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The area investigated includes the type section of the
Humber Arm series along Humber Arm, as well as an area east
of Blow Me Down Brook on the south shore of the Bay of Islands,
the south shore of Middle Arm, and Woods and Eagle Islands.
Five newly named formations can be recognized in the sedimentary
sart of the sequence. Graptolites found in the third youngest
formation indicate a Tremadocian age and the series as a whole
orobably ranges in age from Middle Ordovician to Lower Cambrian.
The youngest rocks are volcanic flows and associated basic and
ultrabasic intrusions, which form the Bay of Islands Igneous
Comonlex, They were not investigated. The Humber Arm series
has been much deformed. The main folded structure is the
dumber Arm synclinorium. Associated with this fold are
dislocations ranging in magnitude from major reverse faults
or thrusts, to strain-slip cleavage. High angle faults cut
these structures. The stratigraphy is locally disruoted by
zones of chaotic deformation which also mark the junction
between the Humber Arm series and fhe main carbonate sequence
to the east of the area. This sequence is a contemporaneous
facies of the Humber Arm series but underlies it. The best
exnlanation of the geological setting of the Humber Arm series
is that it is allochthonous, being emplaced as a klippe during
Taconic times, thus accounting for the supervosition of older
Humber Arm rocks on the youngest rocks of the main carbonate

sequence, the facies contrast between the Ordovician oparts
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of the two sections, and the geology of the Rattler Block.
This block is interpreted as an anticlinal window through
which a lower tectonic slice of the Humber Arm series is
scen. The chaotic zones are interpreted as rubble zones
produced during the gravitational gliding of the kiliippe.
Three structural units within the klippe are recognized;

a lower slice seen through the Rattler window, the main
Humber Arm slice and a slice containing the Bay of Islands
Igneous Complex with some associated sediment. Differential
novements within the klippe are thought to have produced

these unitse.






CHAPTER I

INTRODUCTION

Location and Size of Area

The area studied is situated in the central part of west
Newfoundland, to the west of the town of Corner Brook (fig. I).
It includes both shores of the Humber Arm, the south shore of
the Bay of Islands up to the mouth of Blow Me Down Brook, the
south shore of Middle Arm east to Long Point, as well as Woods
Island and Eagle Island. Inland thevarea includes, on the
nortn shore of Humber Arm, an area bounded to the east by a
curved line running from Long Point to the mouth of Hughes
Brook. On the south shore of Humber Arm only a coastal strip
about one mile wide was investigated. The map area is about
200 square miles, while the coastal sections have a total length
of about 70 miles, but these were more thoroughly investigated
than was the inland area.

The field work was carried out between June and October,

1964,

Geogranhic Setting

The general geography of the area has been adequately
described by the authors referred to in Table I. Only the

mo. : important features will be described hereo.



Topographx

The area 1s a dissected plateau dominated by the fiord-
like complex of the Bay of Islands and lts assoclated arms,
the Humber and Middle Arms; this latter arm bifurcates into
the Penguin and Goose Arms. The shores of these arms are
often cliffed. The land rises rather steeply from the
coastline and may reach elevations of a thousand feet within
a few miles of the shore. In general, however, the area of
this thesis 1s underlain by shaly sediments which support a
lower elevation than do the cesrbonates to the east, and the

igneous rocks to the west.

Drainage

Drainage 18 via a complex system of small streams link-
ing numerocus small ponds to the arms. The mouths of several
larger streams are marked by raised deltas of Plelstocene age.
(Bichards 1937; 1940). The higher parts of the area, es-
peclally toc the north of Humber Arm, are poorly drained and
largely covered by bog, through which scattered outcrops of
bed_rock protrude. The better drained areas support a dense

cover of conifers.
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The re~ion around the Humber Ari, in comnon with the rest
of western Newfoundland, has a moderate climate. The average
sunmer temnerature varies little from 60°F. Rainfall is not
heavy, but frequent. The oredominant wind direction is from

the soutn-west.

Access

Tne main access routes generally follow the north and
soutn shores of Humber Arm, but in some areas they extend
several miles inland. A networxk of rough tracks in the wooded
areas, usually nrivately owned, suonlements the main road
systeun. Access to areas south of the Humber Arm 1s provided
by the Canadian National Railway's main line from St.John's to
Port aux Basques and the Trans Canada dighway system.

flearly all of the coastal section 1is passable at low tide
but, since the high water mark is usually at or above cliff
base, many headlands are negotiable for only a few minutes each
day. The whole section between McIver's and Cox's Cove as well
as tnat at Long Point are best seen with the aid of a boat but

1

landinz at these sections may be difficult exceot in the calmest
weather. Boats are, however, readily available from any of the

fishing villages.



Population

Population is restricted to settlements on the shores of
the arms, by far the largest of which is Corner Brook. Middle
Arm east of Cox's Cove and the islands of the Bay are only in-

habited during the summer.

Survey Controcl

Good base maps on a scale of 1 : 50,000 and aerial photo-
grephlc coverage are availlable for the area, The maps, though
representing "me 1 pography adequately, do not always agree with
the local nomenclature. Furthermore, many prominent geographic
features do not seem to be named at all. Location names used
in this thesls are 1in accord with those shown on the Department

of Mines and Technical Survey's maps for the area.

Geclogical Setting

Newfoundland ¢ :ompasses the most north-easterly part of
the Appalachian system. Here a two-slded symmetry may be re-
cognized which is not so evident in the southerm part of the
system (Williams 1964). The axis of ®wm® symmetry is the
central Newfoundland terrzin which consists predominantly of
metamorphosed eugeosynclinal strata invaded 1 granitic and

ultrazbasic rocks. To the east and west, the central terrain
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18 faulted against sequences of relatively undeformed lower
Paleozoic rocks underlain by a Precambrian and early Paleozolc
basement. These 1« constitute the flanking terralns of
Avalon and western Newfoundland. The western Newfoundland
terrain i1s geologilcally deflned as that part of Newfoundland
which lies to the west of the Bale Verte-Grand Lake lineament.
At the base of this terraln 1s a crystalline core of Pre-
cambrisn age, physiographically expressed by the Long Range
Mountains. West of the exposed core 1s a thick sequence of
Cambrian clastic r« s, locally metamorphosed at 1ts base,
which gradesup into a thick series of lLower to Middle Ordo-
vician carbonate rocks referred to the St. George and Table
Head groups (Schuchert and Dunbar 1934). This whole sequence,
the Cambrian clastic rocks and the Ordovician carbonate rocks,
will, for convenience, be called "the main carbonate sequence”
in the remalnder of the thesils.

Westwards, the main carbonate sequence is apparently over-
lain by a thick sequence of shales, sandstones, platy 1lime-
stones and volcanic rocks, intruded by large masses of basic
and ultrabasic rock. Schuchert and Dunbar (1934,p. 89) named
these rocks "the Humber Arm series,® defining the type section
as the Humber Arm. It 1s this section that is the main sub-

Ject of the present investigation.












Many authors interpret the geology of that region as a klippe

of Cambro-Ordovicilian clastic rocks, superimposed on a carbonate
rich seguence of essentially the same age. Using this parallel,
Rodgers and Neale (1963) sugcested that the Humber Arm series is
also a klippe superimposed on the main carbonate sequence.

Hence the only »art of Schuchert and Dunbar's original Humber
Arm series not included in the klinpe, are those rocks known to
be conformable upon the Table Head limestones. Since the

klio>»~e was thought to have been emplaced as a submarine gravity
slide during the devosition of these Mid-Ordovician clastic
rocks, it was suggested that, at the base of the klippe, the

two seaquences would be intimately mixed. The boundary of the
kliope was, however, drawn at the junction between the carbonate
and clastic rocks. A similar view has been illustrated by

Kav (1965).

Lilly has urged caution in accenting this view. He noted
that the necescary information regarding the age of the Humber
Arn series was lacking and, as the situation then was, several
other hysotheses were as nlausible as that incorporatinz all
of the Humber Arm in a klinne. He suggested that two possible
explanations existed for the geological setting of the Humber
Arm type rocks. Firstly, the eastern Humber Arm rocks could
be regardesd as in olace, overlying the main carbonate sejuence
in normal stratigra»nhic sequence. The Biy of Islands Igneous
Complex, however, with some associated sediments, could be part
of a kli»ovne, emplaced over the eastern Humber Arm series.
Secondly, in view of the similarity between the Cambrian part

of the main carbonate scsquence and the presumably older oart
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undivided. In general the rocks were thought to be youngest
to the west. The age of the serlies was not determined at the
type section but, elsewhere, Mi4d —Ordovician fossils were
abundant and Schuchert and Dunbar determined the age of the
geries as Middle to ?Upper Crdovician. The rocks were thought
of as the youngest series of an essentially continuous column

« sediments which included the maln carbonate sequence.
Schuchert and Dunbar's baslc tenets were accepted with little
reservation by later wcrkers in the area, who concentrated their
efforts on refining the internal stratigraphy of the Humber Arm
series,

Twenhofel (1940) briefly studlied the south eastern shore
of the Humber Arm. He notes (ibid.,p. 6) that F. Dykstra was
working in the area at the same time,but this work, if recorded,
was not avallable to the present author.

Riley (1962), who mapped the small part of the area included
on the Stephenville map sheet, did not subdivide the Humber Arm
series.

A significant advance towards unravelling the internal
stratigraphy of the Humber Arm series was made by Walthier (1949),
who recognized and named the Cooks limestone tongue which he con-
8ldered divided the series into an upper and lower clastic
seguence. This tongue was thought to pinch out to the south.
McKillop (1963) mapped additionzal outcrops of limestone and lime
breccias.

Weitz (1953) subdivided the Humber Arm series into 5 forma-

tions, ncne of which were regarded as valid by Lilly (1963) or

by the present writer.
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A. The Summerside formation

The formation is named after the village of Summerside on
the north shore of Humber Arm. The name has previously been
used by Weitz (1953) for all of the lower arenaceous sequence
of the Humber Arm. In the present usage, it is restricted to
the green sandstones and roofing slates which Weitz regarded
as the middle member of nis Summerside formation. The lower
and unper member of Weitz's Summerside formation are equivalent
and are called the Meadows formation in this thesise. The
Sumierside quartzites of Lilly (1963) and the sandstones des-
cribed from Quarry Hill (Crow Hill) by McKillop (1963) are
similarly re-interpreted and assigned to the Summerside forma-
tion. The rocks referable to the formation are found between
Crow Head and Pettipas Point on the north shore of Humber Arm.
They underlie the country to the north of Summerside, throughout
the headwaters of Gillams Brook and they flank Frenchman's Ponde.
They also crop out in the Middle Arm just west of Long Point
but are much reduced in variety and thickness. The section
between Crow Hill and Church Cove, on the south shore of Humber
Arm, has exposures of Summerside rocks but to the south they
are thought to oplunge under the Meadows formation. To the east
it is suspected, but not proved, that the Summerside formation
occurs in the low grade metamorphic zone. Nowhere is the true

base of the formation seen.
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No detailed stratigraphic subdivision of the formatlion can
be glven. Two broad subdivisions are, however, recognized:

A2, An upper red and green slate sequence.
Al. A lower arenaceous seguence.

Al. The oldest member of the Summerside formatiomn is tenta-
;:;ély regarded as the masslve yellowlsh weatherlng sandstone
which crops out to the west of the wharf at Summerside. The
bedding in this rock type 1s quite obscure and 1ts lithology 1is
a uniform medium to coarse grained arglllaceous sandstone. A
similar rock type occurs on the south shore of the Arm, 400 yds.
eagt of Church Cove. The saxr tone may be as much as 20 feet
thick.

Apparently overlying this member is a sequence of rusty-
white weathering argillacecus sandstones. They are predominantly
light green on the fresh surface but may be locsally mottled red.
Bedding is well marked ranging from 6 inches to 3 feet in thick-
nesse. This member i1s characterized by a sub-arkosic compcsition
and 1s locally conglomeratic, contalning rounded pebbles up to
2 inch in diameter of white quartz and feldspar. This coarser
facles may prove to be a separate mappable unit. More rarely
the rock contains greenish brown shale fragments up to one foot
long or small pebbles of red shale. Under the microscope the
rocks are seen to consist of medium to fine grains of subrocunded
quartz with about 5% feldspar grains. The feldspars are often
Partlally replaced by calcite or sericite. One or two percent
of the rock consists of rounded grains and patches less than

4 mm. in diameter of a ?chlorite and ?sericite intergrowth (fig.3)



















































The shale i1s more abundant than the quartzite and limestonee.
oar the top of the transition zone several horizons are
charactarized by yellow w._sthering siltstone laminae which show
both contorted and current bedding. Oolite horizons are
exnosed at Sopers (just cast of Giles Point), Skeleton Cove,
iMcIver's River, and Penguin Cove. These horizons, usually less
than 6 inches thick, are not found in any other zone of the
Huniber Arm seriese.

