








ABSTRACT

The regional setting for this thesis is in the central part
of West Newfoundland.

The examination is concerned with an area of approximately
250 sguare miles more or less lying between North Mountain, in the Bay
of Islands, inclusive of the southern part of the mountain, and the
Humber River west of Limestone Station. A small area located south of
the river is also included,

The bedrock of the area consists primarily of clastic and
carbonate sediments ranging in age from Cambrian to Upper Ordovician
which lie with unconformity upon earlier, more or less metamorphosed,
Cambrian or Precambrian argillaceous and arenaceous rocks.

The younger clastic rocks, which may have upper members of
Silurian age, are in part overlain by and, to a lesser extent,
intercalated with still younger volcanic rocks. Both the volcanic
rocks and upper members of the clastic rocks have been intruded by
large masses of ultrabasic and basic rocks and lesser bodies of granite,

The clastic rocks are largely deltaic in character and
consequently poorly fossiliferous. Mreover, the carbonate rocks
have been largely recrystallized and well preserved fossils, suitable
for identificatic-; are few, Age determinations were, therefore, made
by lithological correlations with adjacent areas where fossils have
been better preserved. Large, easily recognized, exposures of the
St.George group of ILower Ordovician age,; which are abundantly
fossiliferous to the south of the thesis area, provided the chief

markers for these correlations.



Evidence for an early phase of orogeny occurs in the upper
beds of the main sequence oif Ordovician carbonate sediments. The
widespread occurrence of the younger clastic sediments and subsequent
volcanic activity indicate that orogeny comprised a number of phases
which took place over a rather prolonged period of time.

A further orogenic phase is evidenced by the deformation of
the younger clastic sequence and widespread metamorphism.

A thrust of more than 6 miles is noted, and evidence for it
is submitted on the basis of the superposition of pre-St.George rocks
over Lower to Middle Ordeovician rocks and their relationships to the
nearest possible source facies.

The occurrence of galena and sphalerite-bearing horizons in
the carbonate rocks, and their possible origin, is briefly discussed.

Generalized references are made to additional work outside

the area in as much as it is necessary to show the overall relationship

to the environment., A brief outline of some of the problems encountered

in determining the relationships of the basal metamorphic rocks to the

main carbonate sequences is also provided.
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CHAPTER I
INTRODUCT ION

Iocation and size of the area studied

The regional setting for this thesis is in the central part
of West Newfoundland,.

The accompanying geological map (Plate I) covers an area cf
approximately 250 sguare miles more or less lying between North Arm in
the Bay of Islands, inclusive of the southern part of North Mountain,
and the Humber River west of Limestone Station. A small area located
south of the river is also included.

Smaller areas were studied in less detail near Lomond Village
in Bonne Bay and neer Port au Port, north of St.Georges Bay. Still
other areas were studied with a view to correlation with strata ccntaining
better preserved fossils than those found in the thesis areas

A location map (Plate II) showing both the regional setting
and many of the mein features is included.

Previous Work

The writer was able to rely upon the comprehensive study of
the stratigraphy of West Newfoundland which was carried out by Schuchert
and Dunbar (1984). This study has provided the basis for correlation
used by many subsequent stratigraphers, and is also used as a basis
for the correlation of stratigraphic units in this thesis.

The stratigraphy in West Newfoundland, as described by
Schuchert and Dunbar = with the cexception of the Silurian, Devonian and
Carboniferous strata which were also included in their work =~ is

indicated in the following table:
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Table I
After Schuchert and Dunbar (1934)

Thickness in feet

Upper Middle and Upper Ordovician
Humber Arm series, clastic rocks, some limesione and

volecanic rockse. 5000+
lower Middle Crdovici o Upper Middle Crdgovician
Iable Head series Cow Head Breccia and lLong Point series 2910

= ghort hiatus.

Iower Ordovician
tGeorse geries thick sequence oI dolomites and 2080+
limestones.

Lowest Ordovician
Green Point series (considered a facies of the Table Ilead 1700+
group by the present writer).

Upper Cambrian

March Point series 1long hiatus = no !3ddle Cambrian 1180

Lower Combrian
Labrador series 2600+

The area was studied for the first time by Weitz in 1946 and
1947 for his PheD. thesis (unpublished). His examinztion, although
placing much emphasis on faulting, largely baced on the study of lineaments
on aerial photographs of the areca, was primarily concerned with the clastic
rocks of the lumhcr Arm group* and no attempt was made in his report to
describe the carbonate secuence in detail.

A brief examination of the region by the Geological Survey of
Canada in 1924& added 1little to the knowledge of the area west of the
eastern cnd of Q1d Man'!s Pond. lHowever, much of the area east of C1ld

Men's Pond, which was considercd to be Precambrian by Weitz, is now

e
™

The term Ygroupt! is used in thisg thesis ratner than tseries!, However,
where reference is made to the work of Schuchert and Dunbar (1934) the
term ¥series! is retained,



considered to be of Lower Cambrian age by the Geologicel Survey of
Canadae.

Physiography

Relief

The thesils area may be defined as part of a dissected and
slecially modified plateau whose stream valleys show two well dcveloped
levels; the upper onc dissecting thce plateau surface between 800 and 1100
feet, the lower one rising from sea level to approximately 400 feet before
ascending in a step=like manncr to Join the plateau.

Cn the plateau, the stream valleys vary in lype from steep=
sided (or youthful) to semi-mature. Ilowever, the descent from the
plateav to the lover stream valleys is marked by waterfalls and deeply
cut trenches. The surface, hetween the valleys, is irregular and marked by
rounded to almost [lat-topped hills and ridges trending parallel to the
regional strike of the bedrock. The form of many lakes reflects both
structural contlrol and glacial modificatione.

Regionally, the plateau is bounded by higher features: tie
nountains ol the Bay of Islands Igneous Complex and the long Range, both
of which are lopped by peneplains ard exceed 2000 feet in elevation.

Bast of the thesis area are scattered bhills exceeding 1500 feet in
elevation,.

The chief sea arms ol the Bay of Islands, lNorth Arm, Penguin
army, Goose Arm and Humber Arm, are dominani, deeply indented, structurally
controlled and glacially modified fiord-like features. Frenchman'!s Pond
and 0ld !an's Pond are in many ways of the same erosional type and lie in
deep trenches which reflecct somewhat similar control. Doth ponds are

less than 400 feet above sea level and recputed to be very deep. Penguin
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Arm Brook and Goose Arm Brook occupy the structural and erosional extensions
of the fiord-likes arms.

The nature of the underlying bedrock is expressed to a large
extent by the topography. Areas underlain by metamorphosed clastic
rocks and carbonate sedimentary rocks have sharp relief with steep hills
or cliffs, usually facing northwest and following the strikc of the
bedrock. DNearly vertical dip-slopes are found along the southeast shore
of Goose Arm and less steep dip=-slopes overlook the southeast shore of
Penguin Arm, east of the Penguin Eills., Southeast-=facing slopes in the
Penguin Arm and Goose Arm area are more gentle and, in a maunner similar
tc those facing northwest, reflect the dip of the underlying strata.

Ridges in both the Penguin Cove and Goose Arm localities,
where cut by valleys extending northwest and southeast across the
regional strike of the becrock, have well exposed sections on steep
cliffs, in some places over 400 feet in height,

Areas underlain by shales and other rocks less competent and
resistant to erosion than the carbonate and metamorphosed clastic
sediments attain somewhat similar elevations, but have more gently
rounded hills and lower cliffs toward the sea. In these areas the
sharper relief is usually found to be an expression of underlying sand-
stone or quartzite rather than shale. Such erosional effects are found
northwest of Penguin Arm where, with the exception of the sea cliffs,
the country is relatively gently rolling compared to that south of the
Arm, where more competent carbonate rocks uncerlie the area,

Most ol the fiord-like sea arms of the region have developed

along the contact of rocks of differing competence. The following 1list
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emphasizes this relationship and it is worthwhile to compare, and contrast,
the rocks on both sides of thesec features. The first two sea arms are
north of the thesis arca.

East Arm of Bonne Bay

North shore, composed of metaclastic rocks (phyllites,
quartzites) and some carbonate rocks.

South shore, mainly limestones and dolomites,

South Arm of Bonne Bay

Zast shore, shales and lesser sandstones with a few thin
volcanic horizons,

West shore, shales and sandstones, partly intercalated with
pillowed basalts, all in part metamorphosed and in contact with
ultrabasic and basic intrusive rockse.

Penguin Arm

North shore, shales and sandstones, some limestones and
limestone breccias,

South shore, mainly limestones and dolonites.
Goose Arm

Shows a somewhat different pattern as it has been eroded
through the trough rocks of a syncline which consist of relatively
incompetent limestones. The synclinal limt exposures forming the north

and south shores, however, consist of rather competent dolomite.

Surface Drainage

With the exception of the Humber, no large rivers are found
in the area. Generally, the streams are small and together with lakes
occupy sheared or faulted zones whicn have been less resistant to
erosion and glacial modification.

The upper courses of mary streams meander through marshes
occurring between the ridges and hills of the plateau surface. Stream

courses leaving the plateau are often deeply trenched and have numerous
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waterfalls, The lower courses typically join to form broader courses
which meander at irregular intervals through stream deposits consisting
of silt, sand, shale fragments and large pebbles, derived locally, and
in some places boulders of granite gneiss and granite derived from the
Long Range compleX.

Mst of the streams, where deeply incised into the plateau,
follow the regional strike. A notable exception is the Humber River
which has cut a deep gorge of superimposed form across the strike of the
metamorphosed rocks of the Long Range and the carbonate rocks of the
plateau.

Underground drainage

Many of the lakes that underlie the carbonate rocks have no
visible outlets and are apparently drained by subsurface streams, Near
Goose Arm, many of the smaller streams have intermittent surface and
subsurface courses. An excellent example of this type of drainage is
found in the village of Goose Arm near the Narrows, where a small stream
emerges from an outlet in limestone. The nearest source of this stream
is found approximately 0.5 miles to the northwest.

Pleistocene geology

Glacial erratics are conspicuous on the higher and more barren
hill tops in the eastern part of the area. However, though less
noticeable, they are equally common on hill sides and hill tops which are
covered by thick vegetation., Most of the larger erratics have been

derived from the metamorphic and igneous complex of the Long Range.
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The remnants of raised late Pleistocene deltas are found at
the mouth of most of the larger streams and form two terrace levels of
approximately 40 and 135 feet above sea level. Wave-cut benches of
similar altitudes occur along the shores of the fiords. The two levels
indicate that the elevation of the coast (or lowering of the sea) took
place in two episodes. It is noteworthy that many of the villages of
the region are built either upon the wave=-cut benches or upon the

delta terraces.
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CHAPTER 2
STRAT IGRAPHY

General Statement

The bedrock of the thesis area consists of more than 12,000
stratigraphic feet of clastic and carbonate sedimentary rocks which are
partly overlain by, and to a lesser extent intercalated with, a further
700 to 1100 feet of volcanic rocks. The clastic rocks which are largely
of deltaic character, are practically unfossiliferous. Moreover, the
carbonate rocks are mostly recrystallized and, though abundantly
lfossiliferous in some localities, contain few fossils sufficiently well
preserved for accuratc identification and, consequently, age determination,

Of the carbonate rocks, two mejor stratigraphic units were
recognized and correlated with units distinguished by previous writers.
The lower of these are correlated with the St.George group, of Lower
Ordovician age, which is abundantly fossiliferous where it outcrops near
Port au Port, approximetely 60 miles southwest of the thesis area. The
upper of these units was correlated with the Table Head group, also in
the Port au Port area, however the stratigraphic limits were not as well
identified in the thesis area as those of the St.George groupe.

Below the St.George group two other sequences, composed
predominantly of carbonate rocks, have been distinguished which could
not be correlated with units identified by previous workers with the same
degree of certainty as the St.George and Table Head groups. Cne of these
is an 800 feet thick sequence of shaly limestone with well defined upper

and lower limits which is tentatively allocated to the Upper Cambrian age.™

3

* Tt is well worth noting that near Port auv Port, there are Upper Cambrian
stratigraphic units of greatly differing character and composition, and that
these have been subdivided by Walthier (1949), but only because sbundant
fossils suitable for age determination were found in both. These divisions
(the March Point and Petit Jardin formations) could not be correlated with

any of the pre-St. George rocks of the thesis area,
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The other seguence, composed of rocks marked by slumping, at Penguin Cove
in Goose Arm, has been tentatively correlated with the upper part of the
Labrador group, 6f Tlower Cambrian age, where it outcrops on the shore of
the Bast Arm of Bonne Bay. In both the Penguin Cove and East Arm
localities this unit consists of thin to thickly bedded limestones and
dolomites and also of lenticular quartzite beds and arenaceous shales.

0f the clastic rocks of the area, one sequence of great thickness
lies with marked unconformity upon the Table Head group and this has been
corrclated with the Jumber Arm series as defined by Schuchert and Dunbar
(1934). Most of the Humber Arm group is of Middle to Upper Ordovician
age but some of its uppermost strata may well be of Silurian age.

