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Abgtract

The Cambrian - Iower Ordoviecian rocks studied in this re-
gegach program ocour on Bell Island, Kellys Island, Little Bell
Izland gnd in the lower Mammels River valley in the southeastern
pext of the Coneeplion Bay ares, Eastern NWewfoundland, They inelude
the Webens hematitic colite deposite, The Oambro-Ordovicien sequence
of the gbovemuntioned aress is eomposed of relstively mmetamorphoged
foeniliferous ghele and sandstone, with intercelated and interbedded
bede of hematitic oolite, The ore and itts host rocks are congidered
to be primery, shallow-water, marine sedimentz; with the ore owing
ite exigtence to both physicel and chemical procesaes.

Microfoegsails discovered in thie research program have
affintties with previously described Buropean forms and are the
firsl f£inds made in Newlfoundland, Professor Van Ingen in 1914
sugpested 1n an abstract entitled 'Cambrian and Ordovieisn fagunas
of southeastern Wewfoundland'!, thal 11 the Cambriasn and Ordovician
feunas which oecur in the Avslon Peninsulz are relsted to the
Welsh - French facies rather than to the interior North Aperican -
Northern Scottish facies, sand the pregent study provides additional
evidence in favour of his proposal.

In the gtratipgraphic division of the Lower Ordovician
rocks of Bell Island, the writer has found it necessary to lower
the gtatus of the Wabena Group to formztionsl level, In sddition,
thr=e ney formational names gre propoped: Folle Head Formstion,
Tovmsguare Formation, and Airfisld Formgtion, for strabsl units
of Pell Isleznd Group, Finally, it is proposed that the Webans
Pormetion is conveniently divigible into Lowwr, Middle =nd
Upper (Grebes Negt) Members,

Structurally, the mapped areas sre uncomplex, Tilting,
accompanied by minor faulting and loegl slunmping, hes effected
the Danbro-Ordovicien rocks., Brosd folding of the etrata in popt-
Ordovician time resulted in the development of a regional gymclingl
structure in sonthern Conception Bay.
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CHAPTER 1

INTRODUCTION

Location

This thesis is concerned with four occurrences of Cambro-
Ordovician sediments in the southeastern part of Conception Bey,

Eastern Newfoundland (see Figs. 1 and 2), namely:

1) the lower Manuels River valley (Coordinates
47318, to 47°32'N. and 52°56.5'W and
52°57.5'W. ),

2) Little Bell Island (Coordinates 47°33.5'N.

to 47°34.5'N. and 52°58'W, and 52°591W,),

3) Kellys Island (Coordinstes 47°32'20"N, to
47°33107N. and 53°00'0"W. and 53°02'W.), and

4) Bell Island (Coordinates 47°35.6'N. to
47°39.5'N. and 52°54.7'W. and 53°02'W.).

Together, these four occurrences cover an area of about 16,5 square

miles,

Purpose of study

The objectives of this investigation were to study in
detail the lithology, stratigraphy, and paleontology of the Cambro-
Ordovician sequence within the region outlined above, Special

emphases were to be given to micropaleontological investigations,

& d =
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and detailed geological maps and sections of the four separate areas

were to be prepared.

Field work and accessibility

Geologic field work included in the present study was
carried out during the summer months of i965. Mapping was done on
the following scales: 2.5 inches to 1 mile on Bell Island, 5 inches
to 1 mile in the lower Manuels River valley, and 10 inches to 1 mile

on Little Bell Island and Kellys Island.

The section in the lower Manuels River valley is exX~
posed only on the steep banks of the valley which are accessible
on foot, except at times when Manuels River is in flood, from the

6

Conception Bay Highway (Ffig, 2).

" Little Bell Island and Kellys Island (see Fig. 6) c.a.n
be reached by chartered boat either from Manmuels Long Pond on the
southeastern shore of Conception Bay or frpm Lance Cove on Bell
Island, Of the four beaches of Little Bell Island the two
narrower ones on the southern and northern sides are the bes?
landing places. Kellys Island is accessible from all five of its
beaches. Two small level areas situated on the southeast and the
southwest corners of the Island provide the best camp sites. The
writer mapped both Little Bell Island ané Kellys Island during a

Period of 8 days in August 1965 from a tent camp erected at Kellys
Island,



Fig.3 Showing Manuels River and Conception Bay.
Part of Little Bell Island and Bell Island
are also shown at distance., View N
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Fig.6 Bird*s eye view of Little Bell Isiand (left)
and Kellys Island (right) from Lance Cove,

Bell Isiand., View S
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Bell Island is served by a regular Car and Passenger
Ferry from Portugal Cove on the eastern shore of Conception Bay.
The Island has a well-developed road system from which every point,
apart from the coastal cliffs, can be reached on foot with com-
parative ease. The coastal cliffs were investigated along their
base, using a boat, as well as from the top using fixed ropes for

security.

In all four areas the stratigraphic sections were
studied and measured in detail, and all accessible exposed parts

of the sequence were examined,

Areas concerned

An area of 0.18 of a square mile was studied in the
lower M?nuels River valley (see Figs. 2 and 4) where a section
of about 1,000 feet of gently dipping, fossiliferous Cambrian
rocks uﬁconformably overlie the Precambrian Harbour Main group
and Holyrood granite, A basal conglomerate measuring about 18
feet in thickness is exposed at Manuels River highway bridge.
Fossiliferous Cambrian beds occupy the lowland which extends from
Topsail Head beyond the western boundary of the map area on
Conception Bay. The best, almost a continuous, section of beds
is found in the lower part of Manuels River valley where rocks of
Lower (?), Middle, and Upper Cambrian age are exposed., This
Section has been the object of detailed investigation by many
of the leading students of the Cambrian since T.C. Weston's first

discovery of fossils there in 1874.



In the summer of 1965 I collected shale samples from the
different beds of the gorge section of lower Manuels River valley
and in these discovered microplanktonic forms (Hystrichospheres),

which are the first recorded find from the lower Paleozoic of New-
foundland.

The Paradoxides beds of the Cambrian section at lower
Manuels River valley are of unusual interest, first, because of the
detailed geological work that has been done on them by members of
four geological expeditions from Princeton University especially
by B.F. Howell in 19193 and, second, because a large percentage of
the species of fossils occurring there are found also in con-

temporaneous beds of northwestern Europe.

Except for lower Manuels River valley area the sedimentary
rocks of the Cambro-Ordovician sequence have been divided into
Wabana Formation and Bell Island Group (see Fig. 32). The rocks
of the latter group occur on Kellys Island, Little Bell Island, and
are found in the northwestern part of Bell Island. About 700 feet
of shale and sandstone of the group are exposed on Kellys Island,
about 230 feet on Little Bell Island and some 1,500 feet on Bell
Island. Although the base of the Bell Island group is unexposed,
being covered by the waters of Conception Bsy, nevertheless an
estimated thickness of 4,000 feet for it has been given by A.0. Hayes,

ittle Bell Island and Kellys Island cover areas of 0.18 of a square
mile and one square mile respectively and lie about 3 miles south
of Bell Island,



Bell Island covers an area of about 16.5 sguare miles and
in general consists of varying gray sandstones and shales, sandy shales,
shaly sandstones with beds of red brown; hematitic oolite, greenish
black sandstones and moderately to highly ferruginous sandstones and
shales. The strata are present in the form of interbeds, inter-

calations, and broad lenticulations of varying thickness.

During the course of the fieldwork, it became appearent
that it would be worthwhile to revise the rock-stratigraphic units
proposed by Van Ingen in 1914 and by E.R. Rose in 1952, In this
thesis the Wabana Group of Rose has been lowered to formational
rank, but Bell Island Group has not been changed. I have sub-
divided Bell Island Group into three formations to which I have
given the following new names, from oldest to youngest: Polls Head
Formation, Townsquare Formation, and Airfield Formation., In addition
I have proposed that the Wabana Formation is conveniently divisible

into a Lower Member, a Middle Member, and an Upper (Grebes Nest)

Member, These new rock-stratigraphic units are defined later in this
report,

Previous work

d.B. Jukes in 1839 was the first geologist to note the

Presence of shales at Manuels, and he referred them to the

Colour names given in this thesis are taken from the Rock-Colour
Chart distributed by the Geological Society of America, 1963.




npelle (sic) Isle" division of his "Upper Slate Formation',

Alexander Murray in 1868-69 was the next geologist to work at Mamiels.,
In his first published results of this investigation the beds at
Menuels were mapped as belonging in the "Calciferous" division of

the "Lower Silurian" (Ordovician) Quebec group (Logan, 1865, p. 15,
pl. 1) but he did not succeed in finding any fossils in the Mamuels
River beds. In 1874 T.C. Weston found fossils in the Paradoxides
beds in the valley of Manuels Brook identifying a species of

"1icrodiscus®.