The oolite beds are compnosed of well-formed, unabraded
calcite oolites, or more rarely nseudo-oolites up to 3 mm. in
diamcter. Under the microscove the oolites commonly show radial
and concentric structure and sometimes have a coarcser onatch of
calcite, often resembling shell fragments, as a nucleus.
commonly, sSeveral concentric rings have been nyritized. The
matrix, medium sized calcite crystals, also contains scattered
srains of quartz ranging betwcen angular silt-sized grains and
well-rounded subsoherical grains, uo to 4% mm. in diameter.
Usually these quartz grains make up less than 3% of the rock but
at Sopers a calcareous sandstone crcns out winich contains 15,
of abraded and cricshed colites. The oolites are concentrated
n-~ar the too of the sandstone bed and this nart of the bed shows
cur-ent bedding. Although none of the other oolite beds shows
srading in size or ccncentration of oolites, the shales immedi-
ately abovzz may contain colites flattened by comnaction.

The assemblage of ocolite with non calcareous shale is
anomalous since most authorities ccecnsider oolite formation to be
rostricted to shallow, calcium carbonate saturated environments.

The unabraded condition of most of the oolites and grading of






the thickening may not be great. 3300 feet is the estimated

thickness.

E. The Cooks Formation.

———— —~ ———

The Cooks formation is essentially the equivalent of
‘althier's (1949, o. 25-26) Cooks limestone tongue. It is
reinteroreted, howasver, not as a tongue, but as a formation
that does not appr:ciably change thickness throughout the map
area. PFurthermore, it is restricted to those rocks which have
linestone as the carbonate comnonent and black shale as the
shaly comnonent. The lack of arenaceous material sharoply
differentiates the Cooks formation from the underlying Meadows
and Summerside formations,

On the south shore of Humber Arm, at least, the formation
can be subdivided as follows:

E. 2. Platy grey limestone with black shale and
only rare limestone breccia.
E. 1. Predominantly lime-breccia.

These divisions incornorate the Mt. Moriah limestone
conglomerates described by Schuchert and Dunbar (193%, »n. 89) and
Twenhofel (1940). They are thought to be equivalent to Lilly's
1963, n. 69) Penguin Arm limestones and to McKillopn's (1963, p. 70)
calci-rudites,

The type section of the Cooks formation is defined as the
shore section betw:i:en Giles Point and Halfway Point, on the
csouth shor: of Humber Arm. Although this is the best section

of the Cooks formation exposcd in the area, it is strongly






1. Platy 1light grey to dark grey weathering limestones,
averaging about 4 inches in thickness, interbedded
with black shale. The rocks of type 1 occur inter-
bedded with the other ty»nes.

2. Platy limestone fragments chaotically set in a dark
shaly matrix.

3. Platy limestone fragments set in a calcareous matrix.

4+, Limestone boulders and nlaty limestone fragments set
in a shaly matrix.

5. Limestone boulders and platy limestone fragments set

in a calcareous matrix.

These rock types are thought to form a genetic series
resulting from orimary deformation.

The simolest type of deformation seen in these rocks is
sliding along bedding planes similar to that described by Cloos
(1964) from the southern Appalachians. At several places between
Giles Point and Cooks Point a limestone bed may be seen showing
suéh deformation. The direction of movement in this sliding is
ooposite to that arising from bedding plane slippage caused by
folding, and furthermore only a single bed is affected. The
movement was from east to west, indicating th~t the paleoslope
at that time was as depnicted in fig. 10.

A stronger orimary deformation resulted in a knotting or
balling-up of the sediment, These knots are enclosed by undeformed
sediments., In this case the limestones were not competent enough
to fracture but the sediment did not lose cohesion during the
movement. The movement indicated by the asymmetry of the folds
is from east to west in the examples seen Jjust east of Cooks Cove.

More severe slumnp movement resulted in the limestones yielding
by fracture during the flowage of the argillaceous material. The
resultant rock contains platy limestone fragments chaotically

dispersed in a shaly, friable matrixj; the type 2. breccia.









- 40 -

A different type of slumping can be seen at the base of the
Cooks formation at MclIver's where the Mecadows formation passes
directly into a platy limestone breccia with a shaly matrix
typical of the Cooks formation. This breccia contains arena-
cecus blocks as well as limestone fragments immediately to the
south of McIver's Brook. To the north of the brook a much
distorted seqguence of platy limestones and shales crop out
(fig. 13).

A sequence, about 30 feet thick, of rock types not exactly
equivalent to any others exposed in the area crops out above the
distorted platy limestones. The scquence includes black shales,
siltstones, carbonates and carbonate breccias. An unusual rock
type, 2% feet thick, is found in this section consisting of a
dark grey limestone with a coarse brownish yellow weathering
network of dolomite replacing about 50% of it. It is crowded
with small, less than 1 mm. long, euhedral quartz crystals,

Another chaotic zone separates this sequence from a series
of massive hard green shales containing a thin band of fine
dolomite breccia, forming the small headland west of McIver's
Cove. The green shale is separated by a covered zone from the
Cooks formation which crops out on the north shore of the next
cove north. None of these slumped horizons can be seen in
McIver's Brook; therefore it is assumed that the disturbed zone
pinches out to the east. The zone is not found on strike at
Cox'!s Cove but may be hidden under the superficial deposits that
occur thereo

It is suggested that this disturbed zone has a mixed origin.

The lowest coherent carbonate-shale sejuence with lithologies
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not seen elsewhere 1n the area 1s interpreted as a large slipped
block which rode over and dlsturbed the limestone-shale sequence
below. The geometry of the folds in the Lmestone-shale sequence
suggests that the slipped blocks travelled from the east. The
green shale horlzon, however, 1ls correlated with similar rocks

in the G.l zone of the Middle Arm Point-Woods Island formation
transition zone, and is therefore a tectonic slice.

The erratic distribution of the breccia zones near, or at,
the base of the Cooks formation 1icates that the breccias were
not deposited as continuous sheets. In the type section they
are developed at the base of the formation, and only thinner and
less coarse breccilas are found above. In other localitiles,
however, the brecclas are found higher in the section; hence the
presence of breccias does not uniquely define the base of the
formation. Moreover, thé direction of coarsening of the brecclas
is not clear. The brecclas on the north-western limb of the
main synclinorium along the southern shore of the Humber Arm are
much coarser than those on the south-eastern limb. Furthermore,
the brecclas are very coarse at Bound Head and this outcr is
believed to originally represent a more western facles than
elsewhere. Brecclas are less coarse and less frequent between
Cox's Cove and Black Head. To the north-east, in Penguin Arm,
however, the brecclas contain fragments up to 2 feet in diameter,
and a masslve grey limestone facles is developed. This limestone
also occurs at Mclver's.

Although no firm concluslions regarding the geography of the

pdleobasin or the source of the brecclas have been drawn, the
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necessary information could probably be obtained from a more
careful and stztistical study of the breccias. The tickness
of the E.l zone, breccilas and interbedded shales and limestones,
is estimated to be 100 feet.

E, 2 The upper part of the formation consists of black shales

with interbedded limestcones and uncommon laminae of buff weather-
ing siltstone. Green shale and dolomitic beds are typically
absent, a feature which distingulishes the Cooks formation from
the Middle Arm Point formation.

The limestone beds of the Cooks formatlion are very fine
grained, weather light or dark grey, and have a bluilsh cast on
the fresh surface. The limestones range 1n thickness from fine
laminae to beds 18 inches thick; the beds being generally more
abundant and thicker towsrds the top of the formation. Fre-
quently the limestone beds contain fine current bedded dolomitic
laminge emphasised by different weathering. Normally the upper
and lower bedding planes are sharp and planar but certain hori-
zons show a nodular development of uncertaln origin.

The nodular horizons resemble ripple marks, however, in
cross-section they show a regular thickening and thinning which
may cut out part of the limestone, leaving isolated elliptical
masses strung out along the bedding. The pinch-cuts are not
recrystallized as one would expect if the nodules were formed by
boudinage. Moreover, the ncdules cannot be concretions since
they are often current bedded. Brueckner (pers. comm. 1964)
has suggested that the nodular development resulted from a partial

solution of an originally continuous limestone horizon soon after

the deposition.
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Other beds referable to the upner nart of the Cooks
formation are in fault contact with zones of chaotic deformation
under the beacon south-east of Frenchman's Hzad. Near the fault the
beds have been dolcmitized and are brown and greenish in coloure.
Thin, fine lime-breccia beds, typical of breccias in this zone,
are exposed at this same locality.

The top of the formation is difficult to define. It is
the author's opinion, howcver, that it grades up into the over-
lying Middle Arm Point formatione. Evidence for this is described
below (Section F.).

Since the top and base of the F.2 zone are never present in
the same section an accurate estimate of its thickness cannot be
made. In the type section at least 500 feet of sediment are

present and this can be taken as a minimum thickness.

F. The Middle °~ m Point formatic

The name Middle Arm Point formation is propnosed for a
seauence of black and green shales with more competent dolomitic
strata exposed to the south of Bleck Brook, to the south of
Middle Arm Point and elsewhere in the thesis area. The strata
on Middle Arm Point, however, are referred to the G. transition
ZONe .

Parts of this new formation include units of Weitgz's (1953)
North Arm and McIver's formations as well as the western outcrop
of the Cooks limestone tongue nroposed by Walthier (1949). The

formation is lithologically similar to the Green Point series
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described by Schuchert and Dunbar (1934,p.38) who found lowest
Ordoviclan graptolites in the series but were unable to esta-
blish 1lts stratigraphic relationships with the rest of the western
clastlc sequences.

Schuchert and Dunbar (1934,p. 87) say: "It is probable that
the Green Point beds are also thrust into the Humber Arm series
on the north side of PMiddle Arm of Bay of Islands, for in Seal
Cove, near Pigeon Head, we observed interbedded shales, thin
limestones and sandstones with intraformational breccia like
those of the Green Poilnt beds". The writer concluded, after
a visit to this locality, that these shales belonged to the
Middle Arm Point formation.

According to the present interpretation, the formation 1is
a ncrmal part of the Humber Arm serles. It overlies the Cooks
formation and grades up into the Woods Island formation. The
formation can be divided into two units:

F. 2. Black and green shales with rare competent beds.
F. 1. Black and green shales with competent beds.

The whole formation is characterised by black and green
shales and dolomite as the maln carbonate mineral.

F. 1 The base of the formation can be seen along the northern

shore of the cove, south of Middle Arm Point where platy 1limestone
of the Cooks type pass, by gradation,into a serles of massive
yellow weathering dolomitic beds, up to 2% feet thick, inter-

bedded with black shale, This sequence 1s approximately 150 feet
thick.

A different transition takes place at Skeleton Cove, im-

medilately south of Big Head where about 10 feet of grey platy
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cerbonate beds, about 3 feet thick, also occur in this section.
These also contain abundant millet-seed sand grains.

A similar sequence of rocks is in thrust contact with the
Meadows formation about 450 yards north cf John's Beach, north
of Benoit's Cove. Near the thrust the rocks are disturbed, but
above 1t, the sequence starts wlth about 3 feet of thin carbonate
beds interbedded with black, and lesser amounts of green, shale.
Thin beds of violet micacecus shale with worm markings are also
found in this sequence, the whole of which is referred to the
lower part of the Middle Arm Point formatiom.

As well as the green and black shales with platy yellow-
brown weathering dolcmites typic:sl of the F.l1l zone, an unusual
breccia crops out in the cliffs to the south of the house at
Lower Beach, about 1% mileg north of John's Beach. The t :ccia
zone 1s approximately 7 feet thick amnd ccnsists of a black
friable shaly matrix wrapped arocund sccttered fragments. Each
fragment 1s 1tself a breccia, conslisting of several small, less
than one 1nch 1in diameter, flattened w»lates of yellowlsh-green
dolomite cemented together. The margins of the breccia zone
show some calcite cementation. The breccia probably represents
the deposition from a mudflow rather poor in fragments.

Massive, 5 feet thick blocks of limestone, apparently de-
rived from the cliff behilind, are strewn on the beach about 100
yards south of Lower Beach. The limestone 1s coarser grained
than any other seen in the Middle Arm Point formation and, under
the microscope consists of coarse calcite crystals which contain

widely scattered recrystallized oolites.,






estimated
thickness
TCP Woods Island formation.
Laminated brown shale and siltstone.... 10 feet
Hard green shale with red-brown -
weathering siltstone and bedded )
white weathering chert. Jees 80 feet
G. 4 Hard green shale with massive beds )
and blocks of yellow weathering )
sandstone. _)
G. 3 Soft brownlish-green fisslile shale
with regular bedded green
micaceous greywWacCKe...ccceececcecess. 300 feet (max)
G. 2 Hard green 1ale with medium bedded)
yellow dolomitic beds
G. 1 Hard green shale with thin bedded )... 30 feet
white limestones: 1limited down- )
wards by the presence of black
shale. _
F. 2 Black and green shale of the Middle
Arm Point formation.
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Nowhere is this complete sequence exposed. Parts of 1t are
exposed on Middle Arm Point as well as tc the north of the pro-
minent headland north cf Black Brook, and on the north end of
Eagle Island. Very similar beds are exposed on Balance Point
(north-west of Gillams), at Jennings Cove, McIver's and in the
bed of a small stream between Voy's Beach and John's Beach.

This zone is almost certalinly present in the eastern half of
Woods Island but was not investigated there.