A second major clastic rock unit outcrops along the eastern
border of the thesis area and is composed chiefly of arkosic breccias,
sandstones, greywackes and shales which have undergone metamorphism of
varying degreese. The degree of metamorphism has led Weitz and others to
conclude that these rocks are of Precambrian age. However, they form
part of a metamorphic belt which extends from a few miles south of Bonne
Bay Big Pond to the southern end of the long Range where it overlooks
Cape Ray. This whole bell has traditionally been considered of Precambrian
age, a conception based almost entirely on its resemblance to areas
containing Laurentian gneisses in the Canadian Shield., Phair (1948)
proved by a critical examination of the area north of Cape Ray that its
intrusions of peridotite, gabbro and granite were all of Devonian age.
Both the peridotites and gabbros have been metamorphosed, which shows
that at least the southern part of the belt was metamorphosed during
Devonian time. The granite,which is younger than the peridotites and
gabbros, shows little of the effects of metamorphism, and this granite,

or its equivalents, have been traced by the present writer as far north as
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the southern end of Grand Lake., Smaller bodies of granite, possibly ol
the same age, were also observed along the west shore of this lake and to
within 12 miles of the thesis area.
The concept of these granitic rocks being rclatively young
intrusives, and a possible cause of meteamorphism in the area, is supported
by the fact that in the Corner Brook area, not only are the arkosic breccias,
sandstones and greywackes around Mount Musgrave, out also Ordovician carbonate
rocks and possibly even rocks as young as the Humber Arm group, metamorphosed
to similar degrees although the grade of metamorphism decreasec from ecast to
west, Considering this somewhat new concept, it had to bc suspected that
rocks of Cambrian age would lie within the metamorphic helt which, because of
the prevailing westerly dip in the whole area, would occur to the east of the
Ordovician carbonate rocks, These rocks are similar in many respects to those
of the Labrador group near Bonne Bay, of proven Cambrian ags, as is shown in
Table II. It would, however, be premature to take this correlation for
granted as the total thickness of the Labrador group (approximately 2000 feet)
could only account for the total thickness of tlie metamorphic belt under the
most fortuitous of structural conditions,.
Table IT
Provisional correlation between the metamorphic seguences in tihe

eastern part of the thesis area anc the Labrador grcup in Bonne
Bay and elsewhere,

Thesis area Bonne Bay
(Partly rfrom Schuchert and Dunbar)
Upper member Forteau formation
Calcareous shales, arenaceous shales, Jolitic limestone, with button
juartzites, phyllites at base? algae, sandy limestone, some
guartzite, dark shales, phyllitic
at base,
lower member B orc I tion
Arkosic breccias, coarse arkosic Reddish arkose and sandstone,small
sandstones, some greywackecs, and pebble conglomerate, coarsest at
fine-grained quartzites (all metamor- base.

phosed to some extent).
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Summarizing, the prc-St. George rocks may be said to occur as
tliree different segquences, represented as follows:
(1) 4 thinly bedded shaly limestone seauence.

(2) A highly slumped, interbedded delomite~limecstone, quartzite-
arenaceolls shale sequence,

(3) An arkosic breccia, greywscke, sandstone, shale sequence.

MNlew formational names introduced in this thesis

The name Bglagctant Head formatigp is proposed for the thinly
bedded shaly limestone seGuence as it outcrops for almost its entire
thickness on tie north face of Reluctant Hzad, on the sorth shore of CGld
Mants Pond,

The name Penguin Cove formation is proposed for the highly slumped
sequence which is well exposed where it underlies tne St.Georgc group at
Penguin Cove in Goose Arm.

The name Mopni Muscrave formatiop is proposed, in agreement with
JeM. McKillop, for the arkosic breccias-phyllite seguence whiclh is well
exposed on the west flank of this mountain. The type locality for the
formation is, however, bLetween the west shore of ilughes lake and the main
seiuence ol carbonate rock exposures to the west,

The name [ushes Brook formation is proposed for the lower dolomite
cdivision of the St.George group. This formetion is particularly well
exposed along the north wall of the Humber Corge ancd along the sast side of
Ihughes Z2rook. In the fhumber Gorge it is approximstely 2500 feet thick and
consists almost entirely of thick bedded to massive bufl=grey dolomite.

The namc Corner Drook formation is proposed for z 1600 feet
thickness of alternating limestone and dolomite sequences which extond with

little variation along strike for nearly 20 miles. The uppermost pert of
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this formation consists of closely spaceda dolomite beds which have
proven useful as persigstent marker horizemn. These heds are to be
called the "upper dolomite member of the Cornzr Broock formation,"

Both these subdivisions of {the St.George group were named
also in conjunction with J.M. McKillop who hss mapped these Iormations
in zreat detsil in the area of the Horth Star Cerment Companyls gquarry,

near Corner Brook (McKillop 1961).
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CHAPTER 3
MAINLY CILASTIC ROCKS

Pre-St. George rocks and others of unknown age ouvtcropping
mainly east of the St.George and Table Head groups.

¥or the most part these rocks dip to the west so that the oldest
beds are cxposed to the ecast. However, on their southeast flank occur Cambrian,
Ordovician, and, with marked unconformity, Carboniflerous rocks. The more
arenaceous and generally more metamorphosed ol the pre-=St.George formations
form high, partly barren ridges which extend from a little north of Deer
Lake to within a few miles of Bomne Bay Eig Pond. The lMount Musgrave
formation lies roughly between these ridges, which in the type locality
partly encompass the eastern side of Hughes Lake, and the main sequence of
carbonate rocks, inclusive of the St.George and Table Head groups, to the
westa

The Mount Musgrave formation

This formation may be divided into two members: a lower chiefly
arenaceous one and an upper containing some arenaceous rock but consisting
mainly of shale or phyllite,

The_areraceous member
Mainly arkosic_sandstones, arkosic breccias* with some creywackes and shales.

The basal beds of this member are highly metamornhosed in the
eastern part of the thesis area and appear to grade into the thick sequence
of gneisses which form part of the metamorphic complex of the long Range.

The arkosic breccias usually form discontinuous lenticular beds
which are frequently interbedded with finer grained arkosic sandstones,

The two types are easily distinguished, the finer being separated from the
coarser by thin silty partings. The arkosic breccias generally weether

light grey, but where well washed, as in the bed of a stream, have a faint

* The term Tarkosic breccial! is used herein to define arkosic rocks which are
composed of angular grains of quartz and feldspar ranging in size between
coarse sand and small pebble conglomerate as defined by the Wentworth scales
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pink colour. Weathering surfaces are usually pitted = a feature
apparently caused by the weathering out of feldspar and lesser malic
minerals. The most marked feature of the arkosic breccias is an
abundance of lath=-shaped feldspar fragments up to 20 mm. in length.

In some places the breccias give the impression of having been dumped
into or onto the finer arkosic sandstones. From place to place the silty
partings between the fine and coarse bheds display drying cracks. However,
the arecal extent of the drying cracks is in doubt as, for the most part,
only in a few places is it possible to see well preserved bedding
surfaces, If the drying cracks are indicative of drying in the sun, it
is reasonable to assume that either repeated emergence and submergence
took place at intervals during the deposition of thesce rocks or that they
comprised part of a flood plain or somewhat similar feature,

A high proportion of the sedimentary rocks of the Mount
Musgrave formation is composed of medium to thick=bedded arkosic
sandstone. Invariably these rocks contain numerous veins, patches and
clots of quartz. In one locality, a quartz vein, two feet thick, lies
along the bedding plane and has been observed to follow it for over 400
faet.

Generally, these sandstones weather pale grey to pale yellow
but are stained by brownish red iron oxide from place to place, Where
somewhat sheared they tend to glisten slightly because of the development
of sericite on the shear or cleavage planes. For the most part, however,
these rocks weather in a manner similar to the arkosic breccias, display
the same form of pitted surface, tut are more evenly weathered.

Microscopically, both arkosic breccias and sandstones are seen
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to contain angilar to subrounded guartz grains and subhedral to euhedral
feladspar fragments. The arkosic breccias, however, tend to have

a higher ratio of feldspar to quartz than the arkosic sandstones and
also a higher proportion of groundmasse.

The groundmass of the breccias is usually sericitic but
frequently contains a high proportion of very fine quartz grains, grading
down to silt size, which are often fused together, except where inter-
spaced with fine sericite stringers. In addition to finely granular
guartz and sericite, there arc often small flecks of detrital biotite
and/or chlorite and a few heavy mineral grains.

Characteristically, the larger feldspar fragments are
microcline, Plagioclase fragments, which usually comprise a lesser
proportion of the rock, are smaller in size and of the albite-oligoclase
range in composition,

The coarse arkosic sandstones are gcnerally similar in
composition to the arkosic breccias but the proportion of feldspar is
lower and seldom excescs 15 per cent of the rock. As in the coarser
breccias, microcline is the dominant feldspar. Plagioclase in the
albite=oligoclase range comprises about 30 per cent of the total feldspar
component. The groundmass contains more sericite and less very fine
quartz grains than the arkosic breccias,

Gneissic rocks of the eastern portion of the area near Hughes Lake,

Quartz-feldspar-mica gneisses, believed to be the metamorphic
eguivalents of the arkosic sandstones, outcrop near Hughes Lake just
east of the map area. (n casual inspection these rocks have the
appearance of a granite gneiss and in one or two places are associated

with gneisses which have intrusive~like features. Ilowever, most of the



quartz=reldspar-mica gneisses were either derived from arkosic breccias
or arkosic sandstones,

It is noteworthy that these rccks appear to be richer in
feldspar than the arkosic breccias or arkosic sazndstones. Mcroscopically,
the feldspars seem to impinge upon the guartz grains in a manner
suggesting their growth at the expense of the quartz grains., On the
other hand, the guartz grains have sutured edges as if the quartz had
become mobilized and partly flowed around the euhedral feldspar lathse.

Greywacke and subgreywacke.

In addition to the arkosic breccias and coarse arkosic
sandstones, there are a number of horizons containing subgreywacke-
pebble=conglomerates which typically contain a higher proportion of
groundmass and a greater variety of detrital mineralse.

These rocks have a sericitic groundmass of nearly 50 per cent
in which are guartz and perthite grains up to & mm, in diameter as well
as flakes of biotite and lesser amounts of chlorite. The heavy minerals
tourmaline, zircon and spinel are also common, A higher proportion of
plagioclase is present than in either the arkosic sandstones or breccias.

The argillaceous member
Mainly arenaceous shales, silt grade quartzites and some mudstones,

Stratigraphically above,and for the most part,westward of
the arenaceous member is a thick sequence of mainly argillaceous rocks.
These include arenaceous shales with quartz grains approaching silt
grade, some mudstones and, toward the top of the sequence, shales and
thinly interbedded fine-grained quartzite.

Because of the lack of outcrop in the contact zcne between the
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however repetition of beds due to tight folding or fauvlt=slicing may have
taken place, for the upper and lower parts of the sequence are very similar.
Where Hughes Brook leaves Dam Pond, also through a deep trench,
there is a sequence of calcareous, sometimes ncdular, shales and
phyllites which stratigraphically upwards become interbedded with
calcareous nudstones. This sequence may mark either the top of the lbunt
Musgrave formation or the bottom of the Reluctant Head formation. Above
the mudstcones are bluish-grey calcareous shales with intercalary limestone-
cobble-couglomerates composed of well rcunded, dark grey, homogeneous
limestone cobbles up to 1 foot in diameter. The cobble beds are lenticular
in shape and vary hetween 1.5 feet and 15 feet in thickness. In the Dam
Pond locality the total interbedded conglomerate and shale sequence is
aprroximately 50 feet thick, Above the conglomeratic horizons are
phyllites which contain scattered lenses of angular breccia and these are
in turn overlain by grey nodular calcareous shale containing numerous
pods and lenses of blue-grey limestone which is commonly marked bty
slumping., The uppermost beds of the section are covered by overburden
but farther downstream are scattered outcrops cf calcareous shales and
phyllites.
From place to place along the strike of tlie contacht zone
between the arenaceous 2nd argillaccous membe. s of the Mount Musgrave
Iformation are thin scattered lenses of intertedded shales and silti-grade
gquartzites rather different from those usually found near, or at, the
contact zone, which may be useful as a marker rorizon for Iuture work.
Microscopically, the quartzites are seen to be composed chiefly of

equigranular, well sorted juartz grains which are fused together to form
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a well indurated fetric. Mucn of tne shale has been metamorpicsed to
tne phyliite grade but contains fine leminae which: are seen to consist
of fine zircons witn some sphene and scattered garnets. A smell amount
of feldspar is present in tie quartzgites but does not excezd 2 or 3

per cent.

In addition to tnie main mass of the rMount Mosgrave formation,
shales belonging to this formation are found in a deep valley which has
eroded tnrough the crestal rocks ol the Window Pend Anticline, and here
underlie tre thiin westerly {ilank of the Reluctant Head formation whicn,
together with the shales, form part of tre core rocks. Towarc the axis
of the anticlins, the sneles and phyllite equivalents are both sheared
znd have developed axial plane cleavage winich has tended to obtliterate
many of their primary sedimentary features. In general, however, these
sediments strongly resemble those found toward the top of the argillaceous
nemoer, JIn addition to the shales, cr phyllite equivalents, are less
metamorphosed nodular calcareous shales, elsc similar to those found
below the limestone-coblble=~conglomerates in the Dam Pond locality. No
rocks resembling the limestone-cokble-conglomerates were observed in tne
Window Pond area.

Trre Reluctant Head {ormation.

The shaly limestones oi this formation reach maximum thickness
in an almost 20 mile long zone between 0ld Man's Pond and tae Fumber
Gorges In tne area of the narrows of 0ld Man's Pond the formation is
500 feet tnick and along the north wall of the Humber Gorge the thickness
was estimated to be between 800 and 1,000 feet; localities in between

show almost equal thicknesses., Locally, nowever, the shzly limestones of
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tois formation have been reduced in toicikness to as 1little as 100 or 200
{fect where Laving been suvjected to squeezing out by folding and/or
iaulting. An excellent example of suct thinning out mey be seen in the
cen=ral locality of the Humber Corge wnere, on the south side or the
corge, it is only 200 to 300 feet as compared to over 800 feet on the
north wall,

Westwards of its zone of maximum thickness the formation
rapidly becomes thinner. Within 3 or 4 miles to the west, the thickness
diminishes to about 300 feet; in the core ol the Window Pond Anticline,
& few miles farther west, the formation does not exceed 50 or 60 feet in
traickness. N¢ shaly limestones, similar to those of this formation, were
recognized in Goose Arm.

Veriations in tre shaly limestones.

The proportion of non-carbonate materisl varies both vertically
and horizontally within the formation, and the terms snsly, or argillaceous,
limestone are often misleading for in some localities the "shaly" limestones
are notakly nigh in CaCO3. 4ssays ol four bulk samples from one locality,
north of the Eend in Hughes Brook, averaged less than 3,70 per cent SiOp
end less than 1,0 per cent A1203° Another group of samples, again from
his locality, averaged over 95 per cent CaCO3. However, the name is
somewhat valid as, in some other localities, combined 3i0p and Al,03
exceed 10 per cent. Tne name was originally used to describe those thin
bedded limestones of tle area which have clayey partings, usually less thnan
1 mm. in thickness., Schuchert and Dunbar (1934) also used this term in

describing the southward extension of these beds where they outcrop on tne
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north shore of the Humber KRiver,

The Reluctant Head formation at Reluctant Head.