Dr. C.D. Walcott (1884) correlated the Paradoxides beds
at Manuels with those at St. John, New Brunswick, and with "the

lower part of the llenevian" of the European section.

Important field investigations were carried out during
the summers of 1912, 1913, and 1914, by rofessor Gilbert Van Ingen,
Dr. A.0, Hayes, Dr. N.C. Dale, Dr. A.F. Buddington and B.F. Howell,
all of who studied and mapped the rocks =t lManuels and collected
more than 3,000 fossils from the Paradoxides beds. Again in 1919
Howell examined the Paradoxides beds in the valley of Manuels River

and collected about 7,000 fossils from them,

Perhaps next we should discuss the studies of these
pioneer investigators in a little more detail, During the years
1842 and 1843, J.B, Jukes had made a general survey of the geology

of Newfoundland and in his report (pp. 81-82) the following

descriptions are founds
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"0n the southeast side of Kelly's Island a mass of
tstone in many beds, having a total thickness of thirty or
:gfzir‘by feet, rises into the middle of the cliff... « In Little
Bell Isle, as well as in Bell Isle iteelf, several bands of
similar stone exist, but none of such thickness, nor in so
favourable a situation for working, as in Kelly's Island."

In his report for 1868, Alexander Murray (p. 157)
described a section from Manuels brook across Kellys Island,
Little Bell Island, and the west end of Bell Island from Lance
Cove northwards. A general geological survey of the Cambro-
Ordovician of Conception Bay was made in the summer of 1912 by
Professor Gilbert Van Ingen and Dr., A.O. Hayes, with the assistance

of B.F. Howell of Department of Geology, Princeton University.

In 1945, Dr. D.lM. Baird made a preliminary survey of
Kellys Island and summarized his findings in an unpublished report

entitled Notes on the Geology of Kellys Island.

In the Nineteenth Century anchors for sailing ships
were made by Irish settlers by enclosing the heavy "red rock of
Bell Island in frames made from small fir trees but no one
realized the significance of these weighty rocks until many years
had passed. Finally late in the Century the economic significance
of the iron ore was recognized and Bell Island property was
acquired by Messrs. Butler of Topsail, Newfoundland, from whom

it was purchased by the Nova Scotia Steel and Coal Company in 1893,

A description of the development of mining operations
wWas given in 1909 by R.E. and A.B. Chambers;and in 1911 an article
by Mr. Thomas Cantley reviewed the history of the mines, and des-

eribed the ore beds and mining methods used in their exploration.



The following few lines have been taken from Mr. Cantley's paper:
¥During the summer of 1895, when the mines on Bell Island
were being opened and preparations made for large shipments of ore,

Mr. Thomas Cantley gave the locality the Indian name "Wabana" which
means 'The place where daylight first appears'."

(26: Bs5).

In his paper on the iron ores of Newfoundland (p. 751)
Mr, James P. Howley gave an estimate of the approximate amount of
ore stating:

By the aid of the dip and strike of the strata, where
accessible, it is possible to form a fair idea of the extent of
the trough, and unless some unforeseen disturbance takes place,
whereby the ore may be greatly diminished or thrown out altogether,
and provided the bands maintain their thickness and stratified
character throughout, the result arrived at reaches the enormous

total of 3,635,343,360 tons, I shall not hazard an opinion as to
the amount that may be recoverable."

On the other hand Mr. H. Kilburn Scott, M.I.M.M., of
London, in 1909 (26: p. 7) estimated the tonnage of the ore on
the property owned by Scotia Company to amount to about 652,500,000
tons, and total recoverable ore, deducting the waste in pillars,

through faulting, and poor zones, at 395,525,000 tons.

Mr, Elwin (sic) E. Ellis and Mr. Edwin C. Eckel also
have estimated the reserves of Wabana iron ore in an article entitled -
Xhe Steel Corporation Dissolution Suit, according to the Iron Age
of October 16, 1913. Edwin E. Ellis, of Birmingham, Alsbama, a
former geologist, of the United States Geological Survey and
Tennessee Coal, Iron, and Railroad Company, estimated the reserves
at 3,250,000,000 tons allowing for workings 5 miles long.
"Edwin C, Eckel testified ... that in Newfoundland

zhere were 3,500,000,000 tons of economically available ore with-
B a radius of 5 miles of Bell Island." (26:p. 8).



The geology of Wabana ore, with reference to its origin,
has been given by Dr. A.O. Hayes in 1911 in Memoir 78, of the Geo-

logical Survey of Canada, 1915, entitled Wabana Iron Ore of Newfound-

1and. Professor C.K. Leith and Dr. R. Beck grouped them with the

glinton ores as primary sediments,

Dr. G, Berg submitted his findings on Wabana ores in his

manuscript report entitled Petrographical Studies on the Micro-

gtructure of the Wabana ores, Berlin, May 5th, 1923.

Dr. A.O. Hayes' further work on Cambro-Ordovician sequence

was published in two papers: Further studies gf the origin of the

Habana Iron Ore of Newfoundland and Structural Geology of the

Gonception Bay Region, and of the Wabana Iron Ore Deposits of

Newfoundland, in Economic Geology Vol. XXIV, No., 7, November, 1929,

and Vol, XXVI, No. 1, Jamuary - February, 1931.

In the summer of 1961 William M, Jordan, a graduate
student of Columbia University, New York, measured in detail the
stratigraphic sections of the cliffs of Bell, Little Bell, and
Kellys Islands. His field notes were not made available to me
until after I had completed my field work, and they have not been

used in the preparation of this thesis.

Geomorphology and Quaternary geology

Drainage

In general, the areas are poorly drained owing to the

fact that they are covered with a mantle of drift of varying



thickness left by an ice sheet, or sheets, which advanced over the
areas during the last glacial advance in late Pleistocene time,
Another contributing factor is marshy land which retains meteoric
webers, especially in the eastern and western part of Bell Island,
significantly preventing the development of an efficient drainage
system.

The only major drainage area is in lower Manuels River
valley where the river contributes clastic material to the

southern part of Conception Bay.

Relief

In general, the areas have low relief with an average
altitude of 180 feet above sea level, and slope gently northward,
The flat-topped surfaces of Little Bell, Kellys and Bell Islands
have altitudes of about 75, 175 and 300 feet respectively. The
lower Manuels River valley has a maximum altitude of about 100

feet ranging down to sea level,

The surface areas, especially on Bell Island, Kellys
and Little Bell Islands, are interrupted by occasional ridges,
hills and valleys. The ridges and hills are made up of resistant

sandstone rocks, and the valleys are a reflection of underlying
shales,

Glacial geology and geomorphology

Almost all the areas are covered by a fairly thick mantle

of glacial drift. Good exposures of till are found along the top
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faces of clifi sections as high as the grass line; as well as in
road cuts, artificial pits, and building excavations. This material
is unsorted and is composed mainly of clay, sand, and boulders,
renging up to several feet across., Drift is found, especially well
exposed, in a section at the mouth of Mamuels River. The drift has
a characteristic light grayish-brown colour, becomes a paler shade
shen dry but turns dark brown after a rainfall., In Manuels valley
the drift material was found to range from 1 to 20 feet in thick-
ness, 1 to 2 feet in thickness on Little Bell Island, 1 to 5 feet
on Kellys Island, and to vary up to about 4 feet in thickness on
Bell Island., Boulders, cobbles, and pebbles of Precambrian

granite and rhyolite are common in these areas. ©Some of these

show glacial striae.

Due to active wave erosion Kellys and Little Bell Islands
have been cliffed on all sides and remain as erosional remnants of
a series of formerly continuous gently-dipping sediments. On the
southeastern corner of Kellys Island there occurs a cusped spit
made up of boulders, cobbles, and pebbles constituted of varying
types of sandstone derived from the nearby cliffs which border a
lagoon. The surface of the Island is crossed by linear cuestas
and hollows marking either underlying resistant sandstones or

soft shales, These cuestas can be seen near the southern cliffs

of the Island.

The surface of Little Bell Island is nearly flat except

for the west-central part which reaches an altitude of up to 100
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feet above sea level, As at Kellys Island the rocks have been
cliffed on all sides of the Island, and also locally border a
lagoon on its southeastern side. Little Bell Island is covered
with a blanket of glacial drift from 1 to 2 feet deep through
which sandstones crop out at several places. The blanket of
glacial drift can best be observed along the cliff tops, where
wave erosion has produced good sections from the upper limit of
bedrock up to the grass line, Glacial erratics came mostly from

Precambrian rocks occurring on the nearby mainland,

On Kellys Island a thick blanket of glacial drift
(from 1 to 5 feet deep) covering the Island can be observed
along the cliff tops especially at the northern corner. Wave
erosion has resulted in a cliff section and a blanket of glacial
drift can be observed along the edge of the cliff reaching from

bedrock up to the grass line.,

According to Stuart E. Jenness (30: pp. 174-175)

"eee ice movement throughout the peninsula was from the higher
central areas coastward. Because of the unusual configuration
of the Avalon coast line, the ice masses commonly moved in
opposing directions on either side of the long bsys. This has
certainly happened in Trinity and Conception bays and presumably
also in Placentia and St. Mary's bays. It follows therefore
that centers out of which the ice flowed on the Avalon peninsula
lay along the spines of each of the four narrow peninsulas.