The transition zone is best developed to { . north of the
prominent headland north cof Black Brook where {1 . green and black
banded shales of the F.2 division of the Middle Arm Point forma-
tion, grade into the hard green shale of the G.1l division of the
transition zone. Over about 20 feet the green and black handed
shales lose their black shale component but a small fault disturbs
the gradation. Unidentified calcareous fossils are present in
the upper part of the green and bleck shales and are also abundant

in the G.1 division. Thin white limestone beds less than one
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inch thick, »rovide the only indications of bedding in the green
shales and are thought to be of organic origin, representing a
mature stage of the fossile.

This zone grades up into the G.2 zone, characterized by the
same hard green shale but containing yellow weathering dolomitic
siltstones and rare vitreous black cuartzite beds less than 6
inches thick. This sequence is about 10 feet thick and vasses,
by gradation, into the G.3 zone which consists of a regular
alternation of laminated, soft brownish-green shales with fine
grained, micaceocus greenish greywacke. The greywackes occur
in beds, as thin as 6 inches r as thick as 6 feet but are most
commonly between 2 and 3 feet thick and make un somewhat more
than 50% of the section. They are not megascopically graded but
may be finely current bedded a 1 their bottom surfaces sometimes
show flute casts and worm markings (fig. 16). The currents
oroducing the flute casts annear to have come from the east.

The total thickness of this zone is in the order of 300 feete

The G.3 zone is in fault contact with the G.4% zone which
consists of another hard green shale sequence. The lower part
of the shale contains interbedded yellow dolomites and thin
black gquartzites with rare white limestone; the upper part of
the shale has interbedded yellow weathering sandstone u»p *to
5 feet thick and contains irregular lumos of the same sandstoneo
The whole G.4% zone is about 50 feet thick. The rest of the
transition zone is faulted out at this locality but is found
under Middle Arm Pointe.

The G.4 zone is faulted towards its base against a zone of

chaotic deformation immediately to the north of Middle Arm Point.
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The G.4 zone consists of shale, usually green but locally red,
yellow weathering sandstone beds ranging in thickness from

9 inches to 8 feet,and a few ble t quartzite beds. The top
of the G.4 zone is marked by a few dolomite beds up to 2 feet
in thickness, which pass into the rocks of the G.5 zone.

The G.5 zone 1is a sequence of hard green shale which contains
brownish-red weathering siltstones up to 5 inches in thickness,
thin bedded yellow dolomitic rocks,and a few greemish-grey, white
weathering thin chert beds.

The ccntact with the G.6 zone is complicated by primary
deformaticn, but the base of this zone is a medium bed of mica-
ceous calcareous andstone which grades up into a auminated
brown shale and white siltstone sequence which occaslionally
shows 1load casts. Towards the too of this sequence a thin bed
of limestone breccia is found. The massive microconglomerate
of the Woods Island formation occurs at the top of this section.

The transition sequence at Middle Arm Point has suffered
much from primary sedinentary deformation. The sandstone mem-
bers, in places, thicken and thin considerably along their strike;
one bed was seen tc thin from 9 feet to 9 inches in about 60 feet.
The black quart e beds are most susceptible and often become
transgressive, showing many features which may be compared to
those shown by intrusive igneous rocks. Sedimentary dykes and
8111ls are ccmmonly found and sometimes contaln fragments of the
host rock, forming sedimentary intrusion brecclas. A body of
black, hard quartzite, some 20 feet long is intruded intc the

sequence and 1s best described as a sedimentary laccolith.



The sedimentary deformation is nrobably connected with the loading
efrect of the massive microconglomerate which lies imnediately
above the deformed zone.

Tne transition zone crons out along the northern shore of
tagle Island, but is somewhat different in character. The whole
scction dips steesly castwards or is vertical, but the beds face
to the west. At the extreme north-castern corner of the island,
beds referable to the Middle Arm Point formation are directly
overlain by a coarse, 10 feet thick microconglomerate. Within
the Middle Arm Point formation, ntygmatically folded black
quartzite dvkes occur as well as an isolated block of sandstone
about 3 feet across. The microconglomerate itself has a basal
microconglomerate crnsisting of olaty fragments, un to 4 inches
across, of yellow weathering dolomites and dolomitic siltstones
of the Middle Arm Point formatione. These are set in a coarse
groundmass of microconglomerate with fragments of rounded quartz
un to 1/8 inch in diameter. The lower bedding planes show deep,
bulbous flute casts. The main body of the microbreccia is
similar to that of the H.l division of the Woods Island formation.
To the west and overlying this bed is a sequence comparable to
the Go.3 division of the transition zone but the greywackes are
less in number and are thinner to the west. Flute marks are
well developed on the lower surface of some of these greywackes
(fig. 16), of the type described by Radomski (1958, cf. fig. 10,
De 363) as "hoof-like casts". They are thought to be formed by
high velocity currents. Moreover they are often comoosite,

another feature thought to indicate high velocity currents.
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The current direction, as indicated by the flute marks, 1s
from the east. This 1s confirmed by the current bedding in the
greywackes.

Above this zone, on the north-west corner of the island, is
a sequence of fisslle green shales wlth patchy red zones. They
grade up into a sequence of browner shales comparable with the
G. 6 transition zone. Towards the top of the shales is a four
foot thick sequence of platy grey limestones, some of which con-
slst of a network of limestone tubes, a half inch or more in
diameter. The ccre of these tubes consists of a rod of white,
coarsely crys! Llline calcite, up to 3 of an inch in diameter.
These tubes may have an organic origin but in thin section no
internal structure could be seen; they consist of very fine
grained calcite surrounding the coarse calcite core. Thie
herizon occurs a few feet below the base of the Woocds Island
formation, in the same stratigrephlic position as the limestone
breccla at Middle Arm Point.

A small part of the transition zone crops out at Balance
Point where 1t is faulted at 1its base, against the Cooks formation,
and overlain by a zone of chsotic deformation. The lowest part
of the sequence consists of several tens of feet of massive-
looking hard green shale with a bluish cast. Its fracture is
more splintery than the hard green shale found at other occurrences
of the translition zone. The only sedimentary feature seen in
the shale was a block, about 3 inches across, consisting of small
black shaly pellets set in a dolomite-c¢ lcite matrix. Quartz

vseudomorprhs after euhedral dolomite crystals are common within

the black shaly pellets, which may indiczte the hard green shale
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members of which are exposed on Woods Island in the Bay of Islands.
The arenaceous members are equivalent to Lilly's (1963,p. 71)
"Western sandstone" formation and are correlative with parts of
Weltz's North Arm and McIver's formatiouns. The formation was
subdivided as follows:

TOP I. Shales with interbedded volcanic flows and breccias:
base of the Bay of Islands Igneous Complex.

H. 5 Thick bedded arkoslic sandstones.

H. &4 Volcanics.

H. 3 Shales, siltstones and sandstone

H., 2 Shales with rare microconglomerate and green

arglllaceous siltstcomnes.,

H. 1 Massive microconglomerate.

G. Transition zone.
H, 1 The oldest member of the formation, a massive microconglo-
merate, occurs at several locallities. It is exposed at Middle

Arm Point and on the prominent headland to the north of Black
Brook. It also formg the prominent headland on the north-
eastern coast of Woods Island and forms the north-western corner’
of Eagle Island. Outside the theslis area 1t caps the western
part of the peninsula between Middle Arm and North Arm (Lilly
1963,pl. 1) The blocks of sandstone visible in the cliff to
the west of Black Head are probably referable 0 this member
but were not investigated.

The massive microconglomerate 1s variable from locality to
locallity but 1its dliagnostic characterlis! s remain constant.
It is typically buff coloured and when washed by the sea weathers
spheroidally, reflecting its homogenous nature and lack of
fracturing or Jjoints.

The rock consists of rock and mineral fragments aich can

be as coarse as 1/8 inch in diameter. Since these fragments
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tend to be rounded, the name '"microconglomerate" is applicable.
Rarely, lenses of limestone and yellow dolomitic pebbles, up
to 4 inches acrbss, are found in the rock but usually the grain
size is uniform. These fragments are set in a matrix of silt
sized aguartz grains with a calcite cement. The rock fragments
include the following types:
Abundant fine grained volcanic material of wvarious
kinds. The fragments are usually fresh but may
have been chloritized. They are of basic or
intermediate composition.
Medium grained calcite marble.
r'ine grained carbonate rock, some of which may be
arenaceous.,
Composite, coarsely crystalline quartz grains.
Sandstones of various grain sizes.,
Composite grains of quartz and feldsvar.
ohaly fragments,
The mineral grains include:
Strained and unstrained quartz.
Feldspar-microcline-orthoclase-albite. They are
usually fresh but may be partially replaced by
calcite.
The fragments in these lists fall into three groups:
l. Those derived from basic or intermediate
volcanic rockse.
2. Those derived from granite rocks,
3. Those derived from sedimentary rocks,
orobably of the Humber Arm type.
The thickness of the member is extremely variable. It is
250 feet thick at the first headland north of Black Brook and
has a similar magnitude at the Woods Island locality; at Middle
Arm Point it is represented by two beds cach about 40 feet thick
sevarated by about 10 feet of shale, whereas on Eagle Island it
is much thinner, only some 30 feet thick. The sea, however,

covers any westward extension of this member that may be present.
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Wwhites River. The thickness of the H.2 zone is estimated at
300 feet.

H. 3 Above the dolomitic sandstone i1s a sequence of white

weathering siltstone and derk shale. Bitumen is sometimes found
lining the Jjoints of the siltstones in this sequence. The
sequence 1s termlinated by a fault at the mouth of Whites River
but 2 very similar sequence of beds crops out jJjust west of
Frenchman's Cove where it grades up into the arkoslic sandstones
of the H.S5 zone.

A sequence of dark shales and medium bedded sandstones, often
showing ¢ rrent bedding and load casting (fig. 17), occurs beneath
the arkosic sandstones of trne H.5 zone on Woods Island. These
beds have also been assigned to the H.3 zone.

In view of the discontinuous exposures of this zone, no
accurzte estimate of 1ts thickness was made. The minimum thick-
ness, however, 1s 400 feet.

H, 4 About 200 feet of altered baslic volcanic flows crop out

on the headland to the west of Tiheay Cove on the south shore of
Woods Island. The flows rest upon about 6 feet of sheared red
shale which contains quartz nodules, elongated in the plane of
shearing, and small frzgments of sandstone and haematite-stained
limestone. The flow contact dips westwards.

The volcanic flows weather rusty red or dark green. The
lower flows are massive and vesicular but higher flows consist
of well formed 3 _lows up to 2 feet across (fig. 18). The
rillows are commonly set in a white calclite, sometimes bituminous,

matrix which, in some places, grades into grey limestone xenoliths.
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Locally the flows are crowded with xenoliths which include apple
green shale, red shale which is often silicifled into a hard
jaspery substance, and sandstone. The xenoliths are up to 2 feet
acroes but often theilr margins are ill-defined and are streaked
out into the lava,

The volcanic horizon can be traced northwards across Woods
Island as a low discontinuous r! e along which deeply weathered
red outcrops of volcanic rock are found. The horizon thins to
less than 10 feet on the northern shore of Woods Island and has,
in addition to fine grained volcanic rock with red shale xenoliths,
a coarser gabbrolc component. The coarser facles occurs both as
thin, devious tongues within the finer gralned rock and as zones
up to 4 feet across. Under the microscope the coarser facies
consists of feldspar lathf#s up to £ inch long, altered to fine
grained calcite with small, euhedral dolomite crystals. The
p nagnesian minerzls are altered to a mixture of chlorite,
antigorite and ilmenilte. Pseudomorphs, apparently after pyro-
xene, can be recognized,

The Woods Island volcznic horizon is probably an extension
of the volcanic horizon found on the prominent rounded ridge
about 3 miles south of Shoal Point shown by Cooper (1936).

Other volcznlic flows in the same si atigraphic position are in-

cluded in Lilly's (1963) map, unit 13, on the peninsula between
Middle Arm and North Arm. Furthermore, similar volcanlc rocks,
which crop out below the Summerside formation just west of Long

Point (Lilly 1963 p. 64-65), could represent the H.4 volcaniec

horizon tectonically included in the section.



The too of the flows, to the west of Tiheay Cove, 1s marked
by a 6 or 7 inch thick bed of red shale which was partially
croded before being overlalin by a sandstone bed one foot thick.
Jverlying the sandstone is a sandstone with red shale fragments,
sedarasted by a small fault from the beds of the H.5 zone.

L. 5 The youngest beds of the Humber Arm series studied by the

writecr are a sequence of massive arkosic sandstones exposed on
the vestern half of Woods Island and along the coastal section
west of Shoal Point to the mouth of Blow Me Down Brook.

The litholozy of the upver arkosic sequence varies but
generally the seauence consists of light to yellowish brown
weathering massive beds of arkosic to subarkosic sandstone with
less common thinly bedded micaceous and argillacsous horizons.

Tne rock is comnonly coarse grained to conglomeratic with pebbles

1o to 4 inch in diameter. The more abundant pebbles are comnosed

of juartz, feldspar, limestone or red chert. Volcanic material

is uncommon thoush chlorite is sufficiently abundant in the matrix
of some of the beds to zive a greenish weathering colour. Haematite
in the matrix colours the rock red in a few localities.

