same age, the earliest being
Upper Cambrisn and the latest Middle Ordovician,
(Kindle and Whittington, 1958, and Bailey, 1928).

From an examination of the known outcrops in
eastern Canada and Mordener Kill in New York and
a survey of the li%rature the following features
are thought to be typical of the northern Appalachian
examples of this kind of breccia.

1) The breccias are intraformational and the
underlying beds are unbroken even by large boulders.
2) There are no cavities between the boulders
such as are often found in beach deposits.

3) The boulders rarely touch each other,

) Grading (except at the top) has not been
recorded,

5) The boulders are not obviously aligned but
may be flat lying.

6) The majority of clasts in any one breccis
are contemporaneous with the surrounding strata.
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7)  Within the Appalachians they all occur close
to the boundary between miogeosynclinal and eugeosyn-

¢linal deposits.

8) Individual beds vary in thickness and die

out laterally,

9) A clear distinction exists between the clasts
and the matrix,

Schuchert and Dunbar (1934, p. 84) thought
that the breccias were formed in front of a westward
moving thrust sheet, (see diagram in Dunbar and
Rodgers, 1961, p. 177), but this does not explain
the repetition of the breccias or the contemporaneity
of clasts and matrix. Later workers have considered
that the breccias of the chaotic type were caused
by submarine landslips of carbonate material which
turned into turbidity currents down slope (Dunbar
and Rodgers, 1961; Kindle and Whittington, 1958;
Baird, 1960).

Nelson (1955) attributed the formation of
breccias he examined on the west coast of Newfoundland
to earthquakes which fragmented partially consolidated
lime mud and gave rise to the interlocking texture
found in some breccias. This does not explain
the mixture of lithologies found in some breccias.
One block of limestone found imbedded in a shale
lens in Wild Bight has this interlocking texture
and might well have originated in such a manner
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and subsequently rolled to its present position.

Any proposed origin must explain:
The penecontemporaneous nature of the clasts and

surrounding strata at any one horizon.

The repeated occurrences of the breccias.
The contemporaneity of the clasts and matrix.

The cause of the limestone collapsing from
its original depositional site might be the oversteep-
ening of beds by tectonic movements or the slow
building up of sediment until it was unstable.
Tectonic movements were certainly occurring at that
time because despite the great thickness of sediments
that accumulated the basin was becoming deeper.,

Normal faults are present throughout the
Appalachians but no direct connection between them
and the breccias can be established., Displacement
certainly occurred on many of these faults after
deposition of the breccias, but some mey also have
occurred before and during sedimentation. Spasmodic
movements on such faults might well explein the
collapse of the limestones., If the instability was
due to faulting it is necessary that the total
deposition for the upper Cambrian to Middle Ordovician
interval was greater than the erosion in the uplifted
areas. This must be so or the clasts of the indivi-
dual breccias would not be ﬁostly of the same age
as the surrounding strata. It is possible that
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the faults never reached the surface but merely
caused an increase of the slope and thus slumping
of the limestone beds into deeper water. Several
small slumps of limestone beds were found south
of the thesis area in Hare Bay.

The precontemporary--: nature of the clasts
and the surrounding strata and the repetition of
the breccias from Upper Cambrian to Middle Ordovician
suggest that the source area repeatedly bec2me unstable
and recently deposited sediment collapsed into deeper
water and turned into turbidity currents. The
supposed sequence of events is as follows:
1) Deposition of limestone.
2) Collapse of recently accumulated material,
3) Dislodged material causes turbitity current
to start.
)  Accumulation of more limestone followed by
collapse . . . etec . . .

Once the clasts and lime mud had started moving
they would continue to the foot of slope where a
decrease in the velocity of the turbidity current
would cause them to be deposited. While travelling,
the turbulent motion would pick up some of the
underlying material which in deposition would
form part of the matrix. Fragments of partiaslly
consolidated material would also be engulfed to
form shale and sandstone clasts. It is to be expected
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that the breccia beds closest. to the source would
have a lime matrix whereas those that have travelled
further over mud will have a more argillaceous matrix,
Thus the Pistolet Bay breccias are thought to have
travelled farther than those at Cow Head because the
former has an argillaceous matrix while the latter

has a lime matrix, aslso the clasts are smaller in

the Pistolet Bay breccia. Any proposed mechanism

of deposition must, if it is to be acceptable account
for the

a) lack of erosion of underlying beds

b) suspension of clasts in matrix

c) clear distinction between clasts and matrix

Glacial origin can be discarded because of the
lack of striae on clasts and substrate, erosion and
any indication of cold climate.

The clasts might have fallen into theilr present
position from a cliff, but this 1s unlikely because
there‘is no sign of such a c¢liff, and if they had
fallen they would not be suspended in the matrix
but would be in contact with one another. Further
the underlying beds would be more disturbed.

Clasts deposited from waning currents usually
show some form of bedding, the clasts touch each other
and are rounded and sorted.

The lack of erosion of the underlying beds and
the suspension of the clast'in the matrix can only be
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explained by deposition from turbidity currents,
or slide breccias with turbid mixing at the top
to account for the grading there,

To summarise, it is thought that the breccias are
the deposits of turbidity currents or slide brecciss
which were caused by the repeated collapse of limestone
masses which accumulated in a region of tectonic insta-

bility.

The Conglomerates

Conglomerates with black and green shale and lime-
stone clasts set in grey shale matrix occur near the
top of the Goose Tickle Formation (Plate 3l4). Many
beds of conglomerate outcrop in Howe Harbour and just
west of Lock's Cove but only a few are seen in Pistolet
Bay. The type section of the Goose Tickle Formation
contains rare thin beds of conglomerate near the top.