W, F, Summers (1949, unpub. M,Sc. thesis, McGill Univeristy) hes
suggested the existence of three former centers." (see Fig. 5).



CHAPTER II

Geology of Lower Manuels River Valley,
Little Bell Island, and Kellys Island

About three thousand feet of unmetamorphosed sedimentary
rocks underlie Bell Island and dip about 9 degrees to the north-
northeastward. The horizontal distance across these strata from
the Cambrian conglomerate on lower Manuels River valley to the
highest beds on Bell Island is about 8 miles, of which approximately
3 1/2 miles is beneath the waters of Conception Bay (see Fig. 2).
Exposures of Bell Island group occur on Kellys and Little Bell
Islands midway between Manuels River valley and Bell Island, and
constitute a thick section of over 1,000 feet., Bell Island group
sediments were deposited either as interbeds, intercalations, or
broad lenticular beds of varying thickness and extent, Individual
minor lenticular rock units characteristically thin out within
distances of 10 to 100 feet, although some of them are more continuous
laterally than others. Cross-bedding and ripple marks (interference
and symmetrical type) are very common within the sandstones indicating
that they were deposited in marine sea waters so shallow that wave
effects were able to disturb the sea floor sediments, Sedimentary
rock units varying in thickness up to 200 feet, composed of sandstone
and shale layers, are exposed on cliff faces. The ore beds of Bell
Island show features common to shallow water tidal deposits, and
&pPear to have been deposited usually in thicker individual layers

then those of contiguous rocks, The thicker beds of hematitic oolite,
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commonly accompanied with greenish black sandstones, are the most

competent rock units found on Bell Island.

The oolitic iron ore and ferruginous sediments occur
within four formations on Bell Island. These are given in
stratigraphical order and described in Chapter III. The relation-

ship of these formations is shown in accompanying tables in that

chapter.

Lower Manuels River valley

The Avalon Peninsula, on which Manuels River is situated,

is composed of a complex of Precambrian igneous and sedimentary rocks.

The oldest rocks among the Precambrian, described by
Buddington as the Avondale volcanics, are overlain unconformably
by the Cambro-Ordovician sequence at Manuels River southeast of

Bell Island.

Outcrops of rhyolite are present south of Manuels River
bridge. Holyrood granite and a Paleozoic basal conglomerate are
found below the bridge and younger Cambrian beds follow in
Succession northwards downstream. The dip of thePaleozoic rocks
is approximately 10 degrees northward. No major faults or thrusts

were detected anywhere in the section of the valley.

The rhyolite (see Table 1) of the Harbour Main group
)]

constitutes the oldest,rocks of the section, and varies in colour

and texture from place to place. The greenish-gray colour of the
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volcanic rocks of the eastern bank of the River gradually grade
into chocolate brown towards the western bank. The rocks
characteristically are composed of light brown phenocrysts of
feldspars in an aphanitic matrix, are highly jointed in N.70°W.,
¥.30%E., N.60°E., N.50°W., and N.75°E. directions, and probably
are intruded by the Holyrood granite. Beginning at Manuels River
bridge this granite is overlain by an 18 foot thick conglomerate
bed composed of pebbles and cobbles derived from the adjacent
Precambrian rocks and cemented with a silty and siliceous matrix,
The conglomerate is coarsest at its base and overlain by a thin
bed of pinkish blue limestone which is partly argillaceous,

pyritiferous, and silicified.

Overlying the limestone is a shale which grades upwards
into a hard grayish-red shale bed of about 2 feet in thickness.
It is overlain, in turn, by a 6 inch bed of red and green shale
which grades upwards into a 1 foot thick grayish—pufple lime-
stone which is nodular, pebbly, and pyritiferous in character
and contains fragmentary fossils including trilobite exoskeletons.
This is further overlain by olive-gray shale beds containing
occasional black nodules as well as specimens of Paradoxides and
microplanktonic (?) forms (see PlateVIII, Fig. 13) and having a
total thickness of about 30 feet. A stratum of medium dark-gray
shale measuring 6 inches in thickness and containing flattened
black oval nodules overlies the fossiliferous shales. The next

youngest strata are hard green shales which contain occasional



manganiferous calcareous nodules. These beds measure 2.6 feet in
thickness and grade upward into a unfossiliferous variegated

manganiferous shales in which are found occasional flattened
nodulese.

-Above these beds are found the lowermost beds of Howell's
Paradoxides bennetti zone (see Fig. 7). This zone has a total
thickness of about 230 feet and is made up of medium dark gray
4o dark gray shales with thin olive shale interbeds. An angular-
pebble sandstone bed, 2 inches in thickness, is intercalated with
the shales and exhibits occasional disseminated pyrite crystals
and anhedral grains. These shales of varying character are des-
cribed in Table No., 1. This zone is highly fossiliferous and
fossils collected from it have been listed in the same table.

A Middle Cambrian age has been assigned to it by Howell, based on

the contained trilobite fauna.

The next overlying beds are included in the Paradoxides

hicksi zone by Howell. The beds are medium dark gray to dark gray
shales with a rich Paradoxides fauna but devoid of hystrichospheres.
The zone is about 35 feet thick and Middle Cambrian in age according
to Howell. Overlying it is a 30 foot thick zone termed the
Paradoxides davidis zone by Howell. It is mainly dark gray to
&rayish black shales, ranging from soft to hard, pyritiferous, and
fossiliferous with trilobites, hystrichospheres, and brachiopod
shells (Ecorthis bellicostata ? Walcott) in nodular beds (see

Table No. 1), Fine grained sandy, micaceous, clay ironstone



m_ T 1
Lable NOe

Upricht Secltion of CGzubrian Beds alon: lower lMamuicels River (see liep No. 1)

Unit Thi cf'..»:lj.f;— ss
Yo. Fectl

Overlyins strats, covered with slluvium and drift.

12 Orusiz lenticularis zonec

Shaley dark grsy, non-calcareous, fissile, soft,
parbly micacsouss Bal'blsphaerldium parvispinum
Defle indre, B. mlcrocladv" Dovmie, " Micrhystridium

g

rhopalicum Sarjeant, i, pa.rv1spinum Daflandre,

';_;,. arlnCOSplc'lI(ll-D:-_landl‘e ® 00 06000000 es0 00 Pes0eesssvOaGOS 50

i nostu ElSlfOI‘mlS ancd Olenus zones
SL % ); dark gresy, non~cslcareous, fisw.i;'.'e,
sof‘b, _'_:',;u....'ff, interbedded with sandstone (30%)
derk grsy, non—calcsreous, fine~greined, micactous ceeee 450

10 Paradoxides davidis zone
Shele; medium dark gray to grayish black, non-

slcareous, figsile, pyritiferous, hard but also
occasionzlly soft, contalning fine-grained sandy,

ticaceous clzy ironstone lenticles and sometines
coneretions common ywilh lower surface, noduler,

ich in brachiopods; Eoorthis bellicogtata?
mlcof by Micrhystridium parvispinum Defl: dre v
iie .parincosgicuum D:—:fl:_ra_-:'-;_-, Paradoxides davidis

S  Paradoxideg hicksi zone
shele; medium dark gray to dark gray, non-
calcareous, fissile, occasionally pyritiferous,

soft and hard varieties; Paradoxides SPe sccscccsmescaces 35

& Paradoxides bennetti zone
ohale; medium dark gray to dark grsy with
occasionzlly interbedded olive she les of 1/2

to 1 ipch in thickness, occasionazlly calcareous
L some places, hipghly fos=iliferous zone, and

fienile; Acadagnostus acadicus (Dawson), Bailiaspis s; Do,
Ba_‘l.llas_'gls howelli ifutchinson, Dikelocephalus Z?; SDe s
digcug punctatusg (Salt=r), Comerochu; minoxr
(Walcott), Andrarian globicens jaculator (lowell),
Paradomdes davidig Salter, P ailhania cf,

barthouxi (li=nsuy), Peronogs:.s Acad nostus)
e II":-‘

jiir=4

matthewi (Hu'bch1 1son}, Peronopsis cf. f. guadrata

(Tullber:), Peronopsis (Acadsgnostus) scutalis

(Saliter in M cks), Protolenug (Bergeronia) eleg S,

Sao hirsuta .o-_rrande » Syspacephalus 1atlcegs Eg_s_;e'b'bl,
stgaceghalu . Syspacerialus tardug itasetti,