Tyoically, the rock consists of coarse to nedium, rounded to
subrounded grains, mainly quartz but between 20% and 25, micro-
cline, orthoclase and albite, set in a matrix of finer quartz
graias, chlorite and sericite, cemented by calcite. Well rounded
zircon is the wuain accessory mineral.

The beds may bc 28 much as 6 feet thick but are not graded.

o current bedding was seen Ly the writer but Lilly (pers. comi. 196kL4)
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reports large scale current bedding can be seen on Seal Island
to the west of Woods Island. The beds are often load casted,
this feature is developed when a coarser facles has sel led into
a finer facles. Chammelling is also common.

An unusual feature 1s the occurrence of well developed ridges
on some of the bedding surfaces (fig. 19). These ridges are
spaced about three inches apart but bifurcate to form a loosely
knit network. The whole system 1s traceable for several yards
along the strike. A cross-section of the network shows that it
extends downwards into the bed at right angles to 1e bedding,

The veins, as they appear in the cross-section, anastomose down-
wards, becoming thinner and finally dying out before reaching the
lower bedding plane of the bed that contained them. The ridges
are produced by differential weathering. The ridges themselves
are well cemented with a calcareocus matrix, whilst the interstices
have only a poor argillacecus matrix. No explanation is offered
for the 1ifferentlial cementation.

Although the top of the sequence is not exposed within the

thesis area, the H. 5 member is estimated to be 400 feet thick.

I. The Bay of Islands Igmeous Complex.

Although the author did not study the Bay of Islands Igneous
Complex a brief account of it 1s given here since 1t forms an
integral part of the Humber Arm series. This account is taken

from Smit (1958), Lilly (1963, p. 73-75) and Cooper (1936).
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Essentially the complex conslsts of a series of volcanilc
flows about 1,000 feet thick, intruded by large masses of ultra-
basic, basic rock and minor acidic rock. The basal volcanic
flows are interbedded with red and b: £t shale and with often well
graded impure sandstones. The present author noted a sedimentary
sequence Just north of Number Four Mine Brook consisting of green-
ish shale, greenish glauconitic sandstone and grey, rusty weathering
limestone which 1s locally oll-bearing. The sediments probably
intertongue with the lavas and represent younger sequences than
the Woods Island formation.

The volcanic flows are basic andesitic in composition and
are often interbedded with tuffs and breccilas. The contact with
the intrusive rocks is usually marked by a metamorphic aureole
of the granulite amphlbolite type. Locally the aureole 1is
garnetiferous. Less competent rocks near the aureole are often
much deformed.

The intrusive rocks, according to Smith (1958,p.1) “combine
the features of typilcally gravity stratified sheets (e.g. the
Bushveld complex) with those of the massive ultrabasic plutons
characteristic of orogenic belts (e.g. the serpentine masses of
the Appalachian belt )". He considers the plutons to be wedge-
like, thickening at depth. Cooper, however, considers the
plutons to be lopolithic. I1lly (pers. comm. 1964) has suggested
that the intrusions were deformed about a north-south axis during
intrusion and that the layering of the masses indicates a basin-

like shape.
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Je Seqguences not assigned to formationse.

Several sedimentary sequences are found in the map area that
cannot be satisfactorily assigned to a recognized formation.

Je 1 The most important of the unassigned sequences is exposed

imnediately north and south of Lower Beach and consists of brownish
yellow dolomitic siltstones up to 8 inches thick, interbedded

with dark violet shales. The siltstones have worm markings and
load casted bottoms while their upper surfaces can be ripple marked
(fig. 21). The sequence is structurally complex,

A similar, though less deformed sequence of sediments crops
out 4 mile south of Frenchman's Head.

The sequences are somewhat like the dolomitic zones of the
“eadows formation but thzsy differ in type of bedding and thickness
of the competent beds. The dolomitic beds are only slightly
similar to those of the Middle Arm Point formation.

It is possible that the sequence represent a western facies
of the Sumnerside since both show evidence of being deposited in
shallow water and rocks typical of the Summerside formation do not
crop out west of Pettipas Point.

Je 2 A massive bed of dense grey limestone crops out within the

clastic sssuence a few hundred yards west of the main carbonate
sequence, both at Long Point (Lilly 1963) and south of Corner
Brock (McKillop 1963). These authors have interpreted the lime-
stone as either a facies recurrence of the Table Head limestone
or as a tectonic slice of the Table Head limestone incorporated

in the Humber Arm seriese.
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J. 3 A sequence of well bedded, fine gralned carbonate rock

with interbedded calcareous black shale, crops out immedlately
north-west cf Apsey Cove. The carbonate rock is white or tuff
weathering and occurs in beds u> to < feet thick. The lower
bedding plane of the carbonate rock 1is usually irregular and con-
volute bedding is well developed within the bed (fig. 22).

The secuence grades to the north-west into a zone of chaotic

deformation.



CHAPTER III

PAILEONTOLOGY

The rocks of the Humber Arm seriles exposed within the thesis
area are poorly fossiliferous but previous authors have described
fossils in phenoclasts from conglomerates and breccias. Schuchert
and Dunbar (1934) reported fossils from a locality "west of Curling"
but did not identify them or say i1f they were in situ or not.

The present authcr found fc 31l1ls of the following types:

A, In situ:-

1) Graptolites
11) Brachiopods
11i) Unidentified calcareous fossils
iv) Trace fossils.
B. Derived: -
1) Trilobites
11) Molluscs
1i1) Unidentified calcareous fossils.

A, In situ.

1) Graptolites.

Graptolites have been found in the black shales of the Cooks
formation almost exactly half way between Black Head and Cutwater
Hezd,east of Middle Arm Point. The fossils were found in an
angular block, measuring 8 x 6 X 4 feet, perched on an unstable
scree gslope, about 12 feet above sea level. The lithology of
the block which consists of platy limestone, black indurated
shale, and calcareous laminae, 1s exactly comparable with the lith-
ology of the rocks forming the cliff, as are all of the other

blocks forming the scree slope. At the time of investigation,

occasional fragments were falling from the cliff and adding to
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the scree slope. No organic growth was seen on the surface of
the block. There can be little doubt, therefore, that the
block was very recently derived from the cliff behind.

The graptolites were plentiful and well preserved as a
carbonaceous film, in a zone about 9 inches thick in the block,.
None were found in other parts of the block or in the cliff
behind. Dr. L. M. Cumming of the Geologlical Survey of Canada,
kindly identified the graptolites. They are now & part of the
Survey's collection.

Dr. Cumming provisionally identified the following forms:

Dictyonema sp. cf. D. cyathiforme. Bulman (1950)

Dictyonema sp. cf. D. rusticum. Bulman (1950)
Dictyonema sp. cf. D. lapworthi. Bulman (1950)
Anisograptus matanensis. Buedemann.

Their age is Tremadoclan.
1i) Brachiopods.

Several beds yielding brachiopods were founé& in the same
boulder that yilelded the graptolites though graptolites and
brachiopods occurred in separate beds. The author tentatively

: 1itifies them as:

?Lingulella sp.
?Siphonotreta sp.

They are poorly preserved and crushed.
11i) Unidentified calcareous fossils.

These forms are found at the top of the F.2 zone and in the
G.l zone. Limestones which may be formed by them occur in the
H.2 zone.

Several different types of structures are found in these
rocks. They appear to be part of a growth series. Figures 23

to 28 show the stages of development.



The youngest form consists of two ccnes Joined at their
2yices, to give an "X" shaped cross-section. They are set
ia a shaly matrix. In the nore mature forms, the "X" is
hirhly asymmetric with one cone much larger than the other.
The cones grow laterally, tne original central depression 1is
filled and becomes thickened. The amount of shaly matrix
is much reduced until, finally, the forms coalesce and a thin,
nodular, limestone bed resultse.

It is possible that the forms :zoresent different organ-
isms but the gradational nature of the forms sugzests that
they are growth sitazes of a single organismn. Their identifi-
cation awaits further work.

iv) Trace fossils.

Brief attention is drawn to the occurrence of trace fossils
in rocks of the Humber Arm series. They are not widespread but
way be locally abundant. The most comunon types occur as bottom
markings on beds, pnarticul- ly comunon in the D.4, F.l, and J.1l
mones where they are useful ton and bottom criteria. They are
usually sim»ole in form (fig. 29). Another tyose occurs as zones
of more calcite-rich sandstone in the .5 zone of the Woods
Island formation (fiz. 30). Tney may be lobate or vermiform.

3. Derived fossils,

Fossiliferous blocks wzre Tound ine

2) “he cvon~sloneratic 'worizons of the icadows formation.
b) The lime-breccias of the Cooks formation.
¢) The chaotic zones of deforuation.
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deformation is less marked. In particular the McIver's section
is recommended for collecting in the Meadows formation; the
Cox's Cove - Middle Arm Point - Mclver's section for formations
stratigraphically above. Fosslls are most likely to be found

in the Summerside formation at Long Point.
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CHAPTEE IV

STRUCTURAL GEOLOGY OF THE HUMBER ARBM AREA.

Introduction.

All previous 1ir ‘:stigators have agreed that the Humber Arm
area 1s structurclly complex. Not only have the rocks been
much folded, they have also been disrupted by faults of several
different types and ages. There has, however, been little
agreement on even the baslc structural pattern of the area.

The age of folding has usually been regarded as Taconic,

Howley (1874) thought that the area was underlain by two
formations which were repeated by folding. Schuchert and
Dunbar (1934) considered that the dip was predominantly to the
west. Walthier (1949), however, described a large syncline
on the south shore of Humber Arm with assocliated parasitic folds.
Weitz (1953) denied the existence of this fold and reverted to
the 1deas of Schuchert and Dunbsar, Riley (1962) agreed with
Walthier's concept of a syncline, but Lilly (1964,fig. 1) sug-
gested that a mushroom shaped fold may exist in the area.

Whilst much of the detalled structure remains imperfectly
understocd the writer was able to recognize four structural zones,
each with its own incde of deformation. These zones are shown
in fig. 31. They are:

1. The zone of faults and folds.
2. The zone of block faulting.

3. The zone of chaotic deformation.
L, The zone cf mixed structure.
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A fifth structural zone, though strictly referable to zone four,
may be convenlently :scribed separately, as it is a distinct
geol glcal unit:

5. The Rattler BHock.

l. The zone of f: lts and folds.

Within this zone, by far the most extensive in the area, the
rocks are deformed by faults and folds, into a grest variety of
different structures. The folded structures, although essentially
of one age, reflect the different lithologies of the formation.
Furtbhermore, the folding stresses were not uniformly distributed
throughout the zone so thst some parts re more deformed than
others. The dislocations are of two mailn types, one assoclated
with the folding and the other much later.

The structures can be arranged according to thelr apparent
relative age of formation. The oldest is listed 1 rsts

A, Early bedding plane thrusts.
B. The main folds.
cC. Dislocations assoclated with the folds.
D. Later high angle faults.
A, Early bedding plane thrusts.

The differentiation between primary and secondary structures
developed within the area, is often difficult, Bedding plane
thrusts attributed to primary deformation have been described in
an earlier chapter. They are ccnsidered to be primary because

of their limited effect, thelr movement, often contrary to that

required by the local folding, and the lack of associated re-

crystallization. There are, however, rare bedding plane thrusts
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which are lined with calclte. The slickensides on the thrust
surfaces indicate a direction of movement which is not that ex-
pected if they were produced by interbedding plane slip during
folding. Furthermore, the thrust planes themselves are folded
in an exactly similar way as are the beds below and above.

They are clearly pre-folding.

The thrusts may be assoclated with an earlier, hitherto
unrecognized, period of folding, but could, however, have been
produced by interbedding plane slip under the influence of grav-
ity. Recrystallization along the slippage plane could be in-
duced i1f the slipping layer were thick enough. No bre ‘:iation
seems to be aasoclated with the movement. This latter view 1s
gilven some credence by the .rtual restriction of these thrusts
to the transition zone between Cooks and Meadows formations,
where slumping and sliding are known to have taken place. The
best example of these thrusts can be seen a few jards south-east

of Giles Point.

w
-

« The main folds in the Humber Arm area.

The most conspicuous structures in the Humber Arm area. are
folds produced during the main period of folding. The me or
structure so produced is a fold, named by Walthier (1949,p.33),
the Humber Arm syncline. The writer, however, prefers to call
it the Humber Arm synclinorium,

The syncli > >rium, with its parasitic folds, occupies all of
the northern shore of Humber Arm as far north-west as Apsey Cove
and all of the southern shore as far north-west as Benoit's Cove.

The ¢ Llal zone of the ¢ i1clinorium trends north-south and passes
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the eastern zone as a whole, the followlng generalizations can
be made,. The cleavage, which 1is orientcted north-south and
dips steeply westwards, 1s axial-plane cleavege about which the
bedding is folded. Beds dipping westwards at a shallow angle
are likely to be normal 1limbs; beds dipping westwards at a
high angle are likely to be overturned. The folds plunge
southwards. Beds similarly deformed, crop out sc¢ th of Corner
Brook in the beds of Corner Brook and Watsons Brook, while the
bluffs behind West Street, Corner BErook, represent the sc¢ 'hern
extension of the Rallway syncline. The eastern limb of the
syncline is thickened, probably by reverse faulting, to the
south of the Hospital at Cormer Brook.