The most complete section of the shaly (argillaceous) limestcnes
of this fcermation is exposed on Reluctant liead whicn is located on the
south shore of €ld Man's Pond, approximately 1.5 miles west of the narrows,

The lower 250 stratigraphic feet of this section consist almost
entirely of slightly phyllitic, thinly interbedded brown shaly limestones
and almost pure grey limestones. The argillaceous beds tend to die out
towards the top of this 250 feet thickness in such a manner that tne grey
limestone beds become separated only by zlmost paper-thin clayey partings.

A distinctive feature of this basal part is a breccia,
approximately 40 feet thick, which is ccmposed of lens=-shaped limestone
fregments averaging between 3 and 4 inches in diameter and cemented by
a sericitic silt-=clay matrix. This breccia zone shows little similarity
to the "cobble" conglomerates of the Dam Pond locality, or to the slump
breccias of the cliffs found east oi the Bend in Hughes Brook. However,
it is possible that the breccia zones found near the vase of the Reluctant
Head formation are related to the relief of the basin in which the
formation was deposited. The great variation in the thickness of the
formation may well represent the filling in of an irregularly eroded basin
in which, along the flanks of numerous submerged hills or ridges, slumping
and associated brecciation occurred from place to place and provided several
"breccia forms,"

Above the basal part of the section are approximately 50 feet of
irregularly bedded, reddish weathering, nodular shaly limestones. The nodular
form is apparently caused by the irregular thickening and thinning of

greyish weathering limestone beds varying between 5 mm and 20 mm in thickness.
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Tle resulting depressions in these limestones are filled with reddisn-
brown calcareous clayey material. (Microscopically, tne trown clayey
mzterial is seen to consist of sericitic clay with thin, silty, laminae).
Above this 50 feet thick seauence tne bedding surfaces become more cven,
with individual beds averaging between 1 and 2 inches in thickness and the
rocks somewhat lighter in colour.

The uppermost 260 feet of the formation are again lighter in
colour than those below and, for thne most part, are thicker bedded with
beds up to 6 inches thick. At the top are dark brownish weathering,
thinly laminated, dolomitic limestones. Overlying the tninly laminated
dolomitic limestones are approximately 200 feet of dolomites, belonging
to the St.George groupe.

The Reluctant head formation east of the Bend in Hughes Brock.

One of the better exposures of the Reluctant llead formation
outcrops on the north side of Hughes Brook 1 mile east of the Bend, where
a 250 feet thick section, containing the upper and possibly large fragments
of the lower beds is exposed on a slightly overhanging cliff face.

The section comrences stratigraphically upwards witc a sequence
of highly contorted, brown and grey weathering, thinly bedded dolomitic
limestones and more or less pwe limestones forming beds averaging between
5 and 7 mm, in thickness. 1In the lowermost beds are man-size slumped blocks
ol brownish weathering dolomite which apparently moved or slid into the
thin bedded limestones or dolomites prior to their consolidation. Evidence
of slumping is found for about 75 feet above the bottom of the seguence.
feds in the lower 200 feet of this exposure are consistently between 5 and
10 mm, in thickness, but toward the top the beds become thicker and contain

poorly defined oolites which, in gencral, zre somewhat flattened out. The
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oolitic beds are overlain in turn by the dolomites of the St.George

£roup.

Relatjonships between tne Reluctant Ilead formstion and the upper
- = ¥ L M o 31

The nature of the contact betweecn these two formations is not
fully understood. Wherever the contact zone is exposed, the two formations
ere separated by highly contorted shales or shaly limestones which at the
point of contact are crushed or shattered. Whether this type of contact zone
represents a relatively slight disharmonious movement between beds due to
folding, or marks s "zone of rubble" whnich extends beneath a thrust sheet,
is unknownhe he wWwriter rether leans toward the idea that this zone marks the
base of a westward slide of both the Reluctant head formation and its burden
of overlying strata. Moreover, as will be shown later in more detail,
mach of this "sliding" took place before intense deformation had occurred,
an aspect oif the structure which is based upon the fact that irrespective
of the degree of deformation, whether by folding or faulting, the overall
attitudes of the strata above and below tne contact or deformed zone are
roughly tne same., Much of the coniused aspect of the contact zone may be
attributed to faulting whicn occurred later tlian the "sliding" and folding.
These feults truncate both the earlier types of delormation. Furthermore,
it is most likely that the more pronounced faults which occurred on, or
close to, the contact zone between the Mount Musgrave and Reluctant Head
formations, zre as late as Carbonifercus in age, as are those which partly
separate the Carboniferous rocks oi the Codroy Valley from the Southern long
Range complex (Phair 1948).

Typical contact zones were otserved at Wild Cove Pond, and north
o, tne Pend in Hughes Brook. At Wild Cove Pond the snales whick mark the top

of the Mount Musgrave formation are overlain by recrystallized limestones of
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the Reluctant Head formation. Cn both sides of the pond the shales display
well defined axial plane cleavage wnicn dips 30° west, The overlying
limestones dip apProximately 50° also to the west., Upon close examination
original bedding features may be seen in the shales which indicate that
tney were originally crumpled against the base of tre limestones prior to
the develcpment of the axial plane cleavage. North of the Bend in Hughes
Brook, a ratlier clean contact was observed, belween tiie shales of the Mount
Isgrave formation and tihie base of the Reluctant Head formation, in & cave
which has been developed in a part ol the contact zcne. In the cave are
black shales which form an arch across the roofs The northwest 1imb of

tiie arch dips steeply under the limestones wnilst the southeast limb, after
dipping southeast for z few feet, appears to be torn orf by a vertical
fault wnich truncates the less steeply northwest-dipping uplifted strata

ol the Mount Musgrave fcrmation. It is notewortny that in this locality

a large part of tie argillaceous member of the lount Ifusgrave formation

is missing, suggesting that the member was eroded off. Approximately

1 mile along the contact to the northeast, where uplift along this fault

is not as great, a anilgher proportion of the argillacecus member consequently
remains.,

Trne Humber River exposures and probable age ol the Reluctant Head formstion.
o

Approximately 300 stratigrapnic feet of shaly limestones belonging
to the Reluctant Head formation zre exposed on the north wall of the Humber

Gorge near Shellbird Island.*

>
i3

The apperent trnickness o:s tnis sequence if viewed from the road is over
1,600 feet, However, drag folds exposed on trnese cliffs indicate that

a nortr. striking synclinal axis must lie between the eastern and western ends
of tne 1,000 foot wide exposure and moreover high on tihe nortih wall ol the
corge, almost exactly in the centre of the exposure, occur trougn rocks
composed oi dolomite beds of tre St. Gecorge group.
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These snaly limestones werc considered of Cambrian a, by
Schuchert and Dunbar (1934). They admit, however, that their  location
to the Cambrian depended on the correct identification of a few poorly
prescrved trilobites. Wslthier (1949) w«llocated thes:z limesto s and
some of tne shales and phyllites to the Grand Lake Brook "series", which
he states is of Cambrian age. However, ne presents no conclus e evidence
for accurate age determination. Most remarkable is tue fact that detrital
limestone fragments similar to the limestones of the Grand Lake Brook
group are found in the Humter Arm group arnd that these {ragments contain
well preserved Cambrian lossils.

The Penguin Cove formatiorn.

The Penguin Cove formation occurs in the cores of both the
Window Pond and Fenguin Cove anticlines (see Plate I). It comprises
interbedded argillaceous siltstones, quartzites, dolomites and limestones.
Tne first two are in sharp contrast in the outcrops: tne argi .aceous
siltstones are alternately light and dark brown in colour and grade into
adjacent dolomite beds, whereas tne grartzites are notably cle 3,
weather pale yellow to pink in colour =nd are sharply defined. Tne
limestones are often relatively clean, nuch of the silt and cl 7 tending
to accumulate in varying proportions in the dolomites. The amolnt of
silt or clay is isually reflected in the outcrop t; a change in colour on
the weathered surface {rom pale grey or buif=-yellow to dark bi 'n.

The formation in btotia localities is merked by much

slumping.
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From top to bottom, the seguence is as follows:

Thickness in feet

Eed group No. 1 Erown and almost black weathering
interbedded dclomite and argillaceous
limestone containing oolites up to
2.0 mmn, in diameter and "button" zalgae
(peanut-sized), followed downwards by
grey weathering tlack limestone with
slumped fragments of lizhl brownish
weallering grey dolomite which become
laminated toward the base of the group. 20,0

" " No.2 Limestone bed

N
.
O

" " No.3 Brownish weathering and highly contorted
(slumped) limestone and shaly dolomite., 6.0

" " No.4 Greyish weathering dark zrey limestone
containing peanut-sized brownish
weathering algal forms and numerous
(slumped) dolomite fragments. 6.0

" " No.5 HReddisn brown weathering dolomite with
paper thin laminae, several beds
lenticular in section interbedded with
grey limestone. Dolomite becomes
increasingly silty and argillaceous toward
the base of tne group and almost brick-like
in colour and texture. DBeds range frcm 2
inches to 1 foot in thickness, L4, o0

" " No.( Interbedded brownish weathering limestone
and almost black weathering dolomite with
beds averaging approximalely 2 inches in
thickness. 4pa 0

" ! llo.7 Pale yellowisn grey weathering
(silt grade) quartzite and numerous
guartzite fregments intcrbedded with, or
in, grey to brown weatnering limestone and
shaly dolomite. QJuartzite beds are often
lenticular in section and vary between 2 inches
and © inches in trickness.
Broken=off nose of a small slump-fold in
guartzite fcrms a nearly perfect circle 5
feet in diameter compoased of guartzite. lNose
part appears to nave actually rolled down
g slope. 2460
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Thickness in feet

Bed group No. 8 Brownish weathiering dolomite with large
numbers of slumped iregments varying in
size from less than 1 inch to € inches
thick, interbedded witli scattered
thinly laminated pale pink to maroon
quertzite beds and greenish weathering
dolomitic shale which is in part silty.
The group contains clean-looking
limestone beds from place to place. 128.0

Total exposed thickness eoeces 27440
Stratigraphically, bteneath these beds is a covered interval of approximately
320 feet. Scattered outcrops apparently from this portion of the section
are found in the woods nearty. These outcrops consist mainly of light
and dark brownish weathering shaly dolomite with scattered quartzite
beds. The total thickness of the Penguin Cove formation in Penguin Cove
is estimsted to be between 550 and 600 feet.,

VMicroscopic examination of the coarser clastic rocks of Penguin Cove.

A brief summary of point counts carried out on thin sections
of the quartzites shows that they have the following characteristics:
approximately 80 per cent guartz grains, 4 per cent plagioclase and
microcline, a groundmass of approximatecly 16 per cent containing zircons,
leucoxene, spinel and other heavy minerals which, inclusive of possibly
several others largely masked by iron oxides, comprise approximately 10
to 15 per cent of the rock. The guartz grains average slightly less
than 0.1 mm. in diameter. Point counts carried out on thin sections of
the argillaceous silty beds provided the following approximations:
gquartz grains of less tunan 0.5 mm. 45 per cent, sericitic and carbonate
groundmass 40 ﬁer cent, fairly larre flecks of biotite and muscovite &
per cent, potash and plagioclase feldspar 2 per cent, opagque minerals and

zircons 3 per cent,
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CHAPTER 4
TrAE IMATIN CARLONATE SEQUENCE

Tine St. George and Table Head groups,

General Description

The main carbonate seyuence consists of the St.George croup of
Tower Crdovician sge and the Tatle Head group of Middle Crdovician age.

As expressed in the General Statement (page 10) these two groups
comprise the greatest thickness oif carbonate rocks in West llewfoundland.
Notwithstanding the fact that these two groups contain some clastic
rocks = the St.George group havinz shales in some oi its lower menvers
along the western flank oif its outcrop area and the Table llead group
having a fairly thick sequence oi sheles in its upper part - the total
thickness of the carbonate rocks has been recognized to vary from 2500 to
over 4000 feet., These rocks, exposed over a width ot from 3 to 10 miles,
extend from Cape St.Georgze, on the Port au Pcrt peninsuls, to Cape Ncrman,
the northernmosti point otf tne Great Northern peninsula.

In the thesis area, the great masses of the St.George croup
are, for the most part, easily recofsnized. HoWwever, carbonate rocks of
the Tuble Head group were identified, witn certainty, only in some
places in the Hughes Brook area. In the Goose Arm area some sejuences of
beds were recognized as part of tie Table dead group but tne contact with
the underlying St.George Zroup was not establisned with an accuracy
greater than 200% stratigraphic feet. Eecsuse of sucl: poorly defined
limits, ilke Tatle liead rocks and possitly some St.Gecorge rocks were
allocated to a separate member, only tentatively considered zs part of
the Table Head group, tiie Raglan lead member.

Tre St. George group is approximately 4000 feet tnick in the

area of the Humber Gorge and somewnst less then 3000 feet in the Gocse Arnm
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areca. The Table lHead group, however, where recognized anywhere in or
near the thesis area does not exceed 700 feet in thickness,

Relationsilps betwean the St.Gecrge zroup and the underlying Penguln
Cove and Reluctant Head formations.

Throughout the thesis area, and to some extent northwards, tne
St.George group is underlein in the east by the Reluctant Head formation
and in the west by the Penguin Ccve formation. Southwards in thic Port au
Port area, it is underlain by the Petit Jardin formation and thne March
Point group, toth of Cambrian age. .

The contact betwesn the Reluctant Head rormation and the St.
George group, though: conformable, is ususlly sharp, the thinly bedded
shaly limestones of the H=luctani Head formetior often appearing to
terminate directly ageinst the thickly bedded dolomites which form the
basal beds of the St.George group. In some locslities, however, tlie contact
is gradational and some dolomite beds, similar to those of the St.George
croup, are interbedded with snaly limestone near tne contact. In both
types of contact the shaly limestones and colomites are sharply defined.
Kegardless ot the type of contact observed in any one plece, the Reluctant
Head formation, together withh the St.George group, apprear to represent an
almost continuous period of depcsition,

The contact betwezn the Penguin Cove formation and the St.George
group generally appears to be conformable, but in some localilities the
basal beds of the St.George group give tne impression of thinning and
tnickening over the top of the Penguin Cove formation. Some of the
thickening and thinning of the beds of the St.George group may be
attributed to the cdeposition of the lower dolomites of the St.George group

onto slumped Leds. However, such features occur within the main mass of
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the Penguin Ccve formation and such a feature should not iherefore ke
ascribed to an hiatus betwesn the two main rock units. Nevertheless, an
histus must h1ave occurred between the St.George rocks and tinose of the
Penguin Cove formation becatse of the fact that the St.George overlies
the transgressive overlap of the Reluctant Head formation over the
Penguin Cove lormstion.