Agnostus ElSlfOI‘ml L CSRIS o anlal o be bt bibil bbehshoioss LB




- 2] ==

Thiclneags
Feet

Shale; dark cray bo medium derk gray with oceasionsal

3? thiclk beds of olive ghale which abt places contaln

Bhlack nodules, fossiliferous and occagionally

pyritiferous. A 2" thick bed of brecceous pebbly

szndstone occcurs in between the sheles .csesesescscssssces 105

Shale; medium dark grey to dark grey with occasional
blaclk nodules which sometimes contsin mangisnese con-
fents, Tfissile. These sghales have thin lanses of
limestone and gray sandstone, in some places inter-
I bedded with 1 to 1 1/2' thick olive-coloured sheles
congisting of bleck nodules and rare fragmentary
i t:‘ilobi‘bBS; Paradoxldss Spo? ee0csecsevrvocnccc0scac-0s0se e 25

7 Shale; red and green, unfosgsiliferous, mangeniferous
+h OGEE.SiDnIE.l fl&".’.‘bl’:‘:t’l&d mﬂul&.'i‘ e ee0s00s00606000 0000000 lo

Shzle; green, hard with occasional manganiferous

calcareous nodules © 00000000 00csr000000000000000000000s000s 206
Shale; medium dark gray, non-calcareous, fisaile,

with more or less flattened oval NOAULES eveecsssssressnee 0.6
Shale; olive grsy, non-calcareous, with occasionzal

blzeck nodules; Paradoxides 8p., Microplankton? c.ccccecsecece 30

& Limestone; grayish purple, noduler and pebbly,
pyritiferous, with occasional 3" thick pyrite

V‘B—ilﬂ.sg fr:’l&ﬁlﬂllti‘:.',}r fﬂﬁﬁj.ls S@ce0en00s00oTs 0P 00O ROOCsOOOOS i

5 Shsale; red and green, partly calcsreous, hard, paertly

fiSSilE 9 © © © 9O O OO OGO SO OO O 9GO OO0 OO PSS OO SO O eSS ST S0 0.6
Shale; grayish red, non-cszlcareous, hard, partly
fiEEilG ® ® % 6 60 00 8 8 OO0 OO s SO O 0D S eSO S0 OC00 OGO OSoe om o0 oS 2

Olive shsleg olive gray, non-calcareous, partly fissile,

4 Limestones; pinlkish blue, partly shaly, pyritiferous,
par‘ﬁl’h— Eilicified S ® @ 0O 0000 SO O 2O eSO e S P O s T 0 00000 ?

3 Conglomerate; medium grsy, non-calcarsous, coarse
grained with pebbles and cobbles and angular frag-
ments of quartz, chalcedonmy &and rTHFOlite cesccescscccsom 18

2 Flutonic rocks (Precambrisn)
Granite; grgyish pink, leucocrsbic, medium to coarse
grained, with phenocrygte of pinlk feldsSpal ceececccccocss

L

1 Volcanic rocks (Harbour Main Group) (Precambrisn)
Bhyolite; chocolate brown, fine grained, porphyritic
with phenoecrysts of light gray modic plsgioclase
end fregments of volcanic rocks, occasionally
flo‘#hded ® ® & © O OO0 OO0 O GO0 OB SO OO OB OO0 Ee B O OO O e s a0 09 e

l\:



D =22 000 s

jenticles and occasional concretions are common in the shales,

This zome is of Middle Cambrian age according to Howell.

The Paradoxideg davidis zone is overlain by a 450 foot
thick zone called Agnostus pisiformis obesus énd Olenus fauna
gzone by Howell., It is made up mostly of soft dark-gray paper
shales (about 70%) with interbedded dark-gray sandstones (about
304). The zone is devoid of hystrichospheres, and is Upper

Cambrian in age according to Howell.

The overlying youngest zone was called Orusis lenti-
cularis by Howell (see Fig. 8) and is made up of soft dark gray
shales containing hystrichospheres. It is of Upper Cambrian age
according to Howell, and constitutes the uppermost zone of the

gorge section at the valley.

Little Bell Island

On Little Bell Island are found about 230 feet of un-
metamorphosed and almost undisturbed sediments which are best
exposed in cliff faces and dip 9 degrees to the north-northeast-
Haid. These rocks fo}m part of the Cambro-Ordovician sequence
and occur on the eastern limb of the syncline which occupied part
of Conception Bay (see Fig. 9). At the location of what is now
Little Bell Island and Kellys Island a great thickness of sediments
Were deposited in an early Paleozoic ocean basin which later under-

went depression by progressive subsidence.
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Fig.8 Photograph showss exposure of Orusia
lenticularis zone of Dr.Howell at left
gorge, Manuels River area. View N
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Pig.9 lower strata of the Pollss Hemd Formation
(alternating sandstones and shales) at
southwestern coast, Little Bell Isiand.
View N



Sedimentological and paleontological evidence from

Little Bell Island sedimentary rocks indicate they are of shallow
marine origin (see Fig. 10).
Table No. 2 shows the succession of the different

types of sedimentary rocks exposed in the Island cliffs and on
its surface.

The sedimentary beds of the section, mostly sandstones
and shales, were measured on the northern, southern, eastern and
western cliffs of the Island, The table also lists important
microfossils discovered by the writer during the course of this

investigation.

The sandstones. normally are either light olive gray,
light gray or medium gray in colour with well-sorted quartz grains.
~ At some horizons the sandstone beds are partly quartzitic. They
usually occur as interbeddings, intercalations, lentieulations
and partings in the shales. At the southern cliff secfion are
found slabby sandstones which could be used as excellent building

stone,

The shales are light to dark gray, soft, partly silty
and contain'conspicuous amounts of mica flakes on bedding surfaces,

Some shale 5eds are fossiliferous containing hystrichospheres.

Along the southern side of the Island the cliff is about
100 feet high whereas the northern end is only about 50 feet above

sea level.



Table No. 2

‘Section studied in detezil on Little Bell Islend, (Locelity 419 F
b. ﬁﬂm No. 2), from top to bottom, the sequence is as follows:

Thieckness
Feet

-Bv‘erlyiné gtreta, covered with alluviun,

16, P BSandstone; pals yellowish brown, non~czlcareous,

fine grained, massive, hard, This member con-—
stitutes the topmost part of the sequence at
m-h-tle Ben IﬁlE—lld ® ® @0 © 0 & 60 0 5 8 500 00 PO S OSSO eSO SO O 5

0 Sandstone (100%); lizht olive grsy, non-cslcareous,

"~ fine grained, massive, partly micaceous, highly
jointed (produces loose slesbs in the rock exposure

in the c¢liff of the northwestern coast), with
occasional intercslations of € inch thick

Erﬁyiﬂh—olive Saﬂdstnne beds 0000000000000 c00000 0 30

D' Sendstone (100%); dark gray, non-calcareous, fine
Eraiﬂ-ed, micacaolls " ® 0 0 & OO0 00 O 0 OO O 0O s Ol OB O OO e o o 3

W Shale (60%); dark gray, non~calcareous, goft,
figsile, interbedded in upper part with sand-
stones (40%). The shale in coatact with sand-
ﬂtﬂnﬂﬂ grﬂdes inte Silty ﬂhale eseececonosssccssosos 1603

‘M Sendstone (80%); light olive gray, non-calcareous,
medium srained, jointed, the joint planes cone
stitute a rhomb pabtern, fossiliferous (with
brachiopod shells); at the contact with shale
the rock shows shale pebbles up to 1 inch long
and 0,6 inch thick, interbedded with shale (20%);
;iﬂEulellg ibicus Wélcﬂﬁt e v 00 ccec00s0cssss 000 2?06

L', L8hale (70%); medium dark grsy, non-calcareous,
goft end fissile; Baltigphaecridium brevispingoum
(Bisenack), B. microspinosum (Lisenack)?,

Micrhystridium stellatum Deflandre . lejeunei
Stoekmans and Williere, Archaeohystrichosphaeridium,

EQIEEELEEE%EEE% sp. indet.
Sandstone (20%); medium grsgy, non-calcareous,

medium grained, micsceous, with very fine mica
flakes; rock occurs in form of interbeddings,
intercalations and lenticulations with shale eceeeeces 40




Thieclkness
Feet

Sandstone (100%8); very light gray, non—calcareous,
@micacaous, the joinbs contain secondary quarts
velng up to 0.6 inch in thickness, This sand-
storne occurs in lerge slabs and is guitable for
biilading CONBLINCTLON wewersis overe orone'e g Sionis mesom one sissemnin o

Sandstons (100%); medium grsy, colcareous, medium
grained, micaceous; with 6 inch thick coating of
fermﬁimﬁ m’t"b&r ® ©® © © © ® 5 & 6 ¢ O O O OO0 ST O " O G O &V OO O OO o0 1

Sandstone; gimilar to H bub intercslsted with 1
inch thick sandstone, medium gray, soft and Righly

Iﬂicacaous " e © ® © © & ® © 0 0 ® OO F " OO BT O O S OO OO OO SE S T O OO0 00 0o 17.5

Shale (75%); medium zrsy, non-caleareous, highly
nmicacecug, soft, fissile snd panery, interbsdded
with gpendsbtone; Leiofuss tumida Doymie,
Archseohystrichogphasridium, indeterminste form.