The eastern sequence may be regsrded as ending Jjust under
Crow Hill on the southern shore and at Crow Head on the northern
shore where the se i1ence 1 truncated by a reverse fault, described
in a later sectlon.

Above this fault, the nature of the folds 1s strongly depen-
dent on the lithologies of the folded beds. The lowest compétent
members of the Summersideé formation, all appear to dip westwards,
some more steeply than others.

Where anticlinal fold hinges are exposed, such as in the
cliff behind Pettipas Point, it is clear, however, that the
shallow dipping beds are the normal western 1limbs of anticlines,
whilst the more steeply dlipping beds are the overturned eastern
limbs,. The axial —lanes of these folds strike north-sc bh
and dip westwards at between 50° and 60°, while boudinage is

sometimes developed on the normal 1limb. No synclines were seen
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and they have probably been faulted out. No evidence for a
plunge on the folds was noticed, but a study of aerial photo-
graphs of the area around Pynns Pond, north of Summerside,
reveals large anticlines plunging southwards. Although no
detalled study of the fold system was made, it would appear that
between Crow Head and Pettipas Point there are at least six
anticlinal axes, repeating the lower horlizons of the Summerslde
formation along the road and shore sectlons.

The shales above the lower competent beds of the Summerside
formation, have been defo: 1 in a d4ifferent manner. They have
taken on an excellent slaty cleavage which dips between 50 and
60 degrees westwards. The folds in the slates are almost mono-
clinal in form. The normal limb, the eastern limb of the syn-
clines and western 1limb of the anticlines, dips westwards at an
angle less than the cleavzge. The "inverted” limb dips nearly
vertically either west or east and is much shorter than the nor-
mal limb. The shortening is at least partially caused by numer-
ous small folds developed on this limb. The axial planes of these
smaller fo A8 are also parallel to the cleavage. The best expo-
sures of this type of fold are found along the railway section
to the east of Church Cove. Frequently, however, the "inverted"
limbs are sheared off. Exposures showling plan sections of
similar folds can be seen at the extreme western end of French-
man's Pond (fig. 32) The beds affected by the folding here
are the more shaly and thinner bedded members of the lower
arenaceous serles,

The rocks of the Meadows formation are folded in yet another
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manner, Major fold axes are only seen affecting the more
massive quartzites and 211 of these are again anticlines.

No detailled study was made of the fold distribution but there
are at least fifteen such anticlines between Davis Cove and
Gillams on the eastern limb of the synclimorium. Twenhofel
(1940, p.41) reports between seven and fifteen anticlines bet-
ween Curling and Cooks Brock on the south shore of the Humber
Arm,

The axial planes of the anticlines dip westwards east of
the synclinorium core. In general they dip at a moderate
angle in the east but approach the vertical at Gillams. In
m: 7 cases, however, the geometry of the folds 1is obscured by
fracturing and quartz velning, since the quartzites have
ylielded by fracture as well as by folding. The western
limbs are sometimes considerably thinned (fig. 33) and the
eastern 1limbs overti le The plunge of the folds, measured
directly on the major fold axes, or deduced from the plunge
of the minor folds, is between 10° and 20° to the south. The
shales have been thrown into tight folds which plunge steeply
gsouthwards Just west of Gillams, in the core of the synclinor-
ium. The high angle of plunge may either be assoclated with
local effects in the core of the synclinorium, or with the
Gillams transverse fault described by Iilly (1963.,p.101)-

In general, the argillaceous rocks of the Meadows forma=-
tion do not develop a slaty cleavage but have a shaly part-
ing parallel or subparallel with the bedding.

The rockes of the Meadows formation to the west of the axial
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zone of the synclinorium are less deformed than to the east.
The beds dip uniformly eastwards, generally at an angle less
than 40°, with only a few reversals due to foldinge.

The Meadows formation grades into the D. transition zone
at Sopers. Since this segquence has no massive competent beds,
the style of deformation is different to that of the Meadows
formation. 1In general the rocks are strongly folded, their
axial planes dipping westwards at angles up to 70°. The
axial planes of the anticlines tend to dip less steeply than
those of the synclines. The western limbs of the anticlines
dip westwards at about 45° while the eastern limbs are over-
turned and dip westwards at about 80°. These anticlines have
crenulated axial zones wnich tend to be flat giving the folds a
box-like shape (fig. 34). Often the anices of the individual
crenulations have been nipped off and isolated from the rest
of the bed, causing small scale repetitions of beds in the
axial zone of the folds. Frequently the axial zones have been
cut out by faults that are not always calcite lined and have the
appearance of small scale unconformities (fig. 35).

The amount of stratigraphic repetition caused by the
folding is difficult to estimate. The oolite beds in this section
dc not seem to be repeated so the repetition may be quite small.
The oolites themselves are not deformed. Specimens taken from
the limbs and axial zones of the fold have a circul » cross-
section. The oolite beds on the limbs, however, are cut by
small tension gashes.

The contact between breccias of the Cooks formation and the
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transition zone is overturned at Glles Point. There is no
evidence for a fault, but the shales are somewhat crushed
and lie above the breccia which dips steeply to the east.
This same contact has been cut out by a thrust fault under
Mt. Moriah, which is described by Walthier (1949,p.34).
This thrust 1s probably only of minor importance, carrying
the base of the Cooks formstion eastwards to rest directly
on the Meadows formatlon.

The folds in the Cooks formation are influenced by the
lithology of the rocks invclved and thelir position in and
near the core of the synclinorium, On the flanks of the
synclinorium, above the massive limestone breccia horizon,
the prcportion of shale to limestone beds 1is high. The
style of deformation is simllar to that found in the transi-
tion zonme. Towsrds the core of the synclinorium, the lime-
stone beds are thicker and more frequent and the folds tend
to be tighter and more acute. The axial planes of the
folds dip steeply to the west or east zbout the axial zone
of the synclinorium. In the ¢ (al zone itself, the folds
are very tight and almost isoclinal. The axial planes are
vertical, and the folds may plunge in anomalous directions.
Throughout the whole of the Cooks formation the platy 1lime-
stones tend to develop calcite filled temnsion gashes,
2£=% The western limit of the synclinorium.

To the west, the synclinorium passes into the Rattler
anticline on the north shore and a minor anticline near Benoit's

Cove on the south shore. The former will be described in a
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separate sectiocn. The latter is a poorly exposed feature
indicated by a change of direction of the dip, north of
Benoit's Cove. The axial zone could not be located with
any certainty.

B. 3 The fold system north of Humber Arm.

To the north of the Humber Arm, it is belleved that the
synclinorium breaks down into a series of dilscreet anticlines
and synclines, trending north-east - south-west. This bellief
is based on several traverses across the area, observations
along the south shore of Middle Arm,and on comparisons with
Lilly (1963,fig. 1), who shows north-east - south-west trend-
ing folds in the north of the present area.

The section between Long Point and Middle Arm Point 1is
of particular interest, since it is there that Lilly (1964)
suggested a mushroom-shaped fold existed. The section,
however, is apparently broadly synclinal in nature with a
serles of smaller anticlines superimposed on 1it. The folds
trend north-east - south-west. A few yards south-west of
Iong Point, the beds of the Summerside formation can be seen
dipping at a moderate angle to the wast. By the first point
north of Barachois Brook, the strike of the Meadows formation
has swung to the north-west; the beds dip to the south-w:=st.
Crossing the brook the strike 1s 1 the north-east, nearly para-
llel to the coast. Probably a large north-east dipping fault
has been crossed. The dip cf the beds changes to the south-
east at Parkes Cove, marking a synclinal axis. The corres-

ponding anticlinal axis is found Just west of Parkes Cove.
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folding. The disloc:.tlions range in magnitude from large
reverse faults or thrusts through smaller reverse faults or
thrusts, to closely spaced shears, fracture cleavage, kink
bands and strain-slip clecsvage. These structures are best
developed on the eastern 1limb of the synclinorium.

The largest structure of this type 3 the Crow Hill -
Crow Head reverse fault or thrust. This structure, which
brings up the Summerside formation and repezts the Meadows
formation, 1ls well exposed on Crow HHill and in the road and
rail sections below. It 18 essentially a faulted anticline.
Figure 37.4 shows a dlagrammatic section through the eastern
part of Crow Hill.

The summit of Crow Hill is a cap of sandstcne belonging
to the lower part of the Summerside formation. Only the
highest escarpme 18 1n place; the lower blocks down to the
shore are fallen and slipped masses. The cap of sandstone
as a whole dips gently westwards but 1s much folded. At the
extreme eastern edge of the escarpment, the sandstone rests
on black shale of the Meadows formation. The contact is a
thrust (fig. 38). The black shale has poorly developed
cleavage which dips westwards at about 30°, less steeply than
the bedding. Near the thrust plane, this cleavage is ob-
literated but, in a zone 2 or 3 inches thick adjacent to the
thrust, the shales are more resistant to weathering and have
a poorly developed secondary cleavage dlpping westwards less
steeply than the original cleavage. The thrust surface it-

gelf dips westwards at about 30° and truncates the bedding of
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tne sandstone. The rest of the sandstone capo rests on red
and green slate and locally is stained red itself. It 1is
tightly folded put it is difficult to determine if these
folds are associated with the thrust or were produced during
orimary deformation.

The section alonz the road is not well exvosed. Passing
uoy the road westwards from the small quarry at the western 1limit
of Corner Brook, scattered outcrouss of weathered shales of the
leadows formation occur. Current bedding in rare occurrences
of grey limestone indicates that the beds are inverted. Higher
uo the hill, the outcrops are in the green and red slate of the
Summerside formation. The crest of the hill is occupied by
sandstones of the Summerside formation which are above the
thrust.

The railway section is well exvnosed. Tne first rock type
seen west of Crow Gulch is dark shale of the Meadows formation
which is followed by about 12 feet of »laty limestone, locally
conglomeratic with interbedded shale. This sequence is very
similar to rocks of the Cooks formation and its presence in
this part of the section is difficult to account for. It is
orobably faulted in, but may represent a limy facies of the
licadows formation not expvosed elsewhere. More dark shales are
exposed for about 280 feet to the west of this. The shales
are darxest to the east and become greener to the west and
are referable to the Meadows-Summerside transition zone.

Faults cut the rocks which are faulted against a sequence of
red slate wiiich crops out for about 200 feet along the cutting.

The red slates are in thrust contact with the tightly folded
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More rarely, they are spaced close enough to be called fracture
cleavage. The amount of displacement on each shear is small
and the beds may be crumpled into small folds with the shears
as the axial vplane. The movement and inclinaticn of these
shears 1s always in accord with the fan concept (figs. 39 - 40).
Below the main CrawHill - Crow Head thrust, these shears are
not well developed but their place is taken by kink bands
(Wilson 1 51) or well developed strain-slip cleavage which is
seen as small south-plunging wrinkles on the older cleavage
surfaces. The movement indicated by these structures is al-
ways a net movement of the upper segment to the east. This

is true both to the east and wect of the rallway syncline,
showing that the dislocations are assoclated with the main
synclinorium rat than with the local folding.

As Walthier noted (949,p,34), the axis of the "cleavage
fan" does not quite ccincide with the axis of the syhclinorium.
He suggested that this may be due to re-orientation of the
forces responsiblg 6r that the structures had different origins.
In the Humber Arm area the non-coincidence is small amd may
be 1llusory since neilther the ¢ Ls of the synclinorium nor
that of the "cleavage fan" can be defined with sufficient
accuracy. Furthermore, this "cleavage fan" is a composite
structure. One type:gleavage and shearing 1s closely associated
with the folding and is parallel with the axial planes of the
folds. Thg:g:;géltype cuts the folds at varying angles.

In the field, it 1is difficut to distinguish betwwen the

minor structures developed during the different stages of
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direction.but other faults, trending approximately east-west,

are not uncommon. It 1s not known 1f these faults are as-

sociated with the folding the rest of the area, or with the
igh angle faultslater than the folding. Perhaps both types

are represented.

3. The zones of chaotic deformation.

At se¢ ‘:ral localities within the Humber Arm area, the rocks
show intense deformation of a type L(fferent to that produced
by folding and faulting in other parts of the area. In general
these zones are charzcterised by ill-sorted blocks of competent
rock chaotically set in a 1 i\ble shaly matrix.

The zones of chaotic deformation are found in the following
areas:

a) Between the main carbonate sequence and the Humber

Arm series.
b) To the east of the upper arkosic member of the
Woods Island formation.

c) Flanking the Rattler Block.

a) As a component of the mixed zones.

The two latter occurrences will be described in separate
sections. In the following sections, the components and field
relationships of the chaotically deformed zones wlill be described.
Figures 41 to 51 illustrate various features of the zones.

1) The blocks.
The blocks found in the chaotic zones may be either frag-

ments of disrupted beds or relatively cohesive -oups of beds

set in a shaly matrix. The fr-gments of disrupted beds are

highly varizble in size, shape and composition. Many different
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rock types have been recognized but, with only a few exceptions,
they belong to the dumber Ari series. Sandstones and quart-
zites of the Meadows and Woods Island formations are common,
as are limestones, lime-brecclas and silty dolomites of the
Cooks and Middle Arm roint formations. Commonly, slightly
more competent shale blocks are set in the matrix but is 1is

Picult to determine where the blocks end and the matrix
begins. Bed and green shale blocks are found in the chaotilc
zones in the east of Woods Island. Some of the red shale
resembles that of the Summerside rather than that of the
Woods Island formation. Locally, pyrite nodules are abun-
dant and are of two sorts, well developed cubes or aggregates
of cubes, and sub-spherical masses with a radlial structure.
Volcanic blocks are sometimes found, the largest of which can
be seen at Peter Point on Woods i1land. No plutonic blocks
were found.