Contrasts between tne St.George group where it overlies the Penguin
Cove formation and where it overlies tne Reluctant Head formation.

As stated in the beginning of tnis chapter, the St.George group
is approximately 40CC feet thick in the area of the Humber Gorge, where
it overlies the Reluctant hHead formation, but less than 3000 feet in the
Goose Arm area where it overlies the Penguin Cove formation. In the
Humber Gorge area, the lower part of the St.Gecrge group contains over
<500 feet of dolomite beds, while in the lower part in the Goose Arm
arca the apparently equivalent beds tctal less than 1400 feet. Generally,
wherever the St.George group overlies the Penguin Ccve formation,
including the Goose Arm, Bonne Bay Big Pond, Wiltondale and Lomond areas,
the lower dolomitic part of the St.George group is taninner than where it
overlies the Reluctant Head formation., In further contrast in each place
where the St.,George group was observed overlying the Penguin Cove
formation, it was found to contain shales or dolomitic shales interbedded
witl: dolomite in its lowermost several hundred stratigraphic feet. Tt

is evident that the St.George group received clastic materisl from its
Penguin Cove 1lank for some time after its deposition commenced.

Correlation of the St.George and Table licad groups in the tuesis area
with the fossiliferous localitics near Port au Port,.

As stated previously, the basis for correlation of the St. George

group in the tnesis area lies in its lithological resemblance to the
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fogsiliferous exposures of the group in the POrt au Port locality.
Cne of the better examinations of that area was made by Sullivan (1941)

o

and as the result of this wcrk several more fossils were found in the
area, in addition to those described by Schuchert end Dunbar. TIrom the
lists of both the St.George and Table liead fauna, provided by Sullivan,
the writer was able to conclude that the fauna of each is so different
that even poorly preserved fossils would serve to distinguish the twc
groups. It will be seen in Table III, which igs provided for purposes

of comparison, that the fossils cf the Table licad group may be divided
into two facies, those occurring in shales and thinly interbedded
limestone and those occurring in the massive limestones which constitute
the lower beds of the grcup. Mreover, if the two lists are compared,
it becomes apparent that any "hard shelled" animel remnants over 1.5
inches in diameter could only telong to tne St.George group. A4As will

be shown later, the presence of poorly preserved remnants, similar to
those indicated by the asterisks in Table III, were useful in determining

the boundary between the two groups.



36.

Table IIX

Showing the comparison between tne faunss of the Table Head and
St.Gzorge groups as they occur in the Pcrt au Pecrt area.

Table Head group

Fossils founc in shales and thinly
interbedded limestones,

Graptolites

* Climacograptus parvys Hall
Climacograptus sp.
E&;lnsxan._a_plumaa_ﬁ.(hdll)

Rhyllosraptus quadribracihistus (hall)

Tetragraptus guadribracbiatug (Hall)

Gurley

Fossils found in massive limestones.
Arthpopods
efz is hutt
Bracniopods
Leptobolusg

* Lingula n. Spe
Qbolug sp.

b

St.George group

Not indicated as belonging to any
particular part of the group.

Arthropods
Buchasma blumenbachi (Billings)
Leperditi Do

Caphalopods

Diphragmoceras
(rthoceras explorator (Eillings)

* Piloceras spe
Protocyclaceras lamarcki
* Tarphyceras prematurum Hyatt
Gastropods
topeg kejthi Ulrich
uconi na (Billings)
Helic ;9 tritonia (2illings)

Lecangspira cf. L. compacta

% Maclurites aflinis (Billings)
% -uClUIltGS oceanus (Billings)

Meclurites rotundatus (2illings)
Marchisonia cfs M, obelisca Whitfield
Cphileta ne;; e Billings
Pleurotomaria hyae Billings

* Turritomg acrea Rillings

Brachiopods
Archeorthis hippolvte (Billings)
Alzae

Cryptozoon sp.

* Cbserved by tne wriler but not critically identiiied.
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The St. George group

Description of the Hughes Brook and Corner Brook formations,

The two [ormations of the St.George group were partly described
in the General Statement. The division of the St.Georze group into
these two units is, however, mainly for convenience as it would be
difficult to prove that lhey each represent a particular type of
deposition or environment. Moreover, each of the dolomite sequences
wnich occur within the Corner Brook formation are, except for tneir size,
almost identical tc the great thickness cof dolomites which comprise the
Hughes Brook formation. Further, as these two formations change
character consideratly outside tne areas of the Humber Gorge and Hughes
Brook, sections examined in other areas are considered as part of the
St.George group as a whole and the formations are referred to only Jor
purposes of comparison.

The section for the Humber Gorge and Hughes Brook areas are

given in Table IV,

Table TV
Outline of the Hughes Brook ana Corner Brook formations

TCP

Corner 3rook [ormation, mainly altcrnating, stratified sequences of

' limestones and dolomites with a maximum thickness
of 1500 feet, Contains a well defined "upper
dolomite member" in its uppermost 200 feet,

Hughes Brook formation, mainly dolomites, a 2550 feet thick sequence of
dolomites in the areas of the Humber Gorge and
lughes DBrook Valley, but less than 1400 feet thick
in the Goose Arm area and northwards.

The Hughes Brook formation

In the Humber Gorge.

The hughes Brook formation, in the area oi the Humber Gorge,
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comprises a continuous <550 feet thickness

O

f medium to thickly beddec,
in places almost massive dolomites which are in sharp contact with the
underlying shaly limestones of the Reluctant ilead formation.

The formation commences upwards from the top of the Reluctant
lead formation witn a 300 feet thick sequence of evenly bedded, almost
black, dolomites with marked hematite staining on the weathered surfaces.
The beds are generally thick and in places almost massive, but toward the
top of this "zone" the dolomites are thinly laminated but have partings
at 1 to 2 feet,

Above the 300 feet thick sequence, the dolomites are crey,
weather bufr-yellow and are noticeably recrystallized. Laminae, apparently
due to differences in grain size become more noticeable despite the
recrystallization of the rock. Irom plezce to place are sneared zones
which contain secondarily introduced calcite and in these zones the
dolomites nave an almost glassy suriace where freshly fractured, Little
or no lithological variation occurs for over 200 stratigraphic feet.

The Corner Brook formation

Also in tre Humber Gorge.

The Corner Drook formation, in the area of the Humpber Gorge,
consists of a 1500 ieet thickness cf alternating limestone and dolomite
sequences, each sequence in turn consisting of from one to many teds of
dolonmite or limestone and varying from an inch to over 80 feet,

Eetween the Tlughes Erook formation and the first limestone
seguence of over 50 feet is & zone ol relatively thin limestone and
delomite sequences, herein called the "transition zone", which is over

520 feet thick.®

* This zone was studied in consideralle detaill both chemically and
lithologically. Tre results of assays of the limestcne and dolomites are
included in tlie part of the chapter concerning tne chemical composition of
thae St.George group as a whole.




From the top or the high=-nagnesian Hughes Brook formation stratigraphically
upwards for approximstely 200 feet, the beds of this zone vary from 0.25
feet to 9 feet in thickness., 0Only a few beds exceed 5 Ifeet and the average
thickness is slightly over 3 feet. The greater proportion of beds,
however, are betwezn 1.5 fest and 2.5 feet thick. BRetwesen 200 and 250
feet, the limestone beds cccasionally exceed 15 feet and one continuous
sequence oi limestone beds, near the top oI the transition zone,measured
L2 feet,

Above the transition zone are a few feet of relatively thin
interbedded limestone snd dolomite seguences which in turn are followed
stratigrapnicelly upward by slightly over 30 feet of limestones which are
separated from o further 92 feet ol limestones by 3.5 feet of dolomite.
Variation occurs in this essentially celcitic sequence but it is more
remarkable for its persistence along strike and laterally then for its
variations and, therefore, forms one of the tetter prospective quarry
sites where it extends into the North Star Cement quarry ares.

Overlying the thick calcitic seguence is approximately 600
{feet of glternating limestone and dolomite sequences, none oi wWhich are
over 50 feet thick, and where only a few exceed 20 or 30 feet in
thickness, but above is a limestone uorizon approximately 150 feet
thick which where it extends into the North Star Cement property is
guarried es a cement rocke.

Above the "quarry horizon" is a 170 feet thick sequence of
closely spaced dolomite teds of great lateral persistence called the

"ypper dolomite member cf the Corner Erook formation."
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The upper dolomite member of the Corner Brook formation.

This member was first recognized in the Hughes Brook Valley
where it outcrops approximately CO.5 miles west of Hughes Brock, and
was later recognized east oi the Brook north of the Gillams Transverse
fault. (See Plate 1). In both localities it is 166 feet thick and
consists of 85 per cent high-magnesian dolomite beds and 15 per cent
of nigh~-calcic limestone beds., This member was also recognized west of
the North Star Cement quarry south of the Humber River, but here appears
to contain a lower proportion of dolomite beds.

Walthier (1949) claims to have recognized an hiatus at the top
of the upper dolomite member wiiere it outcrops along the ridge east of
Dormston Quarry, southward zlong strike from the North Star Quarry. The
present writer feiled to find any erosicnal break and & close examination
convinced nim that the beds sbove and below the supposed hiatus are almost
identical. However, the limestone in this locality has been recrystallized
and an hiztus could easily be overlooked.

The remarkeble persistence ol this member is demonstrated by
its occurrence in the Port au Port area wnere, from excellent exposures
near the Gravels, it may be traced northwest zlong the west flank of the
Table Mountein for over 5 miles. Schuchert and Dunbar recognized an
erosional surface at the top of this group from the overlying Table Hecd
group. Tne writer was able to locate tnis erosionel feature by measuring
upwards for 160 feet from the base of their excéllent sections but was
unsure whether the hiatus persisted for any grest distance northeastwards.

A numter of cryptozoon reefs,which form part of tne rmember near

Port au Port, were traced easily and one re=f was also seen in the Hughes



_roock exposures towards tlhe top of tiie member,

Secause it will te necessary to refler to tnis member, a detailed

description is given of & section measured 0,5 miles west of rHughes Brook

and 2 miles north ol the seashore Trom where tne brock enters Ilumber Arme.

The tpper aolomite member oi trhe Corner

brook formation.
Bt s,

Section irom top to bottom:

Bed Sequence No.

Description Thickness in ft.

1

ol

Euff grey weatherinz evenly bedded grey
dolomite with paper-thin to 1,0 mm.
thick laminee, beds vary tetween 0.5 and
1.0 feet tnick., Completely recrystallized

and sugary textured. 25.0

Grey weathering recrystallized grey lime-
stone with scattered lLorn shaped, operculated
castropod remnants. Qeralopea ? 0.6

Thinly bedded bufli grey weathering grey
dolomite becoming more thickly bedded
stratigrapnically downwards, 3.0

Thinly laminated dolomite bed, 1 fcot
thick followed downward by a & foot
thick dolomite bed, 3.0

Greyish weathering dark grey limestone,
with almost silky texture on fresh surfacc, 1.0

Thin irregularly bedded limestone and
dolomite, weasthering grey and light brown,
beds somewhat patchy. Fragments of dolomite

at tne kase. 2.0
Fossiliferous grey limestone, laclurites?
fossils poorly defined, thinly bedded in
part with thin dolomitic laminac. 3.0

Iassive looking dolomite beds with
occasional noticeable leminae, up to
2 Teeb thick. 5.0

Limestone containing paper=thin to 5.0 mm,
thick dolomitic laminae, are nishly contorted
between parallel beds. 2.0
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Bed Seguence No. Description Thickness in ft,

10 Fractured to almost brecciated dolomite,

medium bedded, indistinct laminae. 1.4
11 Almost slaty dolomite with paper=-thin clayey

partings at irregular intervals, weathers

light brown, may be slightly silty. 7.0
12 Erownish weathering dolomite somewhat shaly

toward the base. 2.0
13 Grey thinly bedded limestone with scattered

cherty patches and lenses and twig=like

algal pseudomorpins. 1.5
14 Dark grey sugary textured recrystallizec

limestone. 3.0
15 Thinly bedded dolomite with gryptozoon

recf-1like forms for approximately 0.6 feet
in upper portion of sequence, followed
downwards by thinly laminated and thinly
bedded dolomite, becoming shaly toward the
base of the seguence,

€8}
[
C

16 Thinly bedded shaly limestone with thin,
irregularly spaced, dolomite beds less than
1 inch thicke. 6.0

17 Mainly covered interval but contains
scattered outcrops of dolomite with few
limestone outcrops. 60.0

18 Dolomite, highly contorted bedding,
weathering bulf grey to light brown,
sugary textured, massively bedded in
part,. 20,0

Crre——

Total thicKkness eceeecesco 166,.5

Limestones below this sequenee contain poorly preserved fossils

resembling tne gastropods Ceratopea, Maclurites oceanus? and a brachiopod

égcheorthis.

The upper dolomite member has not besn traced with certainty
into the Goose Arm locality. It is probable that it is represented there

by bed sequence No., 2 of the Wolf Brook section (to be described later),
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w.iich measures 75 feet in thickness. T.ils sequence is composed cniefly
of thin to tiaick bedded, tninly laminated dolomite and in part contains
almost massive featureless beds. Much of the massive looking dolomite
appears to nave Lad most of its primary festures removed by recrystall-
ization andé the intrcduction of lime into numerous shears and fractures.

The St.George group in the Goose Arm area.

As stated previously, no asttempt was made to subdivide tue
St.George group into separate formations outside the areas of the
Humber Gorge and Hugnes Brook. (n the following paies are two detailed

profiles of thne Stl.George zroup where it outcrops in tiie Goose Arm area.