Sandstone (25%8); light gray, non-csalcareous, Tine
grained, baended with very fine tmscovite lskes,
current bedded with interferesnce and symmetrical
mipple merks; the rock is partly iron stained
WiEE . ENaXUALATEIONE] —wwe s slaiciicecs Snoss o ovsmshe s winipde bl ginbd- 43

Ssndstone (1008); ligsht pray, non-calcareous,
medium grained, partly sorted, rarely npebbled..
The pobbles rangeo NP 1o 1 INth 1ODE scemmimsscasssvns (o3

Shele (60%); medium dsrk gray, non-caleareous,
soft, fissile, interbedded with sandstones,
Sendgtone (40%); lisht gray, non-calcarecus, fine
grined, symmetricel ripple DATES .ceccesevsssscsccnne M5

Sandstone (100%8); similar to D, but interbedded

with 6 inch thick bed of sandstone; medivm gray,
non--calcarecud, micaceous, agymmetrical rippls

marica-an AN HURtE canis (Jiebs ais o bl 8 neeslibasasas 8.9

Shele (65%); dark gray, hon-calecareous, soft,

28pery, with worm boringe and bubeg, interbedded

with sandstones; Veryhscliium rhomboidiui Downde.
Sandstone (35%8); li_ ht .roy, non-calcareous, {ine
grained, micaceous, banded, occurs in form of

interbeds, intercalations and lentiecles,; current

bedded, symmetrical ripple meris (miniasture), with
ocecasgionnl bklne brachicpod shell fragments ccceecceccea 11




Thiclness
Feet

Sandstone (100%) s medium gray, celcareous, medium
greined, micaceous with non-cglcareous dusky

brown ferruginous costing. This sandstone grades

upward imbo non-calcareous type with pebbles

(2 ems. long) which are ferruginous, silty and
;mi_ﬂ'-aﬁmg S 6 S 6D O NGO LGN IiNBGOEOELSNOGOEORORES"Gas0Gsc0cBee 6

Bandetone (50%); light gray, non-calcareous, fine
ined, partly micaceous, current beddsd, inter-
haﬁﬁed'wiﬁh sheles, can be used as building stone,
Shale (50%):; lizht green, non-cslecareous,
micaceous and PapeI’y seecsscsssssssnasscssssscscscsannes L0

Sendstone (50%); medium gray, non-calcareous, Tine
grained, partly micaceous, banded, current bedded

with minisbture interference ripple marks, cccas-
ionally occurs as scour—-and-£ill structures or

balls in sghsales interbedded with shales,

Shale:(50%); dark gray, non-calcareous, 80lt and

papexry. These gtrata are present abl the foot

G-f Gliff -"Ilil-ﬁ"..I‘II,‘.O.l'l.-l‘I.ii'..'HOO...... 6
{sec Pocket Pigy Wo. 16).
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The lithological characters of the sandstones and shales,

nich range from non-calcareous to partly calcareous, are shown in

mle HD. 2.

Kellys Island

The various units of the sandstones and shales of the
cliff section of Kellys Island were measured in detail especially
aloné the eastern coast of the Island. On the Island are found
sedimentary rocks measuring about 700 feet in thickness which
have been divided into nine members in this report (see Map No. 3).
Dr. Hayes (1911) has proposed that the rocks of Kellys Island are
part of a Cambro-Ordovician sequence forming the eastern limb of

a syncline occupying the southeastern part of Conception Bay.

The sandstones are similar to those of Little Bell

Island, In general they are 1igh£ to medium gray in colour, are °
made up of well-sorted quartz grains, and have a microcrystalline
texture. The constituent grains vary from angular to rounded in
shape and are well cemented. The sandstones occur in the form of
either interbedded or intercalated lenticles, roll-up structures
(see Fig. 11),0or thin partings within enclosing shales. The more
massive sandstone beds range in thickness up to 20 feet. Some
light-gray sandstones of the southeastern and southern part of

the Island could provide excellent building stone.

The shales range in colour from light gray to black and

_&re soft. Some of the shale units are silty and sandy, and the



Fig.1l0 Symmetrical ripple marks in medium gray
sandstone, northern coast, Little Bell Island.
Top of picture north. View from above,

Fig.1ll Photograph shbws:a sandstoné bed with roll-—up
and rounded structure at northern coast,
Kellyss Isiand, View E
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remainder contain conspicuous amounts of muscovite flakes on bedding

surfaces. Owing to high percentages of mica, certain silty shales

are finely fissile. Most of the shale beds are highly fossiliferous

and contain species of Lingulella and hystrichospheres. Fossils are
less common in the arenaceous shale beds than in the non-arenaceous
ones. In the southern coast cliff section the thickness of the

ghale series, which contains some interbedded sandstones, is about

100 feet.

Some of the sandstones occur as 1ensesfinterbedded with
shales (see Fig., 12) but the thick-bedded massive members are con-
tinuous, with only local thinning, over the whole Island, However,
the thin-bedded sandstones are of more limited lateral extent, The
details of the measured sections, especially for the eastern coast
of the Island, are shown in Table No., 3. The sequence (see Fig. 13)
shown in the table was measured along the shoreline from the
southern end (near the southeastern beach),-along the northern and
eastern coasts of the Island, up to the top of Big Head Cove (see
Mep No. 3). The top beds of the sequence occur in the gliffs between
Martin Cove and Big Head Cove, and along the base of the cliff at the
beach on the southern shore. The sequence, except for the upper
70 feet, is exposed at low tide along the eastern side of the Island
and is readily accessible, but along the southeastern, western and
north-central coasts of the Island considerable small boat work and
eliff climbing is necessary to gain access to the different horizons

of the sections.



- =

Tenkicle
Fig.l2 Showing a sandstone.in dark gray papery
shales, eastern coast, Kellys Island,
View W

Fig,13 Part of studied section No.420 at
southeastern and. eastern coasts,
Kellys: Island., View W
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As in Little Bell Isl&fid, the Kellys Island sediments

also exhibit evidences of shallow water deposition (see Fig. 14).

Three sandstone beds (see Table 3, 420, S), with a
-
compogite thickness of approximately 8 feet through a total
stratigraphic interval of about 32 feet, contain about 50%

chamosite and are highly ferruginous.

The shales and some sandstones, especially at localities
Nos. 420, R to 'a! along the eastern, southwestern and northeastern
coasts, are highly ferruginous. At the latter two places iron con-

tent of the beds result in iron-stained groundwater springs.



? .&_...-.:i:u; Fa o -

Fig.1l4 Interference ripple.marks in a
gray sandstone bed, northwestern coast,

Kellys Isliand. View SSW

Fig.1l5 Showing northeastern coast cliff section,
at the base of which an organic (medusoid?)
fossil impression was found in sandstone, -
Kellys Island. View NNE



Table No, 3
Section studied in detail on eastern coast of Kellys Island

1ity No. 420*k_tnft, see lMap No. 3); from top to bottom, the

g is mse Tollowss

Thickness
Feet

Overlying strets, covered with slluvium and drift.
Eelly's nine members:

Sandstone (95%); medium dark gray, -slightly calcar-

eous, fine greined, partly banded owing to very

fine mica flskes, massive, jointed, interbedded

with shaless
Shele (5%); medium gray, non-calcareocus, softl,

papery. Thege strata constitute the top of the
sequence between Martin Cove and Big Head Cove,

oL Kollys JHIEEE et st i s s bs nid s St dnEdons ¢ adspessas A

Shale (50%); derk sgrey, non—czlcareous, sofi,
interbedded with sandstones,
Bandstone (50%); light gray, medium grained e¢ccceecceecs 50

Sendstone (100%); medium gray, poorly cslcareous,

fine urainea ® & @ & 0 O ° O O SO S OSSO OSSO0 S S 00 " OO s 00O e oo 4

Eelly's eight member:

Shaly sandstone (50%); dark gray, non-calcarsous,
miceceons, fissile, with brachiopod ghells and

worm tracks, interbedded with light gray sand-

stones (50%5 which in their upper parts show

current bedding, and interference and symmetricsl
RAYDIe MATESR saessdbiessslisasasisitrssidtsalsaesscphns W

Sandstone (100%); li ht gray, pertly calcereous,
medium grained, with very fine mica laminations c.eee 5

Shale (50%); dark gray, non-calcarecus, soft,
interbedded with sandstones.
Sandstone (50%); licht gray, partly calcarecus,
and medium graimﬂ @ e e0 e 0000000000000 c000000scn0sBRGee 21

Sandstone (90%); medium gray, non-calcarsons,
fine grained.
Shale 1’0%); dark grw, Boft, DEPTYY eceoenscosccscoscocse 4