Petrographicelly, the blocks may be altered or unaltered.
The very fine grailned limestones of the Cooks forr :ion often
retaln their fine gralned texture; sandstones are often un-
rec¢ rstall :d; volcanic rocks may retain theilr spherical
vesicles and the deliczte internal structures and shape of
calcarecus fosslls occurring within the shaly locks are
often preserved. Less frequently the blocks are altered.
Limestones in be re-crystallised but never coarsely 80, the
calcite, however, is never streaked out into the shaly matrix.
The volcanic blocks may be chloritized and have thelr vesicles

deformed., Sandstone blocks may be convesrted to quartzites

but are only rerely crushed or veined with quarts. It is
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interesting to note that the ridge and furrow structure developed
in the Woods Island formation is represented in a recrystallized
form (fig. 20). The size of the blocks ranges from less than
1 mm. to an undetermined upper limit. Blocks measuring 8 feet
and more in all dimensions, are not uncommon in the zones on
Woods Island and at Frenchman's Head. Blocks much larger than
this have been seen but they are usually of the composite type,
consisting of coherent groups of beds. When this type of block
is large it is difficult to tell if it is a block or a normal
sequence of sediments. The whole of the prominent headland on
the north-eastern coast of Woods Island may conceivably be a
block. In general, the large homogeneous blocks tend to be
sandstone or calcareous shale, whilst carbonate blocks are smaller.
The shape of the blocks may be angular or rounded, platy
or approaching spherical. The blocks never have striated surfaces
but some of the sandstone blocks have kidney-shaped surfaces
resembling those of slumped bodies, while others are crudely
elliptical. Small elliptical masses, up to 1% inches long, are
loccally abundant in the shale, If these blocks are etched with
hydrofluoric acid, the adhering shaly matrix disintegrates,
leaving an angular core of limestone, or more rarely, sandstoneo
The cores are often crushed and the fractures filled with coarse
calcite erystals but are, themselves, never recrystallized. The
matrix around these cores contains small chips of limestone,
ranging in size from 1 mm., upwards. The original elliptical
shape of the blocks is due to shale having been pressed into

the concavities of the irregular corese.
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There is almost every gradation between blocks having no
relationship to surrounding blocks and coherent groups of beds
enclosed within the matrix. An intermediate gradational stage
has blocks isolated in the matrix but occurring in roughly linear
zones as if a single horizon had been disrupted. Sometimes
current bedding in such zones gives constant directions for tops
over several yards and a ghost stratigraphy and structure can be
recognized. Such zones are more common near the margins of the
chaotic zones. Another type of block can be seen Jjust east of
Tiheay Cove where a seguence of well bedded quartzites and shales
pinch out along the strike (fig. 47). The sequence is a composite
blocke.

The concentration of blocks in the matrix is variable, but
is usually low,

ii) The matrix of the chaotically deformed zones.,

Two lithological types of matrix can be recognized. The
zone between the main carbonate sequence and the Humber Arm series,
has a black shaly matrix, whereas, in addition, the other zones
locally have a green and black banded shaly matrix, similar to
the shales in the upper part of the Middle Arm Point formation.
This comparison is supported by the occurrence of the calcareous
fossils in the shaly matrix. Both types of matrix may be very
friable, crumbling into sub-lenticular masses. Later defor-
mation has locally compacted the matrix and this compaction is
accompanied by the development of a poorly defined plane of parting,
or as in the case of the zone adjacent to the main carbonate

sequence, a relatively good cleavage. This cleavage, however,
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Lationship to the intricately contorted beds seen in
the matrix. The smaller blocks may be rotated so that their
lonzest axis is in the plane of this parting or cleavage. The
most noticeable feature of the matrix, is the absence of calcite
or jJuartz stringers, indicating that the material constituting
the blocks was not mobilised during deformation. Only when
close to later faults does the shaly matrix show any slicken-
sides. Adjacent to these faults, the shale may take on a
oecrfect mirror-like volish. These faults are often calcite
lines and tend to stand out from the shaly matrix because of
their greater resistance to weathering. The faults are usually
compound; one fault showed eight separate slicxensided surfaces,
indicatinz four different directions of movement. The faults
often curve round larger blocks and the intensity of the defor-
mation of the chaotic zones does not increase near them.

It is concluded that the faults were formed later than
the chaotic deformation.

iii. Contacts of the zones.

The contact between the chaotic and non-chaotic zones 1is
usually faulted but may locally be gradational. The gradation
r1ay take the form of a gradual disapjearance of deformation or
it may be represented by a zone of coherent but intricately
folded sediments. These folds do not have any relationshiop with
the regional folding and are onlastically deformed in a manner
more like that produced by primary than secondary deformation.

iv. Characteristics of the individual zones.

EZach zone of the chaotic deformation has its own character-

istics which are outlined below.
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The zone between the main carbonate s snce and the Humber
Arm series 1is poorly exposed in the area. The best section is
in the bed of Corner Brook where the chaotic zone 1s separated
from the main carbonate seque e by the Cormer Brook fault.
(McKillop 1963,p. 81). The first rock type exposed to the west
of this fault, is a small 1solated mass of brownish yellow limy
shale. To the west of thlis shale, is a2 sequence of black shales
with & north-south trending sub-slaty cleavage. Bedding is not
seen in these shales but they contein rather scattered blocks,
usually elliptical in shape, with their long axes coincident with
the cleavage. The blocks conslst of cazrbonate or quartzite.
McKillop (1963, p.60) report?ione block of carbonate, 4 feet by
12 feet in size, but they are usually less than one foot long.
About % mile downstream from the contact, the zone gr¢ } into
normally bedded members of the Meadows formation,. This zone of
chaotic deformation i1s characterized by only a few blocks and by
having a matrix which 1s coherent and cleaved.

The equivalent section on the north shore 1s found in the
Hughes Brook area. It was not studied by the author but Lilly
(1963 p.63) describes this zone. The lowermost shales of the
Humber Arm series are "interbedded with quartzite lenses, many of
which have been broken up into subrounded tabular blocks" (ibid., p.6!

At the Long Point locallity, the main carbonate sequence 1is
overlain by a sequence of black calcareous sh: 35, which contains
widly scattered blocks that appear to be carbonate concretions
rather than fragments of disrupted beds. No trace of bedding

can be seen in the shales, which crop out for several hundred
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yards eastwards between Long Polint and the main carbonate sequence.
Just east of Long Point the shales contaln a large mass of grey
limestone (J.2, p.6d. Long Point itself consists of a hard green
shale and 1is rerlain to the socuth-west by a thin chaotic zone
contailning blocks of yellowlsh brown weathering dolomitic silt-
stone, identical to rock types in the Middle Arm Point rmation.
Above this zone is a green shale containing small blocks elongated
in the well developed cleavage. The green shale underlies the
volcanic horizon previously described.

Outside the thesis area, the chaotic zone adjacent to the
main carbonate sequence 1is better developed. At the head of
Penguin Afm, large blocks of massive limestone as well as platy
11mestone§, simllar to those of the Coocks formation, occur as
isolated blocks in black éhale ad jacent to the St. George's forma-
tion. \

A rock type containing blocks of disrupted dolomitic beds
similar to the "fluxoturbidite" horizons described from the
Meadows formation, occurs further west on the south shore of
Penguin Arm near the base of the Humber Arm serles and is thought
to represent the speciai type of chactic deformation described
in the discussilon.

To the north,a_. Bonne Bay, this same contact is marked by
& chaotic zone which i1s well exposed at Gadds Harbour and Neddies
Harbour. The zone separates the Gadds Harbour slates, which
overlie the maln carbonate sequence, from a series of massive
greenish sandstones. It 1s postula*—=d that a zone of chaotic

deformation is general between the main carbonate sequence and
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the Humber Arm series as redefined in Chapter V (pp. 102-103).

The best developed and exvosed chaotic zone 1is found bet-
ween the beacon socuth-east of Frenchman's Head and Shoal Point.
The eastern contact i1s a fault of unknown maghitude, which
separates 1t from the limestones of the Cooks formation. The
fault seems to have thrust the limestones westwards over the
chaotlic zone, folding them into a recum 1t syncline. Some of
the limestones are dolomitized near the fault,which is probably
of the high angle and reverse type. North-west of this contecs ¢
is a chaotically deformed zone gbout 1.5 miles wide. Near the
eastern contact, the blocks are usually of the composite type
but blocks of the simple type occur farther west towards the
interior of the zone. The whole zone 1s crudely 1! :ated in
a north-south direction and blocks of similar lithologles tend
to occur in zones aligned in this direction. The first ex-
posure east of Frenchman's Cove is not blocky but is much folded
and grades up into a blocky zone eastwards. West of French-
man's Cove, the section 1s only locally blocky and the deforn
tion decreases to the west. The rocks are not strongly de-
formed west of Shoal Point.

A simllar chaotic zone is found to the north of Frenchman's
Cove on the eastern half of Woods Island. This zone, however,
contains more "1nc1usioné" of boherent sed! 3nt,which are locally
strongly folded. Some folds are completely overturned and
appear to be syncllines but according to current bedding have
older rock in the core. (fig. 52). The axes of these folds
vary from the regional north-south trend, and plunge in many

directions at angles up to 90°(fig. 53).
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A zone of chaotically folded yellow dolomitic siltstones
with interbedded shales crops out south of Frencrman's Cove in
the bed of Clarks Brook. The siltstones are ple tically folded
about randomly orientated axes and are not recrystallized or
significantly fractured. Often fold noses occur as 1lsolated
blocks in the phacoidally cleaved but indurated shaly matrix.
Rocks F the Meadows and Cooks formations crop out east of
this zone and are normally deformed.

Since a similar zone of pl: :ic folding on the flanks of
the RBattler Block, grades upwards into a zone of chaotic de=
formation, i1t is assumed that the zone in Clarks Brook does
the same. It is i :her assumed that a zone of chaotic deforma-
tion occurs beneath the upper part of the Woods Island formation and

S
extendmm around the flanks of the Bay of Islands Igneous Complex.

4, The zonee of mixed structure.

To the east of the western zone of che tic deformation 1is
a zone of deformation characteris 4 by an altermation of thin
chaotic zones with coherent sediments. This zone makes up most
of the section between Black Head and the first point north of
McIver's. Its continuation to the south crops out along the
shore between Frenchman's Head and Just north of John's Beach.
Since this zone is folded and faulted as well as chaotically
deformed, its structure 1ls the most complex in the aresa. Far-
tunately the »>rthern shore section 1s well exposed. Figure

37.2 shows a diagrammatic cross-section between Middle Arm Point
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and McIver's Point. In general, the beds in the mixed zone dip
southwards but minor folds plunge southwards down the dip of the
beds. The boundary between the chaotic zones and the coherent
sediment 1is usually a fault (fig. 54)+ The dismlacement acrose
these chaotlic zones ! considerable but no greater than that
across the high angle faults that cut the sequence. There is
no blocky development assoclated with these faults.

Little information concerning the mixed zone on the southerm

Ot\qcr- tho.t
shore, |mere than e shown on the map, is avalillable.

The Rattler Block is the geological unit which outcrops
between the mouth of Rattler Brook, south of HNMeclver's and Apsey
Cove. Its extension inland is not definitely known but it is
probably limited to the north and west by the Mclver's -
Gillams road. The anticlinal structural interpretation of the
block 1s shown in figure 37.3-

The rocks of the lMeadows formaticn dip generally eastwards
west of Gillams whereas they dip north-west at McIver's. The
strike lines on the Meadows formation between these two points
describe an arc concave to the south-west around the Rattler
Block but are somewhat disrupted by faults.

At the mouth of the Rattler Brook, the intricately con-
torted shales of the Meadows formation are separated by a small
fault from a zone of chaotic deformation. This zone 1s well

exposed in the bed of the brook and consists of blocks, including
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one volcanic block, set in a shaly matrix. Up stream, the zone
passes, by gradation, into a zone of contorted but coherent
sediments., A similar transition is seen along the shore section.
The contorted zone passes into a zone of normally folded rock
which dips generally to the north-west, referable to the lower
nart of the Middle Arm Point formation. These beds form the
scaro which runs eastwards from Big Head to the north of
Skeleton Cove., Below the scarp is a zone of poor exposure
which may cover a fault or another chaotic zone. Isolated
patches of brownish shale with thin silty laminae below this
zone may belong to the Mecadows formation. On the south-eastern
shore of the cove, rocks of the Mzadows-Cooks transition zone
are zxposed, including a deformed oolite bed. The whole section
is much folded and is essentially overturned. A fault zone
separates these beds from the Cooks formation which outcrops on
Bound Head and is represented by platy limestones with inter-
bedded shale and lime-breccias containing large boulders of
limestone. These beds striks east-west and dip southwards.