T
L

he tirst section, herein called the White Face section, was examined
along the faces ol & series o. cliffs which extend nortrnwestwards Ifrom
the White Face cliffs, near Penguin Cove in Goose Arm, almost to the
sinore of Pengiuin Arm., The second, called the Wolf Brock section, was
measured from a sunort distance west of Wolf Erook, on the south shore of
Goose Arm, almost to Long Foint aprroximstely 1.5 miles farther west.,

In both examinations the St.George group is treated as a2 whole.

The White Fsce section.

The besal beds of the St.George group are well exposed on the
White Face cliffs waicn overlook Pencuin Ccve in Goose Arm, and frcm
there the succeeding beds of the zroup may be traced through intermittent
exposures, northwestiwards for nearly 2 miles across tne west {lank of the
Fenguin Cove Anticline. Tne section commences upwards Irom & group o:i'
finely oolitic beds whicn mark the top oi the Penguin Cove formation.

Tire basal beds of t.ils section are grey on the fresun surface,

weatuer bulf-yellow and, for the most part, possess Ilaint brownish~=weathering
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argillaceous laminae., Approximately 25 feet above the basal beds is

a persistent 5 feet thick sequence of thin beds containing nodular to
angular ifragments of dolomite. Tne fragments appear to have been derived
from the beds below while tney were in a semi-~consolidated to consolidated
condition as both angular and nodular iragments are found in the teds
above.

4t approximately 4C feet above the base, the dolomitc beds
become thicker, and average slightly less than 2 feet. Tiaese beds contain
fine, almost paper-ti:in brown lazminae, which microscopicolly are secn
to be composed of sili=size quariz grzins and trnin bands of clayey
material.

Atove 8C feet, the dolomites have red blotichy lhiematite stsininz,
are finely crystalline and, as in the beds helow, contbain & small zmount
of silt. However, these beds are more maessive and tne silt, under tne
microscope, 1is seen to be unevenly distributed rataer taan forminge
laminae. At the base oi the messive beds is a thin layer of dolomite
fragments wiiilchh have evidently been derived from the Leds kelow.

The weathered surfaces of tuese beds freguently show features
which resemble drying cracks and rather pocrly defined current teddinge.

Approximately 100 to 200 feet above ti.e oolitic beds are found
fine flecks of galena and sphalerite., Slightly higher in the secltiorn is
a 30 foct thick section comprising interbedded lizht buff weatnering
colomite and reddish weatihering dolomitic si.cle, wahica appears to be
entirely conlormable witi. the overlyin~ and underlying dolomite bads.
above the shale beds is a greyils.. weathering, sugary textured dolomite

selens, sphalerite, ancd lesser pyrite, which is in turn followed

=

containing
upwards Ly a seguence ol thin-bedded, reddisi: weatliiering, somswhat less

dolomitic calcareous scales
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Stratigraphically above and occurring to the nortanwest ol the

dclomitic celcareous shales, are a nimber of isolated cliff faces

represent several hundred feet of dolonite, which fartler west are
interbedded with dark grey weathering sequences of limestone. A&t the
Lottecm of the limestlone beds, where ti.ey arec underlain by dolomite beds,
there are almost invariably 1 or 2 inch thick layers of fine tc coarse,
sometimes angular fregments ol dolomite, similar in appearance to the
underlying dolomite beds.

Toward the top of the tnickness o1 alternating limestone and
dolomite seGuences is a zone containing angular blocks oi” dolomite and
limestone varying irom u few inches in diameter up to 2 x 5 x & feect
(pianccase size) which lie within unbrecciated limestone beds., It aprears
that consolidated fragments, or blocks of dolomitec and limestcone, have
slid into unconsolideted limestone mud.

The breccia zcne 1s in turn overlein by several hundreds ol
fect of grey westhcring, thinly bedded, fissile limestones which contain
numerous, thoucn poorly preserved gastrcepods toward tie base, suggesting
that in part tliese limestones telong to the St.George group. Slightly
nigher in the section, nowsever, no fossils representative of either the
Sl.George or Table llcad group were found. It is not improbtable tnat the
fossils near the base of the limestone thickness are detrital and were
washied or eroded out oi' the St.George group as were tiue breccias. Because
of this possibility, all the limestones above tie breccia zone are
considered as part of a separate member - the Raglan llead member, whicl

will be discussed later. The top of the total section is unconformably

overlain by tne early sediments of the Humber Arm group.
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Trne Wolf Brock section.

This section, wnich was measured and examined in detail also
across tne Penguin Cove Anticline, has an apparent thickness of slightly
over 3600 reet and was measured through beds which dip almost continuously
westwards. This tanickness is approximately 1000 feet greater than the
estimated thickness of the section on the White Face cli.'fs, for parts
of the section are repeated by faulting., It is noteworthy in this respect
that the top and btottom limestone members, as exposed along the s.uore,
are almost identical.

The truly representative section, derived a.iter corrections for
faulting are made, is venerally similar to that on the White Tace and
northwestwards. The scction commences downwards from a sequence ol shaly
limestone and calcarcous shales whicn possibly be=long tc the Table fead
ETOoup.

Sumn arizing somewhat, tne section is as -ollows:

From top to bottom:

Sed Seguence llo, [hickuness din ft,
1 Interbvedded dclomite ana limestone, pre-
dominently limestone - with limestone
subdivisions up to 60 fest thick and
dolomite subdivisions witn thinly inter-
bedded limestones up to 20 fezt thick =
limestones in pert shaly with tnin clayey
partings and containing smsll fragments and
angular blocks of dolonite in tne lower part
of tl.e seguence, apperently derived from
dolomite beds immediately below. £00

n

Thin to thickly bedded dolenite, weathering
buff yellow, ia part thinly laminated with
cccasional silty laminae irrepularly spaced. 75
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~cc Seqguence Noe Tnickness in ft.
3 Interbedded dolomite and limestone,limestone
subdivisions up to 30 feet tnick, contains
scattered cherty lenses snd patches, generally
similar to bed seauence Moo 1l 320

4 Grey tc bufil yellow weatbliering, in part
thinly leminated dolomite, with beds
varying from 2 or 3 inches in thickness to
Just under 2 feet, Contains thin shaly
limestone beds from place to plsce. 410,0

N

Interbedded dolomite and limestone similar
to bed seguence o, 3, appears to ccntain
a higher proportion of chert toward the top.
Limestones contain numerous twig-like algal

forms. 260,0
é Dolomite similar to bed seguence No. 4 130,0
7 Cniefly shaly limestone with scettered

thin dolomite beds, €5.0
3 Grey to buf{l yellow weethering, in part

thinly laminated dolomite with beds
varying from 4 or 5 inches to 1.5 feet,
Some red blotchy hematite staining.

Contains a few scattered thin limestone beds. £450,0
9 Interbedded dolomite and limestcne, similar

to bed seyuence No. 5. 25.0
10 Mainly greyish weathering dolomite with

trownisi: beds from place to place, pyrite
in upper portion of subdivision, generslly
similar to bed sequence No, 4. £400,0

11 Dolomite, greyish wcathering, with
occasional seguences ol brownisrn shaly
dolomite, contains scattered patches and
flecks of pyrite, sphalerite and galens,
similar tc dolomite on White Fzce Cliffs, 410.0

Total ThicKNeSS coceesesese 2,015,0

In the section described zbove, it is possibkle that bed sequence
No. 7 marks the top of the Hughes Brook formation, or to elzborate somewhat,

marks the changing point {from an environment predominantly suitable for



tne deposition or formation of great thicknesses of dolomite to one
generally suiltable for the deposition or formation of limestone.

breccila zones apove the upper dolomite member of the Corner Brook formation
in Hughes Broock and Wild Cove Valley areas _gnc near the top of the St.,George

Zroup_in Goose Armg

In the Hughics Brook and Wild Cove Valley areus, the upper
dolomite menmver of tne Corner Drook formation is overlain by breccis
zones, whici: contain angular blocks oi limestone and dolomite, bearing
a strong resemblance tc those occurring ir. the White Fice section in the
Goose Arm area. These breccias, however, have in many places been
snattered by tectonic movement sc that it is impossibtle tc ascertain
whether they originated by sliding into unconsolidated muds, as did those
of Goose Arm, or not.

In the Goose Arm area, tne breccias vary in size from that of
a match box to several fect in length and over a foot in widtn. In the
White Face section several breccia blocks were observed which, from their
angular apkearance and the random orientation of tieilr bedding in respect
to the bedding of the enclosing limestone, could not hiave movea far I{rom
their source. Mreover, the grest variety of sizes of the blocks or

frazments suggest that they slid down a rather ste=sp slope, an idea which

1&)]

vggests the beginning of an orogeny. Because of this, the limestones
and dolomites of the Gocse Arm area overlying the btreccia zones are
allocated to & separate member called the Paglen ilead menber, alter the
locality wnere 1t was first examined in Gecose Arm., This member is
tentatively correlated‘with the lower part of the Tabtle Head group.
Other reasons for this correlation will be discussed later in this

chepter.
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The Raglan head member

Excellent exposures of this member form high cliffs on the
1000 feet high abutment of Raglan llead where it overlooks the HNarrows of
Gocse Arm. From a vantage point on the north side of the Narrows, it is
possible to recognize evenly bedded alternating sequences of grey to
dark grey weathering limestone znd pale grey to light buff weathering
dolomite. The dolomite, which is the more resistant of the two rock
types, tends to stand out from the limestone with slight relief.

A detailed examination of the Raglan Head member shows that
the strata are notably similar to those of the Corner Brook formation,
The limestones in the lower part of the Raglan Head member are marked by
numerous twig-like algal pseudomorphs, which because thesy are more
resistant to weathering, stand in hicgher relief than the limestone
containing them and, where not broken by post-diagenetic movement, lend
a distinct lace-like pattern to the weathered surface of the rock.

In many limestone beds the apparent detritus from these forms
gives a laminated appearance. The laminse are invariably lighter in
colour than the limestone so tnat, as with the twig-like forms, they are
easily distingul shed.

Fossils other than the algal forms are rarely found in the
exposures on Raglan Head and those present are too poorly preserved for
accurate identification. Near, or at, the tase of tiie member, remnants
resembling lMsclurites, Cyloceras and Qeralopea, among others, have bee»
found a short distance above the breccia zone previously described, but
as in the White Face section appear to die out a short distance above it.

The total thickness of the Raglan kead member is not accurately

known, A thickness of 075 feet was carefully measured on the northwest
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izce of the "head" and a further thickness oif 195 feet was measured on
tie soutnwest face but nere the hteds nave been so contorted that some
rieasurements may have been repeated. Tentatively, one might assume that
trne member is approximately 800 [eet thnick,

The Tabtle head croup in Pcrt au Port and its

pogsiple cgujvalents in the Goose Arm areas,

The Table Iliead group, winere it is exposed near Pcrt auv Port,
is abundantly fossiliferous, and with its exposures in that locality, an
attempt was made to correlate similar rock types in the Gocse Arm areas,
In the Port au P-rt area the Table Head group comprises two main rock
types: a lower sequence of rather massive limestones wnich immediately
overlies the St.George group, separated from it by a smell hiatus, and
a seguence of grey to black sheles and ininly interbedded limestones
witich constitutes tne upper part oi' the group., The fossils may be
divided into two types and these, in turn, may be allocated to the two
main rock types (see Table III, page 36). From the table, it may ke
readily seen that the fossils occurring in tlie limestones, wnich
constitute the lower part of tne Table Head group, could not be mis-
taken for the relatively largze gastropods which are commonly found in
tihe St.Georce croup, even il they were very pccrly preserved, Although
no hiatus was recognized at tne base of the Raglan Head group in the
Goose Arm area, its place or stratigrapaic position is probably merked
by the breccias oi the White Icce and Wolf Erook sections. liowever,
thourn the treccias may be the time eyulvelent of the histus lfound in tne
uppermost strata of the St.Gecrge group at Port au Port, it is unlikely
that they mark the beginning of an hiatus in the Goose Arm areca. This
concept is somewhet torne out by the fact that none of tue fossil remnants

found immediately abvove the breccias in tie Gocse Arm area could Lelong






epproximately 325 feet tiere is a seyience of limestione of about 75
feet in thickness wnicno 1s, in turn, followed stratigraphically upwarad
vy limestornes contairing only thin, scaltered dolomite beds,

I an examination is made ol tne pattern of eliernsting lime=-
stone and dolomite beds turoughout ti.c St.Georze aand Table licad groups

s a vicle, it mey be noted taal there are essentially lwec cyclic

¢

patterns. One involves tne great thickness ol dolomite towards the base
and the essentially calcitic tnicknesses toward tne lop; tle other
involves t.ie minor cranges such as are ripresented by the transition zone
between tae mainly dolomitic and the calcitic parts.

Tne wWwriter suggests ilnat these two patterns may represent
& ¢raduval meteorological change from a nigh temperature to low, whicn
involved tune greater cycles and tie eilects of isostatic change, which
involved the smaller superimposed cycles.
Detailed descripticn of the limestones - mainly from areas whnere

tie rocks nsve nol been greatly metamorphosed.
Chieily in the Gocse Arm area.

As partly described previously, the bases oi the limestione
beds wnere tney overlie dolomite beds are commonly marked by a layer of
dolomite fragments, one or two inches thick, similar in composition to
the beds below them. Above tne layer ol fregcments the limestones are
frequently massive and usuzlly several timss the thickness ol tihe dolomite
beds. Generally, the limestones conlain eituer clusters of twigz=-like
algal pseucdomorphs or i'ine laminae, evidently derived Ircm broken-up
algal frayments. Tue laminse very [rom paper-tiin to 1 or 2 mm., in
thickness and nay be a few millimeters to several inches apart but

cormonly Join to form thicker laminae or die oul zltogether. Unfractured
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cross lamination as if bottom currents occasionally developed miniasture
deltas in the limestone mudse.

Interspersed throughout the limestones are scattered, often
recrystallized, guartz grains, usuzglly less than 0.02 mm. in diameter,
but occasionally clusters of quartz grains are found along tine solution
cavities.