Thieclkness
Fest
E 8hale ({:Ofﬂ); dark gray, very poorly calcareous,
figeile, papery, interbedded with sandstones.
Sendstone (40%); medium gray, non—czlcareéoils cseseccccs I
i Sandstone (100%); medium licht gray, non-calcarcous,
fine grain with blue fragmentary brachiopod

;
ccasional shale pebhbles ssssavcssssnscses 20

e Shele (80%); medium gray, non-—calcarecus, silty,
interbedded with sandstones,
Sandstone (20%); medium gray, hon-calcareous, and

fine L—-‘—'raiﬂad ® ® © 0 000 00000 OO s e O O OO G OE O LSO SO0 e o0 e e 308
d Sandstone, shely sandstone and shslej

Sandstoney dark grey, non—-calcareous, fine grained,
jointed; worm burrowed, with interference and
synmetrical ripple marks, occurs interbedded with
daerk grsy shaly sandstones and laminsted darik

=

ETEY ShE'.:Les ® 800000 e00 00 cteco000erseees0sP RGOSR OOLES 103
c Sandstons (100%); dense black, non-caleareous, fine

grained, occurs as lenticulation with 0.6 foot
long shsle pebbles and blue fragmenbtary brachiopod

Sglells ® @ ® © © 90 & s & O 00 O O O OSSO O SO OO OO P N O e S0 e e 0 106

b Shale (60%); dark grsy, non—-calcareous, sofs,
occasional worm borings; Leiofuss _jurassica
Cookson and Eisenack?, Vervhschium rhomboidium
Dovmie, Baltisphassridium brevispinosum var. nanum
Deflandre, B. brevispinosum ver.” Winlockensisg
Dowvnie, Z. microcladum Dowvnie, lMicrhystridium sp.,
M. stellcstum Deflendre, 7 Cymatiosphsera sp. indet.
Sandstone (40%); medium gray, non-calcarcous, fine
Lreined in albernating 1 foot thick beds: upper-
most l.6 feel thick horizon is very rich in blue
Draguentaty brachiopod SHells sssewssdvednasdsnnsaene Beadl

Kelly's seven member:
Sandstons (95%); medium gray with lizht greenish

tinge, interbedded with ghsles.
Shele (58); medium gray, non-calcaresous, silty,
micaceous, with asymmetrical ripple marks and

‘ml’rﬂlﬁol‘ir‘-\;s ® @ & 00 &0 ® O " S O " S S OO OO OO OO OO OO OO e PO S GGG J—l

Kelly's pix member:

o

Z Sh'ale (60%); c'iarl_: gray, non—calcareous, silty,
micacecus, fisslile, hard with worm borings,
occursg interbedded with sandstones.



- 36;—

Thickness
Pecst

Sendstone (40%); medium grsy, non-celcareous, fine
grained, bandsd owing to layerings of blue frag-
mantar:f ]:I'-'::E‘hiopﬁﬂ 3}16113 @00 e0ve0essets00e0000c0ccsoe 203

Sandstone (100%); medium dark gray, calcarenus,
fine greined, banded owving fto blue Frogmentary
brachiopod ghell concentratlons and very fine
mica Tlakes layeringE .cssvecccsssssescsnrsspbifvngsnn

e
°
-

Shale (60%); dark gray, non-celcarecus, interbedded
with sandstones.
Sandstone (40%); medium dark grey, non-cgloareous,
T i s B LT T o AT RN o1 AU ————————— L. e

Kelly's five members

Shale (100%); dark gray, non-calcorecus, DEDSTY;
* Yervhachitim eof, formopum Stockmans and Williere ..... ©.8

Szndstone (100%); dense black, non-celcarcous,
fine reined with blue fragmentoyy lLrachiopod

Sheljdﬂ ® ® 0 9 O & OO 09 O 0 OO OO P E SO O F G O e SO OO0 O OO s O s 00 O e 00 1.6

Shele (70%8); derk gray, ocours interbeddsd with
szndatones,

Sendstone (30#); ocours in mediwm preay, pale—
grecnigh and ferruginoug derk-brown colours,
non-calcareous, fine grained, present in form of
lenticulatione and intsrbede. Two disc type
(nmeduseoid ?) organic fossil impressions were dis-
covered in sandstoneg which ars medium dark gray,
partly shely, nmbicaceous, symuetricelly ripple
mariked and current bedded; the strataare up to
3 inches thick (e Hifs 15)eecssves snesvoossbassssas ABabd

Ssndstone (75%); pertly cslcarsous, medium gradned,
occurs interbedded with derk grey shales {(258) ciceee

O
L ]
)

Shcle (70%); dark gray, papery, interbedded with
sandstiones,

Sandstone (30%); medium gray, non-calcarcous,

ocoasionally bended dus to concentrabtiong of

very fine mica flakes, fine grained ..ceccecessccecccos 379

Sandstone (70%); medium darlk grsy with greenish

tinge (owing to chamosite), partly calcareous,

enc ferruginous, Tine grained, current bedded,

ocenr interbedded with dark gray sheles (302) cececee 549




!’n! 'T"‘—. W s ==X =
3 FR SN el wyl 2 e h
t e ==
E‘n. il LS
nt Sheale (,"P‘)j dark gray, non-calcareous, ccoccur
interbedded with medium dark rray sandstones,
Sandstone (40%); symmetriezlly ripple marked,
current bedd r—d; with brachiopod shells; ILinrumlells

ibicus Walecott

L . o s -
Sendstons (80%);
tinge, the upper
in colot i, 4 :11:,,;-

e

?"'\I"I""\'[‘"I|‘]'LL‘_‘ S—J.

20. )

G @0 00 0 0 00" 0000 VOSSO0 S OSSN0 0T CE SO BeNeS

medium dark gray with greenish
r 1.6 feet are medium dark gray
rbedded with dark gray shales (20%):

s _a_J;_b_J;S_an.erldlum SDa »

L. brevispinomus var, nan i Deflandre, B, brevig-
Pinosum vsr, wsnlockensis Dm-m.ie, Micrhystridiun sp. 7.8
« Shale (595'5}; medium dark gray, non-calcareous,
fisells, 1 iéhl.f foseillferous with seversl species
of Lingulella and one urud-_nu__f'l .3_ i-?r__,_ox.i Le
pygidiam, interbedded with sandsto a (50%);
Wbt gray, nan—calc;-reouq, but 4 f et thick sand-
stone bteds in uppermost part are medium daric sray
with greenigh tinge; Linculells jbicus Walcott,
L. fosternontensic (But‘l'-s), L. moosensis Walcoll,
L. concinna liatthew, L. waptaensis Walcobt,

H.let +I-1e1r ® 8 @ 0 ¢ O 9 O OO O O O S OO OO TS Ot SO OO 0SS s e

Lell-rte

four member

P Sandstone (1!:'.'_*,;) medium gray, non-—calcareous,
medinum _,I'clhE'L"l, micaceous @ 0000000000000 sevenoncesee 15‘5
o o & & S
Sandstone (50%); dark gray, non-czleareous, Cine
Erained, partly lenticulsr grades up i ““'0 sond-
gtone similar to O- interbedded with derk gray
P-}-lr:l':‘:'s (:’:O%), oo L"-'Ollr.__]_ [} E'.. J{-: _‘:u- sa T'Jl:t.r--"'C]llL'
-~ - — b r
c.'110'1ﬂ"u101-‘-5 ® © 0 ° © 0080 F 0 ¢ 00 0C 0060000 esCOL SO OGCESSISISOEOEOOES 7.I_.
Rellyt's +hrees members
Sandstone (85%); light olive Lray, non-calcareous,
fim—:— rained, occasionslly ghow lenticulszstions in
its lateral extension, in nterbedded with shales (l.J,u};
dark gray, NON=-CalCarcousS, DADETY cesececsssasscacass Poet



o O e

Thickness
Feet

Bhels (70%); dark gray, non-calcareous, Dpapery,

with scour-=nd-fill struectures of ecurrent—

bedded sandstones.,
Sendstone (30%); medium dark pgrsy, non-calcareous,

madj—‘i-n:l &.I.E‘iileﬁ ® 9 © 08 6 0 0 0B 2O O 0 6 S S SO SO S OGP OE OSSO Be SV e 17.;‘
Sandstone (1ON¥); light gray, non-cslecareous,

fing grained, BIBOIT Jointed Ldiebesessbecdiohes ot 1.3
Shale (GOE); darlk gray, non-calcarsous, papery.
Sandstone {40%}; medium gray, non-calcarsous,

nediug greined; FioAcBOIE 24 b4 sedsnetnantedes obn s 18.4

Sendstone (90%8); lisht olive grsy, non-calcarsous,
fine grained, with shale (10%8); dark gray, non-
c&lca—*‘eous, Paxﬁw ® ® & 0 & 6 00 OO "0 " e 0000 O 000 00 b 000 0 0o 10.8