The beds rest conformaebly on the underlying shale
and are usually less than 30 em thick, sometimes less
than one cm, but show no sign of internal bedding. The
clasts are tabular fragments of limestone about 3 ecm
thick and rounded lumps of black and green shale very
similar to that of the Northwest Arm Formation except
they lack cleavage. The limestone clasts may have come
from the sasme source, but clasts of Northwest Arm
sandstone are absent, perhaps because they disinte-

grated during transport,
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Plots of the orientation of longest axes of
pebbles show a north-south maximum. As with the
breccias the greatest thickness of beds is in the
northern part of Hare Bay, but unlike the breccias there
is considerable variation in the average size of the
ten largest clasts at each exposure. The largest

clasts are found in the thin conglomerate beds in the

south.

Locality Approximate bed Average size
Thickness

Pistolet Bay 1 m 11.5 cm

Northern Hare Bay 1.5m 11.3 cm

Goose Tickle 0.5 m 20.5 cm

Table 5. Thickness of conglomerate

beds end average of 10 largest clasts

The features of the conglomerates are best explained
by deposition from turbidity currents. The material was
apparently derived from the Northwest Arm Formation before
that formation developed cleavage. In view of the mechanism
by which the Northwest Arm Formation is thought to have
arrived in its present position it is probable that the
conglomerate was derived from the front of the advancing

klippe.
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Plate 1. Land surface underlain by flat-

lying carbonate South of Cane Norman.

Plate 2. Evenly dinping quartzites of the

Bradore Formation on the White Islands.







Plzte 3. The St. George Formation, 3 miles
south of Cave Norman. The hummocks on the

surface in the foreground are algal structures.

Plete L. Algal structuresin the St. George

Formation north of Boat Harbour.







Plzte 5. Contact of the Table Head Formation
(limestone) znd the Goose Tickle Formation

(shale) on Schooner Island.

Plate 6. Vertical beds of shale and greywacke

of the Goose Tickle Formation in Shallow Bay.







Plete 7. Black and green shale of the Northwest

Arm Formation in Pistolet Bay.

Plate 8. The Northwest Arm Formation - boudins

of sandstone surrounded by shale.







Plate 9. Pillow lavas north of Raleigh
in the lower member of the Maiden Point

Formation.

Plete 10, Tuff in the lMaiden Point
Formation just north of Griquet where

erosion has formed unusual vpinnacles,
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Plate 11. Agglomerate in the Maiden Point
Formation north of Raleigh; calcite fills

the spaces between the clasts,

Plate 12, Agglomerate in Milan Arm in the Maiden
Point Formation with a matrix of smaller volcanic

fragments






Plate 13. Sletes of the liaiden Point
Formation exvosed in a road cut on the road

to Griquet.

Plete 14. The thrust at Raleigh with

volcanic beds overhanging soft shales.






Plate 15. The thrust at Raleigh with shale

overlain by volcanic beds.

Diagram of the above photograph.
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Plate 16, Folds in a shale lens in the Table
Head Formation in Wild Bight. Axisl planes

dip eastward,

Plate 17. Folded beds of the Goose Tickle Formation
just below the thrust on Burnt Island. The headland
in the background is formed of the St., George

Formation






Plate 18. Sandstone and limestone boudins
surrounded by shale in the Northwest Arm

Formation, Pistolet Bay.

Plate 19. Contorted beds in the Northwest

Arm Formation, Pistolet Bay.






Plzte 20. Recumbent fold in the Maiden Point

Formation in St. Anthony Bight, looking east.

Plete 21. Zigzag folding in the Mziden Point

Formation in St. Anthony Bight.






Plate 22. Recumbent fold in the Maiden Point
Formation in St. Anthony Bight, looking east.

Plate 23. Asymmetric folds in the Maiden Point

Formation near Quirpon. Axial planes dip eastward.






Plate 2. Desiccation cracks in the St. George.
Formation at Wild Bight.

Plate 25. Partially dolomitized limestone

near Cape Norman.






Plate 26. Partial dolomitization in the St. George
Formation. The light coloured "tubes" are dolomite

and the dark rock between is limestone.

Plate 27. Vuggy dolomite from the upper part

of the St. George Formation, east of Boat Harbour.






Plate 30. Convolute bedding in the Goose Tickle

Formation in Shallow Bay.

Plate 31. The base of the limestone breccis in the

Goose Tickle Formation on Boisee Peninsulsa.
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Plate 32. Limestone breccia in Pistolet Bay.

Plate 33. Graded bedding at the top of the

limestone breccia on Boisee Peninsula.






Plate 3. Conglomerate at the top of the

Goose Tickle Formation in Hare Bay.

Plate 35. Graded bedding in the Maiden Point

Formastion in Milan Arm. Tops are to the right.
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Plate 36. Graded bedding in the Maiden Point

Formation. Notice the shale flakes.

Plate 37. A channel in the Maiden Point Formation

filled with coarse cross bedded sandstone.

is upside down.

The bed
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Plate 28. Ball and pillow structure and pseudo nodules

in the Goose Tickle Formation, Burnt Island.

Plate 29. Flute casts in the Goose Tickle Formation
on the west side of Burnt Island.






Plate 38. Coarse grained, current bedded sandstone

in & channel in the Maiden Point Formation in St.
Anthony Bight.

Plate 39. Slump structure in the Maiden Point
Formation in St. Anthony Bight.
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