In one thin section from tnis divisicn, the curved outline of
what appeared to ke a portion of a braclhiopod shell was observed. The
"outline" was filled largely with dclomite crystals but possibly not to
the same extent as the algal twig-like pseudomorphs and contained a higher
proportion oi fine calcite crystals. The dolomite crystals appreared to
nave grown at the expense of the calcite.

Some of the limestones contain suorounded to well rounded
patches of dense, very finely crystalline, calcite grains. The rounded
patches vary f{rom 0.5 to 1.5 mm., The matrix of these rounded forms is
notably homogeneous and consists of calcite grains, subhedral to
euhedral in shepe, which are interspersed by larger recrystallized calcite
grains. In some ithin sections the roundness ol the calcite patches
appears to be more than fortuitous and bear a resemblance to lecal pellets.

Dolomite beds.

The dolomite beds are often laminated, from thin to massively
bedded and weather light bulf grey to light brown. In the cutcrop they
are 1n sharp contrast to the limestcnes wiilch weather grey to dark grey.
On the fresn surface the dolomites have usually a distinct sugary
texture which is markedly different {rom tihe smooth, almost silky texture
of the limestones, znd being more resistant to weathering and also more

competent, where both are tightly fclded the limestones become ccntorted
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small to identify. Further, assays of the dolomite for AlpOj3 varied
between 0.67 per cent and 2.49 per cent. I'rom the above, it is evident
that the Al»03 wnich mignt te incorporated in clay minerals is
insufficient to account for the relatively high proportion of SiOp.

It is notable that many of the quartz grains nave sharply
defined hexagonal outlines. Some of the hexagonal forms may have
resulted from the enlargement of Iine anhedral dJuartz grains into
eunedral forms.

Because of the rather broad areal distribution of the dolomites,
it is difficult to envision the transportation of quartz grains of
0.1 mme to all parts of the division without the aid of turbidity
currents or some kindred phenomena. Moreover, the grains have such an
erratic vertical disiribution in the beds that it is unlikely that
turbidity was an important factor in their deposition. It is, therefore,
likely tnat many grains grew from small quartz nuclei, probably less
than 5 microns in diameter, which could be transported over large
distances even by wezk currents, or were derived from the recrystalliz-
ation of cherty material.

1

Chemical composition ofl the St.George group as a whole,

The limestones and dolomites of tie St.George group are well

defined chemically and physiczlly. The limestones seldom contain more

-y

than 2 or 3 per cent !0, except wnere they include large smounts o
nigh-megnesian fossil algaee, the dolomites seldom contain less than 12
to 15 per cent 0. Most of the dolomites contain between 15 and 21

per cent 10, and where tne proportion of MzO is less than 15 per cent,

there is usually evidence for the secondary introduction of calcite

near fault or shear zones. By assay, three large samples from the top
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Pactors related to the deposition oi the dolomite beds.

The writer is not concerned here witn tne physical chenistry
o1 the dolomite beds, but hopes to show, and to some sextent summarize,
thie relationships between tne dolomites and limestiones, together with
some aspects of the cenvironment of their deposition. The following
fectors are submitted ifor consideration:
1) The dolomites almest azlways snhow some evidence of having

been deposited in shellow waters and for having been
exposed to tne sun for varying periods.

2) Where cdolomites ere interbedded with limestones they are
separated by a sharp boundery of considerable lateral

persistence,

3) lMegnesis-rich algal psevdomorphs, and dolomite laninze
evidently derived b the vreaking up of the slszel
pseudomorpns, are Ifound in otherwise high=calcium limestonc,

4) Dolomite beds almost invariably srnow feinl to vell defined
laminas.
5) here dolomite crystals are found in limestone, they tend

to sliow & preference for solution cavities in which they
have apparcntly grown at the expense of calcites

6) Cryptozoon reef structures are slmost invariably rich in
magnesiae.

7) Tle dolomites contain, on the average, a higher proporticn
of 510, than the limestones.

From the above, three main iractors sesm important; evidence of
shallow water-tidal flat conditions, persistence of laminse in the
dolomite and ti:e sharp boundary between colomite and limestone veds.

Tae first relates tine dolomite to an enviromment which was subjected to
wave action and drying in the sun, the szcond suggests that the dolomites
arc partly detritel in origin (but not necessarily transported avy creat

distence) and pessibly derived from nearby re2fs of algae wnich were

capable of precipating dolomite or incorporating il in vwhat were to be
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Laeir fossil remeins, tne third, tihe sharp boundary betwezn the dolomites
nd limestones suggests that the dolomites and limestones were depesited

® separate beds and that the dolomite was not an alteration product

]

~.ter its Iinal deposition. C(ther ractors siicw a reletionslLip between
the faunal association and tlie process of dolomitization in thet

al forms aplear to have played a part in the original formation oZf
ti.e dolomite in 1lhe limestoncs Irom waich the dolomite beds were
wltimately derived.

The following explanation may be suzcested for the nigher
proportion of 5i02 in lihe dolomites tner in the limestones., It is
probable that the supply of S5i0p was a relatively constant factor and
that the ratio of 5i0p in the limestone to its ratio in tne dolomite

simply represents a longer "proportion" of time for the dolonites

to

o'

e deposited.
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CIAPTER 5
TIE ZUMGER ARIC GROUP

General description of the Humber Arm group.

As expressed earlier in tne tlesis, tne Humber Arm group
comprises tlie grealest thnickness of clastic rocks in West Newfoundland.
Thnougn few recognizable fossils have been found in its strata, it is
believed to be oi Middle to Upper (rdovician age but some ci its upper
menbers may be as young as Silurian age.

This group overlies the main carbonzte groups with great
vnconformity. It consists essentially irom bottom te top of (z) dark
shales, (L) partly interbedded cuartzites, (c) thinly tedded limestones
and limestone breccias, (d) sheles with interbedded, partly massive,
sandstones, and (e¢) a thick seguence of volcanic rccks consisting of
basalt, andesite and lesser amolwnts of rnyolite.

Fecause of tne prevailing westerly dip throuzhout tne area,
these rccks are located mainly westwards of the underlying carbonate
croups. The sediments of tne group, with the exception of the massive
sandstones, which are relatively competent, are hignly contorted and
display mucl. dragiolding end minor faults.

Contortion is so great in some localities tnat individual
beds or horizons may be traced cut only with great difficulty. Accurate
estimates oi thicknesses are dirficult because of slaty cleavage wnich,
in many places, hes obliterstea the orizinel beddins. The thickness of
the group* was, therefore, obtained by measuring the more distinctive

horizons and the "bulk" of the l2ss competent menmbers between them,

3
g

»

It is interesting 1o nole the c¢reat differences belween the cstimates
of the thickness or the Humber Arm group made by dirfferent workers:
Schuchert and Dunber (1934) 500C+ feet, Waltnier (1942) 4000 to £500 feet,
Weitz (1947) 12000+ fe=t.
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Tre writer estimated the thickness of the Eumber Arm group, including
tine volcanic segucnce, to be over 7000 feet., The volcanic seguence
wes estimnateda to iave an sverage thickness of approximately 1000 feet.

As shown in the Ceneral Description, the Humber Arm Zroup . as
Iive more or less natural divisions. 0Only two oif thess, with the exception
o1 tue volcanic rocks, have recognizable limits; the western sandstones
and interkbedded shales, tiie thinly bedded limestoncs and limestone breccias.
A third suite, the interbedded quartzites, whicn are easily recognized
but not delineated, are given & local name., 1In Table V are the writer's
subdivisions of ilhe lumber Arm group for tlie Goosc Arm=ilughes PErook
areas, presented from top to hottom.

Table V
Subdivigiong of the Humber Arm croup

in tne Goose Arm=Hug.ies Brook areag,

Tope.

Humber Arm volcanic rocks Mainly pillowed basalts and andesites,
massive basaltic and andesitic f{lows
and pyroclastics,

lestern Sandstone formsti Pine to coarse sandstones and greywackes,
some limestone heds and sirles, intercalated
Wit volcanic rocks towards the lope.

Pensuin Arm Limestone formation Thinly interbedded limestones and calcarcous
shales witn widespread zones of limestone
slumped breccias,

Penguin Arm guartzites Lenticular zones of clean Jguartzites
witlh cccasional conglomerates.

Undivided snales hlack, red, ¢reen, and grey shales

interbedded witn all members,

In the following pages a more or less typical section tnrougn
tne rumber Arm croup will bte describecd and this will be ifollowed by

a description ot the lithology and relationsiips oif each formalion or
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important rock seguence.

The Humber Arm croup in Penguin Arm and North Arm.

The most important and best cxposed section of the Iumber Arm
group in the thesis area 1s found partly along the south shiore of Penguin
Arm near Penguin rdarbour and partly along the seashore between the head
of Penguin Arm and llorth Arm,

Un tne south shore of Penguin Arm, the Raglan Head member is
stratigraphically overlain bty dark, almost black, shales which contain
large lenses and irregularly shaped blocks of sandstone and sandstone-
pebble=-conglomerate,

Toward the northeast, ot the lLiead of the Arm, and along the
northwest shore, are almost white cuartzites herein called the Penguin
Arm grartzites, whicn contain scsttered conglomerate lcnses. The Grartzite
bodies are somewhet lenticular in shape and, witn the exception of local
disturbances, dip steeply northwecstwards. These quartzites are notably
clean and are composed of over 70 per cent gquartz grains, usually fused
together, The mabrix, under tlie microscope, is scen 1o be composed
chiefly of very fine guartz grains and s little sericite,

Stratigraphically overlying the guertzites are large masses of
roughly stratified limestone breccias, wiiich are composed of dark bluish
¢crey and brown shaly sub-rectansular limestone frsasgments. These fragments
appear to represent tie breaxing up and redeposition of thinly bedded
limestones. Partly in ihe same stratizraphic position, but mainly ebove
the limestone krecclas, are thin bedded limestones similar in composition
to those constituting the vreccia fragments. The thinly bedded limestones
are, in turn, overlain Ly more breccla. A41ll these carbtonate rocks will

be discussed under the name the Penguin Arm Limestone formation.



Again, higher in the stratigrapiiic seguence, the bLreccias are
overlain vty highly contorted grey and green shales which contain
irregularly spaced sandstone, greyWacke, and limestonc beds toward the
tepe Tnese sandstones become successively more massively bedded and are
the dominant rock type for several Lundreds of fcet, Recause of its
persistence areally, tils arenaceous seguence is herein called the
"Western Scndstone formation.® This formation contains, in addition,
grey and red snales, and intercaleted volcanic rccks,

Cverlying the Western Sandstone formation are approximately 1000
feet of pillowed basalts and andesites, massive andesites, agglemeretes
and some ranyolite breccias farther to the weste.

Missing irom the &gbcve section is a sequence of red and green
shales and & tnin segquence cf volcanic ilows, all of which lie
stratigrapnically betwezn tle klack shales of Penguin Cove and the lower=
most gquartzites. Thesc rocks are found along the seashiore between
Earachois Brook and Long Pcint in 1Hddle Arm (see below). Other exposures
ks are found from place to place in the bed of Penguin
Arm Erook.

Basal relationsiiips of tae HNumber Arm <roup to the Raglan
Head member and Tatle Head carbonste rocks.

The nature oif the contact between the Humber Arm Sroup and tne
underlying carbonate rocks varies from place to place., Many outcrops in
or near the contact show evidence for failting. However, these faults
often occur away I[rom thc contact and well within the Humber Arm rccks
trhemselves,

In the Hugihes Lrook locality, souti: oi' the Gillam's Uresk, the
carbonate rocks are represented at the contact by limestones similar to

those o4 the Raglan Head member., Immediately above these rocks are thinly
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essentially massive, notably vesicular, and have nunerous flow top

breccle ragments vearying Ifrom a foew centimeters tc several inches in

:.3

diameter. Scoriaceous looking patches occur from place tc place.
The uppermost ilows are composed of basaltic pillows wiiicn

vary from less tnan a fcot to 2 feet in length and aave & 1little lhiematite

staining arounc their selvedges. For tne most part, the pillows have been

rmoved avbout too much oy structural deformation to provide accurate top

and bottom criteriae.

Although this vclcanic segrence is less tnan &0 feet tnick, it

(S

4

1s persistent for severel miles and, wituin its linits, provides a Jood

merker horizon traceable slong strike slmost to thie headwaters ol Wolf

Stratigraphically skove snc soutlivards of the volcanic flows
are interbedded red ana grey shales, beconing predominently srey anc
somewhat darker soulthwards. Tihcse shecles, in turn, are overlain bty almost
white auartzitces, similar to tnose found on tie northwest shore of
Penguin Arm,

Quartzites sinilar to those exposea along the shore outcrop
upstream in Baracr.ois Lrook. Here, the dark grey shales are hetter
exposed and are found interbeddec with the lower guartzite members, as
are tiose found at the base of the guartzites in Penguin Arm,

Tne section between Lonz Point and tne mouth ol Darachoils Brook

has meny features witich in

cate tuatbt its streticrapiiic position lies

Q,
|—JA

between the lowermost Tuumber Arm sedinents and tne cusrtzites, or threir
stratigraphic eyuivalents, which are partly cxposed along tiie nortihwest

shore of Penguin Arme
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The Western Sandstone Formatione.

The Penguin Arm limestones and limestone btreccias are overlain
by a thick sequence of dark grey to almost tlack snales and nudstones
whica give rise to zlternating seguences of grey and green shales with
occasional, somewnat widely spaced linmestone ancd sandstone beds. Above
tlie snale are thin to thickly bedded cliff fcrming sandstones whiciiy,
opposite Brakes Cove in ifiddle Arm, form an uninterrupted secuence of
beds 150 iect thick, Above these beds ars other scquences cf sandstone
beds which are separatecd by dark grey shales and silty brownish Zrey
shales. In liorth Arm, the sandstones are intcrbedded with dark grey
shales and dark greean pillowed volcanic flows. These sandstones and
shales, inclusive ol the volcanic {lows, are nerein called ti.e Western
Sandstone formation,

Generally, tais formation may be taken as lying between the
lowermost thick sequence of sandstonec beds and the mein body of the
Eumber Arm volcanic rockse.