Shale (80%); darlkt gray, non-calcareous, papery,
Sendstone (20%); medium dark gray, non-calecareous,
medium graineds; in upper part occur as lenticles
(3 to 4 inches long and upto 1 inch in thickness)
in S.."LE".-]_E bolﬂiBS P@c000sesro00000000c0006c00s00c000008® ) 7.2

Sandatone (100%); light olive grsy, non-calcareous,

Sandstone (100%); light zray, partly calcareous,
medium greined, micaceous, show rolled and
row?—ded stnlﬂturos ® © ® & 0 9 9 80 ° 0 S S e s PO T SO O S e s 0 00 O e 1.6

Shele (75%); dark grey, non-calcareous, pepeIry,
inberbedded with medium gray, fine grained sand-
Etozl@s (25:‘:”) ® 6 © O 08 O 0O 0 O O T o 0 O OO OO OO S seO O 0 s e e 0 B 8

Sandstone (758); medium lizht gray, non-calearsous,
fine grained,

Shale (25%); dark gray, non-caleareous, penery,
osccasionally show scour-asnd-fill sandstone

structures up ¥o L2 inches in length cccecoccccsssie 5.9

Shele (80%); dark gray, non-calearecus, soft and
panery, interbedded with sandstones;
Bglbtispheeridiom brevispinosum var. nsomun
Deflendre, B. brevispinosum var. Wsnlockensis
Downie, Miprhystridium stellatun Defl=ndre.
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Thickness
Feet
Szndatons (202)3 medium grainsd, non-cslcareocus,
EELCROETIIHE o autieie 5 ol onons 8 5/ Ruor anonbae a5 b:ia. i o okose: buorane: phi=auxb: o) Sloxe s & M-B

J Sandetone (100%); medium grey, non-calcarecus,
F_J]d Ee'dium ;r'ﬂined ® 0 0 0 006 8 08 00 s e 00 0SSsE e eSS 10.3

Sondstone (100€); similar to 419 (0) of Iittle
Eﬁl—l Iﬂlmd ® @ @ © O 8 O 0 OO SO OO I DY S E VOB SO 90O e e e OB O T Se eSS 21.1

Eelly's two member:

H!' Sandgtone (80%); medium dark grsy, non-calcareous,
medium grained, micaseous, interbedded with ghales,
Shole (208); dark gray, non-calcareous, pepery and
fossiliferous; Lingulells chapa Wealcott, L. ibicug
Walcoth Oy L =“93‘t&mn.'bang 53 'h'bs} R R A N R 5.7

G Sandstone (708); medium light yray, non-calcoareous,
fine grained, micaceous, intorbedded with 1.6 %,
thick sendabones heving rolled =nd rounded
structurea.
Shele (308); dark pray, non-calcarecus and 80Pt ...ee L7

"y

Sendstone (80%8); medium grained, non-caleareous,
fine grained, with roll-structure, rock is inter-
bedded with ghales,
Shale (20%); dark gray, non-celcareous, sofi;
with 6 inch long sandetone concretions;
w&m Welcott Sescceccccss0000s0csacsnsee 19.3

E Shale (60%); mediwum gray, non-czlcarcous, soft
and figsile, occurs inoterbedded with sandsiones.
Sandstone (40%); medium grey, non-csleareous,
madium grained, mlcaceous, up to & inches thick .... .0

D Sandstone (95%); the lower 1,9 foot thick bed ip
medium yray, non-calcareousg, medium grained,
micaceous and banded, the upper 1.7 fool bed is
light gr=y, poorly calca:'eous and is pimilar to
219 {0) of Little Bell Island., The pandstones
are laminated with shale (5%);

Vervhaehium gp., V.7 _i_,rrebulm Jelkhowsky,
“al“‘is*ﬂmarid:.‘lm SP., 2. longispino aunm (Bigenack)?

. brevispinosunm var, jfenlockengis Dowm.a s an I\ 4 & 3.7




Thiclmess
Feect

c Shale (80%); dark gray, non-calcareouz, soft and
pepery, interbedded with sandstones; Lingulella
fostermontensis (Butts).
Sandstone (20%); medium gray, non-calcareous,
micaceous, medium grained, occurs as lenticular
apd Tounded EEIMIETHYER saespeipsnsassrameisn s s s nesny el

Kelly's one members:

B Sandstone (95%); similar to 419 (0) of Little Bell
Island, but occasionally shows its cherty nature
and shale laminations (5%) of medium gray colour;
Iinciells 3hlicig WalOOEY issvaswnssnyurs dnuns pumans 2fss)

A Shale (80%); medium dark gray, non-calcareous,

goft, fiseile, with brachiopods(Lingulella),

and worm trails; interbedded with sandstones;

Veryhachlun 2p., Baltisphaeridium brevispinosunm
(Bisenack)., '
Sandstone (20%); medium gray, non-calcareous, fine
grained, micacsous. The stratz are exposed in

the lower part of the sequence and extend under

the beach along southern shore of Island ..ceeceeceasss 100
(see Poclket Fig. lo. 16)
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Retrocranhv

Lower Manuels River valley

Precambrian Rocks

Precambrian basement rock most probably provided the main
gource for the Cambro-Ordovician sedimentary rock constituents and
therefore it appears appropriate to include a note on the nature of
the Harbour Main volcanics and Holyrood granite which flanked the

Lower Paleozoic depositional basin.

Rhyolite (Sample No. &1)

The rhyolite belongs to Harbour Main group which mainly
consists of volcanic rocks with minor amounts of interbedded sedi-
mentary strata. This part of the group comprises flow-banded
rhyolite including a chocolate brown variety (see Fig. 17), and
is exposed in the lower Manuels River valley. In general these

acidic flows are silicified, sericitized, and chloritized.

The rhyolite varies in colour, partly in texture, and
composition. It is fine grained, dense, massive, and locally
porphyritic with megascopic phenocrysts of light-gray sodic
Plagioclase feldspars accompanied by fragments of volcanic rocks.

However, at some places it exhibits flow—banding in combination
with the above features. Silica, in the rock is present meinly

in the g€lass, and the microcrystalline aggregate of feldspars



and quartz (rare) commonly constitute about 70 to 80 percent of
the rocke The chocolate brown colour of the rhyolite results from
hematitic constituents which occur commonly in finely disseminated
gspecks. At some places the microcrystalline aggregates are con-

centrated in flow-bands.

Petrographic descriptions:

The fine-grained groundmass in an aggregéte of feldspar
laths, chlorite folia, and glass., The feldspar crystals are
oriented in a semi-parallel alignement providing evidence of flow-
age. Greenish-yellow epidote, zoisite, magnetite and apatite
(very rarely) are present in disseminated specks. At some places
the rock shows amygdules of zoisite with characteristic radiating

aggregates.,

Feldspar phenoccrysts (albite and orthoclase) show
glteration into minute scales of sericite. Occasionally the
feldspar phenocrysts shOW'pertﬁitic intergrowths and inclusions
of zoisite and chlorite. Thetlatter mineral is found mostly along
the cleavage planes of the feldspars and often outlines zoned
structure with a skeletal pattern of its arrangement (see Fig. 18).
According to Dr. V.S. Papezik of Memorial University, it seems
probable that part of the glassy material was trapped in the
feldspar phenocrysts during crystallization and was later devitrified

into chlorite.

The abundance of chlorite in the rock suggests that

there was a hydrous environment at the time of crystallization
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iig.l? Photograph of rhyolite showing
: brown(b) and chocolate brown(c)
modes. Outcrop located on south

side(upstream) of Manuels bridge.
View W
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FiéTIB Photomicrograph of rhyolite showing phenocrysts:
of plagioclase feldspar with chlorite outlining,
Sample No.lA, Manuels River valley. x266(approx.)



which might have speeded the transformation of several silicate
minerals into chlorite with an accompanying decrease in viscosity

of the lava favouring coarser crystallization of feldspar (phenocrysts).

Heavy mineral studies of rhyolite specimens yielded epidote
(platy form), zoisite, chlorite with rutile inclusions, magnetite

with occasional inclusions of apatite euhedrsa.

Granite (Sample No. 2 4)

The rhyolites of the Harbour Main group are intruded by
the younger Holyrood granite immediately south of the bridge over
Manuels River. The granite is grayish pink (leucocratic) in colour,
medium to coarse grained and contains occasional phenocrysts of

pink feldspar ranging up to 0.3 inch in length.

Petrographic characters:

The rock has inequigranular allotriomorphic texture with
variable sizes of quartz, feldspar, and magnetite grains. The
feldspars and quartz exhibit microperthitic (see Fig. 19) and
micrographic intergrowths; and phenocrysts of feldspars occur in
an equigranular groundmass made up of quartz, feldspar and chlorite.
Some feldgpars have been altered into sericite and partly chloritized.
The feldspars (albite, oligoclase and orthoclase) and quartz are
€ssential minerals of the rock and make up about 90% of the area
Oof thin section whereas chlorite (alteration after biotite and

feldspars), magnetite, zircon, miscovite constitute about 10% of
it.