The Cooks formation is separated by a zone of no exposure from
the hard green shales of the Middle Arm Point - Woods Island
transition zone that form Bazlance Point. They dip to the south-
easte. To the south-cast of the point, these rocks are in fault
contact with a zone of chaotic deformation which apnears to
overlie and truncate the rocks of the transition zone. The
actual contact, however, is exposed in the intertidal zone and
dips, conformrably with the sediments, steeply to the south-east.

It is marked by a thin calcite lined fault zone. A later
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thrust has faulted the chaotic zone over the truncated sediments.
The thrust surface is nearly horizontal and is marked by small
patches of calcite with cast-west trending slickensides. The
zone of chactic deformation extends some 1,200 yards south-west
to Apsey Point and contains plates of limestone in a2 black
shaly matrix. Sometimes the beds are quite coherent and, to
the south-west, large masses of sandstone, probably representing
the lowest member of the Woods Island formation, are included
in the shale. Some of the blocks are 50 feet long. Towards
Apsey Point, shaly blocks contain the unidentified calcareous
fossils. The shaly matrix is, here, the contorted and sheared
green and black banded tyoe. The zone grades into the J.3
sediments which are not represented elsewhere in the area. A
zone of no cxposure separates this outcrcp from the Meadows
formation on the western limb of the Humber Arm synclinorium.
Essentially the Rattler Block is interpreted as an anti-
clinal zone with a core of rocks belonging to the Cooks and
Middle Arm Point formations and to the D. and G. transition
zones. These are flanked by zones of chaotic deformation and

overlain by rocks of the Meadows formation.,
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CHAPTER V

DISCUSSION

In this chapter the rival concepts of the Humber Arm series
noted in the introduction will be discussed using as much of the
available evidence as is possible. The first essential in
discussing these concepts is a knowledge of the age of the

Humber Arm series.

1. The age of the Humber Arm series.

Fossils were found in the Humber Arm series both in situ and
derived as fossiliferous fragments in conglomerates and breccias.
The fossils found in situ are grapntolites of Tremadocian age and
were found in rocks referred to the upper part of the Cooks
formation. Since it 1s believed that there is virtually a
continuous ssguence between the Summerside and Woods Island
formations, the Woods Island, Middle Arm Point and the top of
the Cooks formation can be regarded as Ordovician in age, whilst
the bulk of the Cooks formation, the Meadows and Summerside
formations can be regarded as Combrian in age. Confirmation of
the age of D. transitional zone and indirectly of the beds above
and below it, awaits identification of the fossils found thereo

The fossils found in the conglomerates and breccia pheno-
clasts, fall into two main tyoes; those found in the lime-
breccias, and those found in the polygenetic conglomerates. The

fossils found in the lime-breccias are Lower Cambrian in age
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and it has been suggestzsd that they indicate the age of the
breccias themselves (Rodgers and Neale, 1963, p. 722), as do
the fossiliferous boulders in the Cow H« breccia. At

Cow Head, some 70 miles north of the Humber Arm, Schuchert and
Dunbar (1936) described a ssquence of lime-breccias similar,
but thicker and coarser than those found in the Humber Arm
area. These breccias were originally thought to lie at the
base of the Humber Arm series and to be Mid-Ordovician in age.
Kindle and Whittington (1958, 1959), however, found that the
sequence ranged in age from Mid-Cambrian to :{id-Ordovician.
Furthermore, they found that the age of the fossils found in
any particular boulder was very ncarly the same as the age

of those found in the matrix containing the Boulder. Evidently
the bculders represent pieces of a carbonate bank or reef which
were broken off and transported, soon after their deposition,
into a more shaly facies. If the breccias in the lower part

of the Cooks formation had a similar origin, as the writer
suggests, then it would follow, that since the fragments contain
Lower Cambrian fossils, this is the age of the lime-breccias.,
The Meadows and Summerside formations would then be at least

as 0ld as Lower Cambriane.

The fossiliferous limestone boulders in the Meadows
conglomerates all indicate a Lowser Cambrian age. If the conglom-
erate as a whole is to be regarded as Lower Cambrian, the fragments
must be interpreted as having been derived from a contemporaneous
limestone-rich facies, which was disrunted by the currents that
swept the other components of the conglomerates into the basin

of the depositione.



This interoretation of the ages of the various formations,
depends unon a correct interoretation o€ the structure of the
area. As ainted by Lilly (1964}, the main Humber Arm fold
coald be an anticlinorium, not a synclinoriun. According to
this interoretation, the Cooks formation would be older than
the ..eadows formation and ! a facies equivalent of the iddle
ar s Point formation. The Woods Island formation could then
De a facies of the lMeadows and Su aerside formations. All
avallable evidence, however, indicates that the structure is a
synclinorium, and the regional distribution of the formations
©S 1in accord with their orojoscd relativs ages and with a
synclinorium with 2 southerly olunge and associated flanking
anticlines.

Nevertheless, the ages deduced for the Humber Arm series
in the type section, are at variance with that osronosed by
Schuchert and Dunbar (193%, o. 98), for the Humber Arm series
in general. They reocort finding fossils at three localities....
"one near Rope Cove south of the mouth of the Serventine River,
a1l ther west of Curling on the south shore of Humber Arm, and a
third just north of Cormorant Head on the north-west shore of
tr  St. George Peninsula." (it d., p. 98). ©HNone of the fossils
We e said to indicate an age younger .a1an the iiiddle Ordovician.

There can be 1ittle doubt that at the latter locality, the
Table Head limestones pass, by gradation, into a shaly sequence
which yields Mid-Ordovician fossils (Riley 1962). It is eiually
clear, that some of the clastic rocks to the west of the

main carbonate segquence are older the Mid-Ordovician.
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Jommson (1941), for example, recognized, north of Bonne Bay, a
clastic sequence estimated tc be between 6,000 and 7,000 feet
thick, which ranged in age between basal Ordovician ad lower
Middle Ordovicilan. His lowest division was the Green Point
sequence. Oxley (1953) recognized a similar sequence in the
St. Barbe district. Kindle (1945) reported Tetragreptus, a

pwer Ordovician form, in the Humber Arm slates which overlile
the main carbonate sequence in the Pistolet Bay area, in
northern Newfoundland. Furthermore, Kindle (pers. comm. to
Iilly 1964) reports that the "Triarthrus" reported from Rope
Cove (Schuchert and Dunbar ¥34,p. 90) is in fact, Blenvillisa,
a latest Cambrian form. More recently Cumming, (1965,p.104)
1 Jorts Lower Ordovician graptolites in deformed shales, lying
above gently dipping rocks of the main carbonate sequence from
two localities on the Port au Port Peninsulse.

It is evident that there are two separate sequences of
clastic rocks occurring on the western flank of the main car-
bonate sequence. One, only proved to exist ¢ the Port au
Port Peninsula, 1is later in age than the Table Head limestomnes,
and has a normal sedimentary contact with them; the other is
contemporaneocus with the main carbonate sequence. Both are
currently known as the "Humber Arm series'.

To prevent further confusion, the writer suggests that a
new name be proposed for the clastic sequence of Mid-Crdovician
and perhaps later age, which has a sedimentary contact with the
Table Head limestcnes. The name "Humber Arm series" could

then be retalned for those rocks which are of the same age as
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the main carbonate segquence but spparently overlie them, such

as those ks in the original type section. It 1s further
suggested, that in contrast to previous practice, clastlic rocks
to the west of the main carbonate sequence, should be assumed to
belong to the Humber Arm serlies in 1its re :fined sense, rather
than Mid-Ordoviclan or later in age, unless the contrary can be

proved.

2. Stratigraphy and sedimentation.

The question now arises, 1f there are two contemporaneous
sequences of a different facles to the west of the ILong Range,
what was the original relationshlp between the two? A partial
answer to this questicn may be obtalned by a consideration of
the stratigraphy and s« .mentation of the Humber Arm serles in
the area studlied.

Within the series a crude cycle of sedimentation can be
detected. The oldest rocks are arenaceous and include red and
green shales, probably rapidly deposited. They are overlain
by a slowly deposlited shale-carbonate sequence, which at first,
is sand-free and limy but later, 1s more sandy and dolomitic;
green shale reappears. A thin serles of green flysch-like
rocks marks a transition into a rapidly deposited arenaceous
sequence with green and red shales, comy :ting the cycle.

The earliest part of this cycle 1s represented by the
Summerside formation. The true base of this formation is no-

where exposed, but at Long Point a volcanic flow apparently
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The top of the Meadows formation, the D. transition zone,
and the base of the Cooks formation show indications of increased
activity in the basin of deposition. After a brief period of
coarser sedimentation marked by the Meadows conglomeratic zone,
arenaceous sedimentation gradually halted. At the same time
the sediments were much disturbed by slumping and sliding.

The source and direction of transportation of lime-breccias is
not clear. The direction of slump overturning suggests a
valeoslope to the west but the coarsening of the breccias may

be taxen to indicate a source also in that direction. It is
nossible that two or more sources could have contributed the
material to the breccias. In this context it is worth noting
that Kindle and Whittington (1958, p. 339) say that Mid-Cambrian
boulders in the lower part of Cow Head are not known in place

in West Nezwfoundland. Their source i1s evidently not the main
carbonate sequence. Blocks higher up in the Cow Head breccia,
however, are derived from the St. George and Table Head formation.

The bulk of the Cooks formation represents a period of slow
sedimentation, lasting from ?Lower Cambrian to lowest Ordovician.
No arenaceocus sediment was depvosited. Although the limestones
are not graded and have no bottom markings, it is possible that
they were cdeposited from turbidity currents, accounting for
their current bedding and the regular alternation of shale and
limestone. The source of these currents must have been a
distant site of shallow water carbonate sedimentation. The black
pyritiferous shales indicate reducing bottom conditions. Sedi-

mentation of the Middle Arm Point formation was dolomitic and
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more arenaceous. Since this arenaceous material iss. 8sized,
or well rounded and frosted larger grains, some 1 :ht have been
windborne. The presence of green shale indicates periods of

less reducing bottom conditions. The base of the G. transition
zone marks the termination of strongly reducing bottom conditions
and the beginning of a short period of flysch-like deposition.
The rocks of the G.3 sequence show a regular alternation of grey-
wacke and shale and are often flute marked. The turbidites
flowed from the east. These rocks pre-date an arenaceous perilod
of sedimentatlon. The presence of bedded chert may indicate a
mingling of fresh and ¢ : water (Bien et al. 1959) as at the
mouth of the delta. The H.4 volcanic rocks indicate an earlier
preriod of submarine volcanism than the main Bay of Islands
Igneous Complex. They are overlain by »’lasse-—l1ike sediments
of the H.5 zone, which were probably deposited in shallow water
deltaic conditions. The red shale may even indicate local sub-
aerial deposition.

The facies relationships wlithin the original basin of de-
position were probably not simple. The existence of two separ-
ate facies, one arenaceous and the other calcareous, in Lower
Cambrian time 1s indicated by rare lenses of carbonate breccia
in the Meadows formation, by the derived ocolites in the D.
transition zone and the sudden influx of lime<br¢ 2ias with un-
common arenaceous blocks at the base of the Cooks formation.

An interfingering between the Cocks formation and the Middle Arm
Point formation, probably exlsts since the lithological equi-

valent of the Middle Arm Point formation to the north and south



- 107 -

of the Humber Arm area contains the same fauna as the Cooks
formation in the Humber Arm area.

The most important facies contrast, however, is between
the Humber Arm series and the main carbonate sequence. While
the lower clastic Cambrian of the Humber Arm series is comparable
with the Mt. Musgrave formation (Lilly 1963, p. 15) of the main
carbonate sequence, and the Cooks formation is comparable with
the Reluctant Head formation (Lilly 1963, p. 21), the Ordovician
varts of the sequences are of greatly contrasting facies,

The Ordovician rocks of the Humber Arm series are platy
limestones and dolomitic siltstones with interbedded shales,
coarse arkosic rocks and volcanicse At least the G.3 part of
the sequence was derived from the east where, today, the pure
massive limestones and dolomites of the main carbonate sequence
are exposed. These carbonates contain no arenaceous, shaly
or volcanic rich horizons, yet the two sejuences crop out within
two miles of each other in the Penguin Arm locality. Possible
explanations of the contrast will be discussed in the next

sectione

3. The relationship between the Humber Arm series and the

main carbonate segusznce.

As previously noted,'the Humber Arm series apparently over-
lies the main carbonate sequence. Not only, then, is there a
facies contrast between the two sequences, but also, the older

rocks of the Humber Arm series are superimposed upon the youngest
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rocks of the main carbonate sequence. Within the Humber Arm
series itself, there are also local superimpositions of older
over your r rock such as in the Rattler Block. Since the
critical contacts are marked by zones of chaotic deformation,

it is probeb. that the movements producing these zones are those
that telescoped the facles and superimposed the Humber Arm series
over the main carbonate sequence,

Processes that may soduce such chaotically deformed zones

may be chssified under three headings

a) Diastrophic processes.
by Sedimentary ovrocesses.
c) Resedimentary processes.

a) Diast¥ophic processes.

By the term "diastrophic processes", the author means to
imply those tectonlc processes which are actlvated by forces
originating deep within the crust and only modified by the ef-
fect of gravity. Several different processes fall into thie
category.