The sandstones o. this {ormation are much different from the
Penguin Srm cuartzites both in composition and texture in ti.at tney have
a higiier proportion of croundmass, more detrital rock fragments, and
less rounded quartz grains than the Penguin Arn cuartzites, which are
more or less homogeneous, lowever, the "Wastern" sandstones heve
individusl veds whici saow great deviation irom what may ke considered
normal fcr the formation zs & wrole.

. B

A model analysis oi a thin section made from a specimen from
the lowermost beds oi thie formation provideda the following: gquartz grains
up to 1.1 mm, in diameter, 24 per cenl; shale fragments 9 per cent; basic

volcanic rock fragmerts 3.0 per cent; potash feldspar X2 per cent; soda
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and associated pyroclastics contain rounded sandstone peblles. To

a lesser extenl are founad rhiyolite flows, rhyolitic pyroclastics and
flow breccias, which are generally younger than the intermediate to
besic extrusive rocks.

Toward the base of thne extrusive assemblage, pilloved 1lows
and pyroclastics are intercalated with red, green and derk grey snalss
oi the Western Sandstone formation.

Tne upper and lower contacts of the intrusive messes warrant
attention becatse of their metamorphic sureoles.

The contact between the ultrabasic rocks, peridotite and
dunite, and the humber Arm rocks is marked Ly a distinct but relatively
narrow metamorphic auvreole varying in composition from a well-baked
Guartzite, wiere the sandstones lie in contact with the peridotite, to

M

a slightly garnetiferous amphibolite gneiss. The exact nature ol the

=]

contact-rock from whici. the smphibolite gneiss is ce

=

ived is in doubt,
but nearby are usueglly found basic extrusive rocks, shales and
intercalated sandstones., Some diopsice is commonly present near the
contact, the chief mafic minerals, however, asre hornvclende and

actinolite. The garnets appear to be almendite, tuoouzi near the contact

ent.

n

in ore locality the magnesian garnet, pyrope, secmed to be pre
The fact that tiwe grade of metemorpliism decrecses away from tile
contact suggests that the auvreole belongs to the ultrabasic rocks.

In conirast tc tie thin contact sureole oi the peridotites,
the upper contact beitwesn the gzabbro (bytownite gabbre in part) and the
basic flows is marked by the Ifsirly widespread devzlopment of granulite

amphibolite, oilten retaining crude outlines of pillows and volcanic
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Lrcce o Stoping is & cormon Il'eature near the g¢abbro contact.

The contacl auvreole between the ultrabasic rccks anda lLie
Western Sandstonc formation is faulted off elong the line of Llke Trout
Fiver ravlt so tinat the exlension ol the metamorpliosea zone 1s [ouna
approximately © miles to thie nortieast near the Illead of Trout River

I:ake °



CHAFTER &

SUITIARY ALD COMCLUSIONS
(Based_on lltuology and straticraphy)

Ampasmy

-

Tiig chapter is concerned with those litholozic and streti_raphic

features o the previously described rocks wnicn the writer considers

-

Lo be diagnostic of the environment in which they were deposited and
also what may be inferred from thnese features regarding their sources
of supply and to whalt extent lhey rellect orozeny.
There is considerable evidence to suggest tizt the Ibunt

Musgrave formation represents tile lower part of tine Labrador group,
but further studies are needed to confirm tiils assumption. lbreover,
it is apparent thet lihcse rocks strongly resemble those occurring
southwards in the Long Range and that,irrespective o the derres of
rmetemorpiism snown from place to place, 1lhey are one and the same

formation, Decause of tlheir widespr=ad occurrence it is most important
thet tneir relationship to the Labredor group Le proven, or disproven,
for 1f lhese rocks are part of the Lebrador zZroup, a Ilirm hasc is

provided for GLhe study of the rocks of Central llewfoundland,.
The Penguin Cove formation has meny features similar to those
the Fortealr formation of the Labrador sroup, includinz the ubiquitous
"tutten" slgae wuich occur at or nsar the top ol both. The formation
was not recognized with certainty in the scastern part of the thesis
arca aena where lithologically similar teds are {ound, such as in Falls
Drock, tney are nol slumped. owever, in otier localities, such as

nortn of Wiltondale end near Lonne Tay iz Pond wiere the Penguin Cove

]
)]
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Q

formation is =zesily recognized, scme outcrops also show little evidence
N 2

-

of slumping. t is, thereifore, likely tnet slumping waes not widespresacd
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Cove flank of ti.ls basin and thenceforth continued to grow westwards

as in a gradually deepening and widening basin witi its surface of
deposition never far from sea level and, if the abundance of drying

cracks on the surface oi the dolomite teds are considered, repeatedly

-

exposed to tine sun. At approximstely tihe time the upper member of the

Corner Brook formation was deposited, there commenced a period of

orozeny, mnarked by tne sliding of large blocks of dolomite into

unconsolidatied calcareous mucs of the late St.George and, to & lesscer
-

extent, early Table Head sediments in the Geocose Arm-fughes Brook area,

and by an erosional surface in the Port asu Port a riod
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oX orogeny commenced, the source of clastic materisl was from the cest

c
o
Q

and, subscyguently, this eastern "hinterland" supplied the clas
naterial for tlie upper part ol the Table rezd and practically the whole
of the humber Arm zZroup.

The early Humber Arn rocks contain pebbles wrich were

S

evidently derived from the lount lusgrave formation, indiceting that
erosion had either cut de:sply into tiue St.Cecrge group and exposed the
tount Masgrave formation, or that it was upliited in such a manner that
its strata were subjectea to erosion, It is alsc evident that some
erosion ied started in tihe Goose Arm area prior to the deposition of the
Table Eead group cutting rether decp trougiis or trenches. Thne ract that
much of the Corner Brook formastion is missing from the locality = short

-

distance south ol the Penguin ©Hills snd that the Table Head group there

e

s deposited directly upon the Hughes Irook formetion supports this
view,
The graptolite-bearing shales of the Table llead group were not

recognized as such in tie Goose Arm-ilugi.es Brook area. Iven il lhe






The Cow Head breccias, near the gravels of Port szu Port, nave
evidently slid over both iable Head and lumber Arm shales and conta
fragments derived from tne St.George group and possibly even the Humber
Arm group. It is suggestec that the breccias o the Pcert auw Port and
Goose Arm=Huglhes Drook ares are all related to tlie same stage ol one
OTOZENY o

The chearacter ol the Humber Arm sedimentary rocks reilects
the development ol a large delta system which obtained its supply of
clastic material from atl least two mein sourccs. One of these sources,
composed at least in part of the lount Musgrave formation, provided
much of the esrly material oif the mwnber Arm zroup and possibly
a considerable proportion oil' the later guartzites. The other source,

-

not in evicdence uvntil tne delta system had considerably grown, provided
the materizsl for the Western Sandstone formation, including Ifragments
of volcanic rocks and guartz and [eldspar grains.

The earlier sediments and those of the Western Sandstone formetion
probably reilect difierent phases of orogeny. The earliecr sedimeunts
consisting ol shales, srkosic sandstones, g¢reywackes and peLlle-
conglomerates, including larze blocke of limestone from tne 3t.George
JZroupy indicate an orogeny which began during, or slightly prior to,

Table lieaa time. The sedinents oI tne Western Saendstone formation
sugrest a sccona orogenic phase associated with volcanism but also with
tiie exposure oif a scurce of zrikosic sedimentse.

The cdepositional envirocaments o the earlier Humber Arm sediments
have many features whicn are similar to those of the Western Sandstone

-

formetion with tie important cexception thst toe earlier sediments centain



[og

the large "landslide blocks!" whica indicate tc some axtent a clirfed
shore envircmment, a concept wiilcn is supported by the lact that these

-

tlocks slid or fell into sediments

-4

sposited ncar tlic surface. Tne
earlier enviroameunt may be considered as a complicated one, the later one
as more or less stralghtiorward.

Any attempt tc determine tne cliaracter of {the early Humber Arm
enviroament must account for the following factorss 1) the almost
sim .taneous deposition of klack shale in one locelity anc coarse,
poorly sorted material in another;2) the rapid deposition of areywackes
and tlheir protection from currents capsble of winnowing them;3) tihe
presence of almost pure sandstones interbedded witi: shales and greywackes;
4) the inclusion of large stbangular tc encular blocks of St.George
limestone in botl: tne shales and sandstones; 5) the presence of both
drying-cracks zndé current bedding in the sandstones.

Teken together, these factors indicate sz predominantly slow
rate of supply of the [{ine clastic material ol the shales, which was
interrupted from time tc time by the flooding=in of coarser materizl
suci: as are contained in the pebble conglomerstes and greywackes, [ron
a nearby source., In some localities at certain times, the predominating
creywacke type of sediments was sulbjected to wave action which had the
effect ol both soriting the grains and winnowing out a high proportion
of fine=~grained materisl ana, or, detritus Irom the carbonate rocks of
the St.George croup.

After the initial stages of development, thie delta system touk
on & more characteristic aspect. Channels were croded out and into
these cobble congleomerates were deposited, in otncr localities the topset

beds were well preserved, For numerous drying-cracks are found in nearly



)
K o

any cf trne larger quartzite segiences. Some beds shew evidence for

1

botn erosion and consolidation during intervening periods, after which
sedimentation recomnenced.

Generally, tlhie whnole aspect of the Fumber Arm sediments suggests
tniat nesr-surface ccndilions prevailed for most of its development and,
if so, therefore because the thickness of the Humber Arm sedimentary

1
rocks is over 6000 {eet 1 of depcsition must have subsided wow
It is possible tunat the orogenic phase suggested by both the
sediments of the Western Sandstone formation resulted from t:re
disrupting force of this great thickness of sedimentary rock.
Detween the depositicr ol the !bunt Iusgrave formetion and

. €09
the finel stage of Humber Arm sedimentation, a number of paleog;apnic

cianges occurred and these are ra{lected in tne type of sediments
deposited. Tne graph on page 33 shows trhe results o the modsl analysis
of thin sections from eazch of tlie main clastic divisions. Inasmuch as
Was possible tne ressults are represented in stratigreaphic order, the
left side of tne grapli representing the bottom and the rizht side,

[

the tope.









5.

The Goose Arm Archoe

This name is given to the general structure between Gld
Man's Pond anc Penguin Arm. The structursel trend of the arch is northeast
and southwest. Along the soutneast 1imb of the arch are interbedded
limestones and dolomites of the St.George group whic , in part, arc
overlain by rocks belonzinz to the Penouin Pills "Overthrust." he
northwest limb is composed mainly of rocks of the Raizlan lHecad member.
Older rocks of the St.George croup are uplifted toward the axis of the
arch. Superimposed upon the overall structure are the anticlines of
Penguin Cove and Window Pond, and the Gocse Arm syncline. Tie
entire arch appears to plunge under the Fumber Arm group to the
soutiwest,

The Window Pond anticline.

Tlie core of this anticline is composed mainly of highly
deformed shales and slates, in part with well developed axial plane
cleavage, These sediments were first bvelieved to belong to the [umber
Arm group but, upon further investigation, were allocated partly to the
basal beds of the Penzuin Cove formation and partly to the argillacecus
member of the Mhunt Musgrave formation,

These shales are overlain on bollr 1limbs by a thin sedquence
o interbedded limestones and colomites which, in turn, i rise

straticraphically upwards to the "button" alcae beds viich occur toward

o

the top of the Penguin Cove formation. These beds were used to
determine the structure of the anticline.
The northwest 1limb of the Window Pond anticline is overturaned

and dips between 70° and 209 southeast, the southeast 1limbk etween

25© and 40€, and together, tiiese attitudes indicate the as; metry of
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the structure. Northeast along the axis of the enticline, towards the

nead ol Goose Arm, the Penguin Cove formation plunges under the St.Gesorge

sroup. MNorthwest ol the overturned limb, tie interbedded limestones
and dolomites of the Raslan Fead member nave been sgueezed outwards
from the west {lank of the anticline. Zast ol 0ld ilan's Pcnd Frook,

alons the linc of Window Pond, the claestic rocks ol the Penguin Cove

formation nave been sgueczed upwards and mucii of the limestone nas beon
1

>
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thinned out so that, in places, only a relatively thin vene
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to mark their originael stratigraphic position telow the St. Georges
dolomite., Alsc, along the northwest limb, ihe overturned beds are

marked by numerous small faults wihich strike in a NUE direction and at

.

an angle of about Z£5° tc the axis ci tihe anticline. The less competent
shales have teen partly squeezed into tuese feults so that in places
trie shales have Leen brought into contact witn trne lowermost dolomites

of the Gt. George gZroupe.

The Goose Arm syncline,

No exposures oi tine Penguin Cove formation are found between
those of Cld Man's Pond ELrook and Penguin Cove. However, small cutcrops
ol' the Hughes DBrook formation are found toward the base ol Raglan Fead,
indicating that tihe dolomite passes under the waters of Goose Arm,

It is unlikely thnat Goose Arm represents a fault of any Jreat displacement,
The sediments on both sides of the arm are similer and ol =pproximetely
the same stratigrapnic position.

The Penguin Cove anticline.

The structure of this feature is less complex than that of the

Window Pond anticline. As in the latter structure, the Penguin Cove
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Head limestone on the crest of tie anticline are, for tne most part,

too erratic, however, to be significant except where gtatistical

je

studies have been carricd out. For the most part, the zttitudes of

beds on tnae crest of the anticline indicate a squeezing out ol less
competent limestones bLetwesn relatively more competent dclcemite beds =
a feature similar to that aescribed on tie crest ol the Penguin Ccve
anticline. It is possible that the apparently great displacement along
tnis Tault may be attributed to the thickening of incompetent limsstones
on tne broxen crest of the anticline and that subsecuent distortion may
nave brought the 3t.Gecrge limestones and the pre-=St.Gzorze limestoncs

together,

The Uign Knob Syncline

This featiure has temn tracec from shortly scuth oi the IIumber
itiver northwards as far as the Hughes Leke Foad., The most perfect
exposure of the syncline is found on the cliffs norti: of the Ballanm
Eridze woich crosses the liumber River near Humbermouth. Here, it is
readily seen that the syncline is ssymmetricael and that its axiel
plane dips approxinatecly 50° to ©0° souvtheast. The zastera limbh of
the syncline is formed by the transition zone between tlie dolomites of
tre lughes Erook formation and the limestones of the Corner Hrook
formation, whilst the western limb lies in fault contacl witn tne east
limb of the Wild Cove Valley anticline. The trougn rocks (which may
be observed from the higwsy south of the Tumber River) consist of the
lower to middle nembters c¢f tie Cecrner Brook iormation.

The faulting alony tre west 1limbL of the syncline is of special
interest as it rellects a2 common deicrmational patlern rcﬁnd tnroughout

tine area. Further, it has special economic implications wherc it extiends
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mast of hughes Erook, the lineament is secn to cut turough
the dolomites and limestones ol the St.lecrge croup and, farther
castward, tarough botin the limestones snc zlastic rocke oi' the Reluctant
ead and rount Muszgrave formations. South of the lineament ir this
area tie claer dolomites of trne St.George group and the shely limestones
ol tne Reluctant ticad formation are exposed, whesreas on the nortn side,
and almost direclly opposite, are younger rocks, tiiose oi thwe Corner
Broclk formation including the upper dolomite member.

Tarther cast, where the Reluctent lLicad limestones arec exposed,

chhiielly east of the dolomite cutcrops, lhey dip coniformzitly under the

et

dolonites o1 the St.George group cn the scuth side cf tle lineament,

and somewhat similar structural relationsinips zre scen on the north sidee.

The only epperent horizontal displacement is approxinately 3200 feet.

cver, & saort distance east o Iiis locality and cn the north sic
However, snort distance st of this 1 1ity and c¢n the north sice
ol the lineament, snaly 1imestones ard shales ol the Relictant mead
formation occur, which are stratigrephically several hunaredcs ol feet

below,

From the above observations, it is pessikle to conclude that
thie rocks south of the lineament were uplifted in relation to those on
the north., However, the apparent displaocement of the upper dolemite
menber a little east of Hurhes Drook 1ndicates s westward mcvement on
tl.e south side of the lineament. The actual displacenent o the south
side is, nowever, unknown, for only in a fcw localities was tae fault
zone i1tself observecd. 1In tle stream west cof [lucies Lroock, it is
narked by a 25 feet wide calcite vein in wiaich are disrupled dolomite

and limestone teds. East ol hughes Trook, the Javlt zone is nmarked only

Ly occesional slickensides on vertical favll planes,
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the dolomites and limestones. Shearing is most intense along the south

b

shore of the Last Arm oi bonne Bay and decreaszs souvtuwards from the

shore. North of t.e Bast Arm, the shcar eflect on tle arez is represcnted

by small localized fault zonss, wnicii, in conjunction with numerous
tuough localized shears, Impart & secondary cross—sciiistosity to the
erall area.
On tiic basis of conventional stress analysils sucnh an overall

R

shear efiect would not be attributed to a simple uplii

- (‘- ~ ]

oI Tae
crystalline rocks of the Tong Zance but to a northwestward movement of
tiie crystalline rocks waich possibly carried with tierm a portion ol the

Labrador series overlying them,

Summar of tiie history ol del

Theoretical considerstion

vefore sumrarizing tine history ol deiormation, it is necessary

to make certain logical assumptions ccnceraning the reletionships between

.3 1

each phase of orogeny and the type of sedi:ents involved,

Because each phase of orogeny in the thesis area is related

. .

to sediments wiich have specific stratigrapitic positions, 1t is possible

5

within fairly fixed limits to relatively dete eacih phase and tc some
extent, wnere conposition and distribution allows, tentative conclusions
as to the types of deformation which occurred. In addition tc dating
deformations by related sedimentary types, it is also possible to date
later phiases of ororeny by structural superposition,

Factors aand conclugioigSe

row the character ci tne sedimentery rocke in t.e thesie ares
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The second type of occurrence, containing the ganzue minerals
pyrite, marcasite and limonite, was observed in only twc localities;
on the south side of Goose Arm, east of Raglan Head, and on the north
bank of Goose Arm Lrook about 1.5 miles rrom its mouth,

In the locality easl of Raglanr ‘lead, the mineralization
comprises a near-vertical northeast striking zore with a total width of
14 feet which has been traced along strike for approximately 300 feet.
Most of the mineralization, however, is confined to an inner zone 4.5
feet wide and only small patches of galena and sphalerite are found
over the remaining thickness., In the inner zone, the galenc and sphalerite
occur as small veinlels and pockets with marcasitce formed around the
sides of largely irrccularly shaped patches of pyrite. The limonite
appears tc be a weathering product of the pyrite and related to the
action of surface waters. A4 small amount of irregularly scattered
cerussite is also present.

The mineralized zone at Goose Arm Brook comprises a roughly
conformable lens in gently dipping dolomite about 60 feet wide which
is exposec above the ted of the brook for almost 10 feet up the steep
bank. The bottom of ihe zone is beneath the level of the brook. The
mineralization of this zone is gquite similar to thatin the locality
east of Raglan lead, but more limonite and marcaes ite are present.

Kvidence of considerable developnent work is present in and
about the Goose Brook showing. The remains of a well-timberec shaift
are found on the north bank of the brook about 60 feet above the water
level and other remains indicating the presence of an adit, apparecntly

aimed at the shaft, are found about 4 feet above the brook. A partly
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overgrovwn road about 12 feet wide runs from the head of the shaft to
Goocse Arm. The age of trees overgrowing the road and near the shaft,
indicate that the work was carried out prior to 1925,

Methods of prospecting employed.

Geochemical prospecting is well suited to the regional
envirorment and has proven useful in locating new lead and zinc occurrences
anc in delineating those previously known., The zinc being the more
mobile has a relatively wide dispersion in contrast to the lead which
shows little dispersion and is seldom anomelousgly enriched except
over the mineralized zones or nearby. This difference in *dispersion
has been a useful factor in prospecting for the lead and zinc over large
areasS. In any arca whers silt sampling has been carried out, an increase
in the grade of zinc anomalies in any direction almost invariably has
led to zones with high lead anomalies. Faving obtained high leacd
anonalies, trenching or detailed prospecting could be done suvccessfully
in areas which are masked bty overburden.

Generally, geochemical prospecting in this area was carried
out in twoe stages; one which, more or less, determined the possibility of
lead and zinc occurrcnces within the overall area, the other which led

to the immediate locality of a showingz. This procedure involved silt

sampling in the major streams and, to some extent, in their tributaries

¥ Work by the U.S.Geological Survey at the Union copper mine, Gold Hill
district, North Carolina, showed that the Zn:Cu:Pb ratio derived from

the weathering of sulphide mineralization is aboul 10:10:30 whereas the
ratio of the same elements in the urmweathered zone is 10:0.,6:2 with zn
absolute decrease in the zinc content from 4 to 0.04 per cent. I!ence

the order of increasing mobility of these metals is lead, copper, zince.
The relative immobility of lead may be an effect of the relative stakility
of calena as compared with other sulfides. Also, lead sulfate is less
soluble in édilute suvlflate solutions. Mreover, factors restricting the
notility of zinc do not make themselves felt until the solutions have passed
well teyond the acidic enviromment createc by the oxidation of sulfides,
(UeSeGoSe Bull. 1000-F 1957).
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and finally, if anomalous conditions were Iound, detailed soil sampling
on the sides of nearby hills. Several zones in the Goose Arm area

were found by these methods and, thourh none of these occurrences were
of economic grade, they served to prove the usefulness of the
gcochemicel technigue,

Possibilities of higher grede lead-zinc deposits in the thesis area and beyond.

The known lead~=zinc deposits are too thin and toc low grade to
be mined economically. However, economic depogits may vet he found in
which the lead and zinc minerals have been concentrated in one or morec of
the following ways:

1) By tight folding involving a repetition of the host beds and,
consequently, doutling the thickress of a nunber of zonesg.

2) By mechanical concentration in intraformational conglomerates
wnich passed through mineralized locality.

3) By epithermal veins in fracture or shear 2zorese.
L) By supergene enrichment,

Eecausc ol the widespread occurrcnce of the lead=-=zinc nmineral-
ization, the possibility of finding enriched or thickened zones is not
remote, and if the ceochenical methods which were efiective in the Goose
Arn area are uscd, little difficulty should e encountered in locating
theme

)

Origin of the lead-zinc deposits.

In an attempt to explain the origin of thie lead-zinc deposits
of the thesis area the following observations have to te taken into
consideration.

The lcad=-zinc deposits were only Ilound abtove the Penouin Cove

formation and either immediately above or below the dolomitic shales
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which occur within the St.George group where it overlies the Penguin
Cove formation. The more widespread mineralization shows no evidence of

iaving replaced any part of the dolomite beds and is confined uithin

0

definite strati

19}

‘raphic limits., I!Minecralization in the same stratigrapnic
position occurs near Bonne Ray Bis Pond, Wiltondale and near Gallants,
llear Gallants, however, the leacd and zinc occurs in veins which {ill
fractures in the dolomites o’ the lower teds of the St.George group, and
in tl.e Cambrian limestones.

From the inspection of polished sections of the gangue-type
mineralization, it can be seen that pyrite has replaced dolomite but i1t
may be also seen that numerous calcite veline in turn cut the pyrite.

In part at least, the pyrite was introducecd after diagenesis.

No ii‘neous bodies occur near thec mineralization.

In revicwing the possible methods by which the lead and zinc was
concentrated into zones, one might consider the following:

1) Primary deposition from the sea.

2) Primary deposition from sea water, but modified and
concentrated by regional metamorphisme

3) Criginal scattered deposition but later concentrated
by circulatins waters either moving upwards or downwards.

) Deposition from fluids of igneous derivation involving
hydrothermal solutions, volatiles or mctallic vapours.

Considering the above, deposition from the sea would appear
likely except for the tendency of the lead and zinc mineralization to
comprise zones in which are found, in addition to patches and pods of
sphalerite and galena, snall veinlets comprised of both metallic minerals.
Again, considering modification by circulating ground water, this method

does not seem likely because of the tightness of the dolomite beds,
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lowever, in favour oi this method, it is not improbable that the dolomite
teds were relatively porous for some time aflter the deposition. As
stated previously, deposition from fluids of igneous origin is unlikely
to have occurred because of the great distance from the nearest igneous
nasses, Moreover, it is further unlikely that solutions of igneous
origin would have deposited the leacd=2zinc within such well defined
stratigraphic limits over several hundrecds ol square niles., Of the
above methods the writer favours sedimentary deposition and subsecuent
concentration by solid difiusion resulting from low grade metamorphism.
The solid diffusion would possibly have taken place in a somewhat
similar manner to that described by J.E.Gill (1960). However, even if
the method of dry ion migration (or solid diffusion) as shown possitle
by Gill!s experiments on copper, was a factor in the deposition of the
lead=-zinc mineralization, it is difficult to envision such a deposit
being free of cognate waterse.

Industrial Minerals and Materials

Riprap

The limestone in the locality of Dormston Quarry, located to
the east of Corner Brock, has besn used successfully as riprap. The
stone, which is a dark grey to black recrystallized limestone (marble),
has been successfully broken inrto blocks with dimensions oif over 2x10x10
feet with only a relatively small proportion o!f small unusatle blocks.
The same type of stone outcrops in the Corner Erook formation not far
from the mouth of ughes Broox and would protakly break into blocks of

similar dimensions. Some of the massively becded dolomites of the
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Corner Erook formation in the T'umber Gorsce and Hughes Trook Valley,
thoughk probably of slizhtly diiferent specilic gravity, wouldé also
provide stonc of similar dimensions ana suitable for similar purposess.
Practically all the limestones and dolomites of the area,
after crushing, could be used stccessfully as rutble. In view of the
presenl rather unsuccessiul use of glacial materisl for this purpose
in West Newfoundland, the extra cost of crushing and genersl preparation
ol limestcone would probably even out costs in a relatively short time.

Dimensional, building and ornamental stone.

The limestonss in some localities may be suitable as dimensional
stone, the darker limestones ¢! the Hughes DRrook locality miznt be used
successlully for the cruder building stones when taken from the less
sheared and contorted arease.

Marble from the Dormston Quarry locality was reported by
Walthier (1949) to take a gocd polish,

Chemical uses.

The limestones of the Corner Drook formation in the Hughes
Brock=Goose Arm area and the Table head ;roup in the Pori zu Port
area are in part chemically suitable for the prcduction of cement.
In Goose Arm, however, the attitudes of the limestone beds and kigh
proportion of interbedded dolomilte would make quarrying costs tooc high
for transshipment to nearby ports. Other localities in the Fuches Brook
area provided suitable thicknesses of limestone which mizht ke used 1if

low cost transportation was available,
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Tiie most likely sources of higch [rade limestone, low in
10, were found in the Table Head group near Port au Port. This area
has already provided limestone for the manufacture of calcium
tisulphite dissolving liquor for use in the pulp and paper industry,
and dolomite and limestone for use as fluxes in iron and steel
nanmufacture.

Other likely socurces ol limestone anc dolomite for chemical
uses are found in the upper beds of the St.George group in the Tast
Arm of Donne Baye.

Pottery Clays.

Clays suitable ior pottery manufacture occur as outwashings

from late Pleistocene deltas in the general area of kRumber Arme.
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Drawmgs of thin sections
From bhe S€.George qrouyp
airnd Table Heac/ qrove.

Fiq. 7A

Fig 5A. Raglan Head 1rerm ber.
@ Oolomite crystal/s outlining fossil alqae.
@ Heimatbite storned solvbion cavity.
@ Dolom it e crystals ‘11 shell remmant.
@ Finely crystalline clovds, possibly Fecal pellets or psevdo-ocolrbas.

® Acogregate of calcrte cryséals,

F.q €A Raglarn Heod meimber.
@ Dolomibic laminae i1 Finely sheared very Finely crystallmrc Ilrimesione.

Frqg7A OQOolitic clotomite From base ofF St. George qrovp
@ Foorly deFined colpte wirth gornec/ cdolorniite crystals b cerére
ard smaller crystals at run. @ COolibe From samme s/ide showmrg zorec!
cddo/omibte atcentre cric/ overgrowlth ofdolomibe cl well definec rime.
® Partial replocement ubl rim. @ Lolomite overgromth  butb wel/
clefihed corcenbric strvctore relammee,.- B Large recryséalliyec’

calcrbe grarn.
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