é; High angle reverse faulting is the most obvious process that
could produce the chaotic zonesg and result in the proximlity and
observed tectonic relationships of 1e Humber Arm series and the
main carbonate sequence. Several features of these zones, how-
ever, make it unlikely that the zones represent fault breccias

of this type. No breeclation of the main carbonate seguence

is seen next to these zones; the deformation 1s restricted to
the Humber Arm series. Little recrystallization of the fine
gralned limestones,or of delilcate fosslls, has taken place within

the zones. If the faulting forces were strong enough to effect
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the movement postulated, it 1s to be expected that within the
zones considerable moblilization of calcite or even of quartz,
would be evident. Crushing of thec matrix and blocks is less
than that to be expected along major reverse faults. Any
slickensldes seen in the zones are usually associated with the
minor calcite-filled faults that have cut the zones. Further-
more major faults that do cut the Humber Arm series do not have
blocky breccis zones.

1ii1i.) It could be that faulting, cutting poorly consolidated rocks,

produced the chaotic zones. This mechanism would involve the
movement of a rigid basement on which a seguence of sediments

was actively belng deposited. The sediments near the base of
the sequence may be quite lithified and yield by fracture or
folding, but the youngest only partially consolidated sediments
could yield by flowage and disruption. Little friction or heat
would be generated. The chaotic zones 1in the Humber Arm series
are crudely concordant, however, and not transgressive as they
would be if produced by faulting of this type. Furthermore, the
chaotic zones are found at different, discreet horizons within
the serles.

ééé) Breccla may be formed during folding of a series of sedi-
ments of differing competences. The chaotic zones could 1
interpreted as disrupted, less comr tent horizons, folded between
competent beds, The geometry of small folds wilthin the zones,
however, bears no relationship to regional trends which are re-
flected only in the crude north-south cleavage, secondarily de-

veloped in the zones. Furthermore, where a sequence of
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competent and 1lncompetent beds are known to be tightly foclded,
such as in the core of the synclinorium, nc blocky development
is seen.

It seems unlikely that these diastrophic orocesses have
been responsible fcr the deformation in the chaotic zones.

b) Sedimentary processes.

It is possible th=t the chaotic zones were not produced by
deformation but by chaotic deposition. OCrdinary sedimentary
processes though, are not likely to have bteen energetic or
persistent encugh to move blocks as large as those fcund in
the zones over the required distances. The zones could be
tillites which are 1ll-sorted with regard to shape, size and
composition of the contained blocks alike. There 1is, however,
no trace of grooved blocks or striated pavements nor any
indication that the blocks were dropped from melting icebergs.

c) Resedimentary processes.

Sevzaral types of chaotic zones resulting from the distur-
bance and resedimentation of a series of poorly consolidated
sediments have been described in the literature.

Deposits from mudflows bear a striking resemblance to the
chaotic zones of the Humbter Arm series. Dorreen (1951) des-
cribed rubble bedding from the Talara formation of north-western
Peru. "Blocks of sandstone and shale may be seen dipping in
any direction; cobbles and rounded pebbles protrude from the
shale while crumpled and compressed "flowage shale" enclosing
the blocks contains an intricate variety of minor contortions.”

(ibid., p. 1834). He describes exotic bhlocke of sandstone up
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#ildflysch, however, not only occurs as lenses in otherwise
normal sedimentary sequence, but also as "cushions" to various
nappes (Collet 1927, p. 85). This second type has been regarded
as the deposit from mudflows derived from the fronts of advancing
nappes and later overrun by them (e.g. Hills 1963, p. 61).

The chaotic zones derived from mudflows, when their upper
surfaces are exposed, are usually overlain by a normal sedimentary
sequence, usually of a turbidite facies., The mudflows took
place on the water-sediment interface and the whole mass of the
material transported was involved in the chaotic deformation.
The Humber Arm chaotic zones grade up into undeformed sedimentj
the contact is not sedimentary. Neither are the zones derived
as mudflows from advancing nappes and later overrun by them,
since they contain blocks derived from both above and below the
zones. (This latter mode of origin, however, may be tenable
for the mudflow-like rocks exposed at the base of the Humber
Arm series on the south-east shore of Penguin Cove).

The Humber Arm chaotic zones bear some resemblance to the
chaotic deformation seen in certain orogenic regions. In the
Apennines, for example (Maxwell 19643 1959a3 1959b; Merla 1957;
Wise and Bird 196%), an autochthone 1is overlain by the alloch-
thonous "argille scagliose" (scaly shale). The argille
scagliose are a chaotic mass of friable shale which includes
exotic blocks of all sizes up to one with an area of 200 sq. km.
These blocks include types of the same age as the autochthone
but different facies. Igneous blocks, including ultrabasic

types, also occur as components of the argille scagliosej some
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ophiolitic blocks are as much as 1.5 km. thick. The allochthone
is believed to have been emplaced by orogenic landslips. The
sediments of the allochthonous sequence were originally deposited
to the west of the autochthone. They were uplifted on a series
of fault blocks, and being mainly incompetent in nature, flowed
eastwards under the influence of gravity, over the autochthone.
During this process, the more competent rocks yielded by
fracture and were transported as blocks. The movement was
submarine since some of the blocks were the site of sedimentation
during transport. The process can be compared with gigantic
mudflows carrying massive blockse. It is only a difference in
scale that separates deformation of the argille scagliose type
from mudflows. Similar chaotic zones are known from the
Himalayas (Heim and Gansser 1939, p. 154) and from the Moroccan
Pre-Rif nappe (Choubert and Marcais 1952).

These terrains are predominantly chaotic in nature. The
Humber Arm series, however, only contains a few limited zones
of chaotic deformation and is predominantly coherent.

Structure described by Barrington Brown (1938) and Baldry
(1938) from Equador and Peru resemble more closely those found
in the Humber Arm area. These authors described great thick-
nesses of lithified rock which slipped many kilometers oceanwardse.
The slippage surfaces have shallow dips and are marked by a zone
of chaotic deformation which may be as thin as several inches
or as thick as several hundred feet. The chaotic zones were
described as "clay pebble-beds" and superficially resemble boulder
clay. The authors claim that the zones contain material from

sequences both below and above them and may be locally trans-
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gressive. This theory, although accepted by de Sitter (1956,
P. 272) and Hills (1945),has been rejected by gedogists working
in the area (Knights 1956, p. 1029). The chaotic zones have
been reinterpreted as deposits from superficial mudflows
(Marchant and Black 1959) and large scale movement uf coherent
sediment denled. The baslis of the reinterpretation is the
sedimentary contzct between the chaotlic zone and the overlying
sediments, which are of a turbidite facies. Barrington Brown
(1959), in a discussion of these results, makes re¢ 3:rence to a
Newfcundland occurrence, presumably the Cow Head breccias, which
he interprets as "chaotic zone produced during intraformational
sliding". This interpretation is not tenable in view of the
results obtained by Kindle and Whittington (1958).

Even though this mechanism has been rejected in its "type
localities", 1t would seem to offer the best explanation of the
mode of origin of the Humber Arm chaotic zones. After the
whole Humber Arm sequence had been deposited it became unstable
with respect to gravity and certalin incompetent horizons yielded
by flowage. These "mudflows" carried with them, also under the
influence of gravity, the maln i of the Humber Arm sequence.
This type of movement can be >nsidered as a special type of
argllle scagliose, during which the '"cover" remains essentially
coherent and does not break up into discreet masses.

The main zone of movement would be between the main carbonate
sequence and the Humber Arm series. Since the upper part of the
series, containing the Bay of Islands Igneous Complex, would

have considerable momentum, the western zones of chaotic de-



- 115 -

formation could represent the last differential movements within
the pile of sediments before it finally came to rest. Because

of this differential movement, some lower parts of the pile may
have overrun higher parts, repeating stratigraphic units. The
Rattler Block may now be interpreted as an erosional and tectonic
window, through which a higher part of the sequence, overrun by
a lower part, may be seen. It is possible that the volcanic

rock at Long Point and the associated chaotic zone beneath,
represent a lower tectonic level overrun by the slice containing
the Summerside formation in that localitye.

Essentially, then, the Humber Arm series in the Humber Arm
area can be interpreted as a klippe lying on top of the main
carbonate sequence. Within the klippe differential movement,
at least at three levels has produced internal chaotic zones.

The bulk of the series has been overrun itself by the Bay of
Islands Igneous Complex and some associated sediments. This

later zone of movement is marked by the Woods Island - Frenchmant's
Head chaotic zone and the zone of mixed structure. It is not
known how extensive the lower slice, exposed in the core of the
Rattler anticline, is.

The actual mechanism of movement can only be surmised.
Hubbert and Rubey (1959) have shown that, theoretically at least,
hydrostatic pore-water pressure can reduce the shearing strength
of sedimcnts to a value approaching zero, and used this concept
in explaining larg: overthrusts. Compaction was considered to
be a main cause of increasing pore pressure. Laubscher (1961)
suggests that pore pressure may be increased by gaseous material

produced by bacterial action on hydrocarbonse.
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Hydrocarbons are found in the Humber Arm rocks. Dott (1963,
p. 115) and Kamon-Kaye (1956), note that failure in sediments and
subsequent flowage may be induced by rapid loading by extrusive
igneous rocks, Pore pressure could be increased by any forces
uplifting a pile of sediment as well as by the emergence of the
top of the pile above water level. If such a zone of high pore
pressure developed within a rock sequence and was of regional
extsnt, flowage could be envisaged if the sequence were unstable
with respsct to gravity. Since friction is low in such zones,
little hzat could be developed during movement. Recrystalliz-
ation would be minimized. Less porous and more competent beds
would yield by fracture. Rounding of blocks could be produced
by the liquefaction of poorly cemented porous arenaceous beds;
or in the case of carbonates by solution induced by the high
hydrostatic pressure. Figure 55 shows the breakup and rounding
of a silty dolomitic bed just south of Black Brook. Any crushing
of fragments and recrystallization could be attributed to the
effect of the latter part of the movement when pore pressure was
decreasing and friction increasinge

A major difficulty in accepting this theory of deformation
is the presence of very tightly folded competent beds, usually
of whole or partial carbonate composition, within the chaotic
zones, It is, however, well known that under conditions of
high water pressure, the elastic limit of rocks is lowered and
the plasticity is increased, Furthermore, under high ambient
pressures, rocks cam withstand greater loads without rupturing

and plasticity is increased (Beloussov 1962, ch. 18). Since
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4. The root zone of the klione.

Some difficulty is encountered in locating the original
site of deposition of the Humber Arm series. Since the main
carbonate sequence extends around the northern end of the Long
Range and is found as small patches to the east of the Long
Range, it can be assumed to have originally covered the o»resent
site of the Long Range. The Humber Arm rocks could not have
been deposited there andj?f?g'off during its uplift (Rodgers
and Neale 1963). A source to the west is not likely since
locally, in the Appalachians to the south and in Labrador,
rocks equivalent to the main carbonate sequence rest directly
on the shield. Also, according to paleomagnetic investigations
(Black 1964) the Gulf of St. Lawrence was not significantly
ovoened during Cambrian and Ordovician times. Subsidence which
may have accompanied the initial opening of the Gulf, could
have »>rovided a trough in which the klippe finally came to rest.

A source tc the north or south is possible but not likely,
since the "grain'" of West Newfoundland is pre:dominantly north-
southe.

Any speculation concerning an eastern source of the klippe
is comnlicatzd by the possibility that ccnsiderable transcurrent
movement has taken place along the Cabot fault (Wilson 1962),
or an equivalent of it. An eastern source must, however, be
considered most »nrobable even though no rocks of the same facies
or of undoubted Cambrian age are known from the Central

Newfoundland terraine.
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The facies of the Humber Arm series suggests that it
represents a sequence of rocks transitional between the miogeo-
synclinal main carbonate seguence and the eugeosynclinal rocks
of central Newfoundland. It can be further speculated that the
Humber Arm series was depesited to the east of the Long Range
on the flank of a gently oscillating basement block that
completed one oscillation between Lower Cambrian and Mid-
Ordovician times. The initial subsidence of the block was
possibly accompanied by volcanism and followed by the rapid
deposition of deltaic rocks on a paleoslope which dipped to
the west. Towards the end of Lower Cambrian times the supply
of arenaceous material to the basin was halted, possibly because
of the drowning of the crustal block. The slow carbonate-shale
deposition probably lasted until Lower Ordovician times when
the crustal block was re-activated and a new delta built out
westwards into the basin of the deposition. The uplift of the
block was accompanied by volcanic and intrusive activity which
resulted in the formation of the Bay of Islands Igneous Complex.
It is probable that the final uplift of the block was accompanied
by a subsidence of the Long Range block on which the main
carbonate sequence was being deposited and that these move-
ments, together with the load of igneous rocks, provided much of

the gravity potential necessary for the emplacement of the klippe.

5. Age of emplacement and deformation of the klippe.

suggest
Rodgers and Neale (1963, p. 727) speeutate that the Long

Point formation on the Port au Port Peninsula, which is late Mid-
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facies and the origin of the chaotically deformed zones are re-
lated and best explalned by the emplacement of the Humber Arm
series as a klippe during Taconic times. After emplacement, the
klippe was deformed about a north-south axis and cut by later

high-angle faults.






























































































