Potential sedimentary rock heavy minerals found in the
Holyrood granite include euhedral zircon and rutite anhedra but

rarely magnetite and epidote.

Conglomerate (Sample-No. 3)

The rock is medium gray, coarse grained with quartaz,
ehalcedony and rhyolite pebbles and cobbles. The matrix is medium
4o fine grained siltstone with siliceous minerals, while the
coarser constituents are commonly angular. A thin section of
a sample of the rock contained pebbles and cobbles of quartsz,
chalcedony, rhyolite, and feldspars (with perthite variety) well
cemented with green coloured chlorite, muscovite (sericite) mice,
quartz and siliceous cement. The heavy minerals are magnetite

and zbisite.

The predominating greenish colour of ferruginous matrix
points to reducing conditions of deposition either in a marine or

in a lacustrine environment.

Limestone (Sample No. 11)

Paradoxides bennetti zone of Dr. Howell

Rock light brownish gray, very fine grained (massive)
but with occasional recrystallized pink crystals of calcite; frag-
Bentary tests of trilobites are found throughout the rock., This

limestone occurs interbedded in shales.
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Pig.19 Photomicrograph of granite showing microperthite
structure in plagioclase feldspar. Sample No.2A,
Manuels River valley. X266(approx.)

Fig.20 Photomicrograph of limestone exhibiting
trilobite test fragements. Sample No.ll,
Paradoxides benneti zone of Dr.Howell,
Manuels River area. X266(approx.)



A thin section cut perpendicular to bedding planes
(see Fig. 20) exhibits very fine-grained calcite constituting the
groundmass which in most places is replaced by recrystallized
calcite. Fragmentary tests of trilobites are found scabtered

throughout the groundmass.

Impure Limestone (Sample No. 7, Lower Cambrian)

Rock medium gray, very fine-grained, partly silicified
with light gray to moderate red jasper (?) which contains prominent

pyrite veinlets.

A thin section cut parallel to bedding exhibits a partly
gilicified shaly part which is mostly replaced by chlorite and
calcite. Muscovite flakes and iron oxide stains are common in
the groundmass. At the contact zone (shale and limestone) the
groundmass is partly replaced by recrystallized calcite, and
exhibits veinlets of pyrite up to 1/8 inch in width. Limestone

adjacent to the contact is partly silicified and chloritized.,

Manganiferous Bed

A chocolate brown, very fine grained, calcareous, partly
cherty and baritic manganiferous stratum is found in the Manuels
River valley intercalated with shale of Middle Cambriazn age. In
the field the bed shows more or less rectangular joint pattern.

4 hand specimen from this bed is crossed by thick, laminated



chocolate-red bands and thin bands of green—edged pale-yellow colour.
The boundaries between the different coloured layers are usually ex-
tremely sharp. A light gray cherty layer in the rock shows local

ehocolate~-brown and light—-gray lenticles of barite.

A thin section cut perpendicular to bedding shows alternat-
ing colour layers of chocolate~brown and light-gray (see Fig. 21).
The former is made up of rhodochrosite (colourless rhombs) and some
barite. These minerals frequently are stained with hematite and, in
pert, with chocolate-brown cobalt compounds. The light-gray lgyer
is made up of rhodochrosite and barite minerals but devoid of hematite.
and cobalt stains. This layer also shows the lenticles made up of
barite. Also present is a thin band of green-edged pale yellow
material which guggests that enrichment of baritic solutionmns,
probebly with associated chromium solutions, occurred at the time
of deposition. The intensely black material results from minute
grains of manganese oxide found scattered throughout the
rhodochrosite minerals. Extremely fine grains of quartz are
occasionally found disseminsted within the rhodochrosite. In short,
microscopically, the ore is essentially an extremely fine-grained

sdmixture of rhodochrosite and barite.

Recently a chemical analysis, by P.A. Mohr and R. Allen,
1965, of a sample from the manganese bed of the same locality

indicate the following significant relationship of the trace

elements:



njyenuels, Conception Bay (single samples)

Co Ni Cr v Cu Mo Zr Ba
Park brown 10 10 15 10 - - 10 1,000
Green 10 32 12 - . e 5 10 1,000
Pale gray 5 5 12 8 10 5 5 2208

(76: p- 336).
The result indicates cobalt and nickel solutions were
available and account for the staining of the described minerals of

the rock at the time of deposition.

Shale (Sample No. 5, Lower (?) Cambrian)

Rock greenish gray, noncalcareous, partly fissile. A
thin section cut parallel to bedding exhibits microcrystalline
aggregates of silt—sized grains of feldspars (albite, orthoclase);
quartz, magnetite, muscovite flakes, rarely epidote and zoisite are
found in the cryptocrystalline matrix of chlorite and clay minerals.
Most of the silicate minerals (feldspars and biotite) are either
sompletely or partly altered into chlorite. At a few places

muscovite flakes exhibit a more or less parallel orientation.

Shale (Sample No. 15, Upper Cambrian)

(Orusia lenticularisg zone of Dr. Howell)

Rock dark gray, noncalcareous and fissile. A thin
section cut perpendicular to the bedding exhibits minerals oriented
on bedding plane surfaces, but locally silty fragments seem to have

been randomly oriented during deposition of the rock, The minerals



are stained with iron oxides. The occurrence of hystrichospheres i=m
the characteristic paleontologic feature of the rock. In other

characters this specimen is similar to shale sample No. 5 (Lower (?)

Cambrian).

Clay ironstone (Sample No. 16)
(Paradoxides hicksi zone of Dr. Howell)

Rock medium dark-gray, intercalated with shales, non-
calcareous, partly fissile. Pyrite crystals in the form of bands

are arranged along the bedding planes.

A thin section cut perpendicular to the bedding plane
exhibits microcrystalline aggregates of muscovite flakes and a
partly silty fraction of feldspar and quartz in a very fine-grained
(eryptocrystalline) matrix of clay minerals and secondary chlorite.
Pyrite crystals are found disseminated throughout the matrix as well

as concentrated in bands.
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Iittle Bell Island

Sandstones

The sandstones of Little Bell Island comprise thick units
of light to medium dark-gray, greenish-gray sandstones. These are
comprised of subangular to rounded grains of quartz, ranging in size
from 0,06 to 1 mm, in diameter, well sorted with minor amounts of
feldspars, ferromagnesian minerals and accessory zircon, zoisite and
magnetite. These grains occur in a minor argillaceous, chloritic
and, very rarely, calcareous groundmass. Carbonate minerals are
characteristically lacking. Only four samples (Nos.: 419, C, J, L
and 0) contained calcareous cement. In general, the quartz grains _
are loosely to tightly held together by the cementing material. Some
sandstones showed banding owing to oriented mica (muscovite and
biotite) flakes and occasional oriented fragmentary brachiopod shells,
Only one sample (419, C) shows significant iron mineral contents
(Fe304) in the groundmass. Chlorite constitutes the main cementing
material in the groundmass of some of the sandstones (for instance

sample Nos. 419: O, O%, B, C, H).

The rocks in general show equigranular microcrystalline
texture. Common accessory minerals are zircon, zoisite, magnetite

and biotite (secondarily chloritised) in sample Nos. 419: B, C, H,
J’ L’ 0, 0" P'.

Microscopically the sandstones and shales show essentially
the same minerals. Some of the more interesting rocks are described

in detail in the following paragraphs:



Sandstone (No. 419, B)

A thin section cut perpendicular to the bedding exhibits
mostly subangular, subrounded to rounded quartz grains, with dia-
meters measuring about 0.07 mm,, but rare feldspar (albite and
orthoclase) grains. The constituents are cemented with sericite,
minor chlorite and clay minerals, and locally with siliceous minerals.
Mascovite flakes are scattered throughout the matrix and some are
curved indicating that during compaction of the rock they underwent
stress. The rock shows equigranular microcrystalline texture.
Among the accessories the zircon (with its zoned variety also),
zoisite, magnetite, biotite, and chlorite are common but leucoxene
is rare. At places iron oxide staining was seen. Heavy mineral

analysis yielded the same minerals as those listed above.

Sandstone No. 419, O (see Fig. 22)

A thin section cut perpendicular to the bedding plane
shows that about 70% of the two dimensional sample are guartz grains
of subangular to subrounded shape with diameters of about 0,10 mm.:
They are densely packed with chlorite (secondary after biotite)
meking up about 25% of-the section. The matrix is partly calcareous
and sericitic and has a microcrystalline equigranular texture.
Magn.eti'be, zircon and zoisite are present as minor minerals and con-

stitute about 5% of the section.



Fig.21 Photomicrograph of a thin section of
manganese bed showing rhodochrosite
(eolourlesa: mineralss) and a barite
lenticle, Manuels River area.
X70{approx. ), under crossed nicols:

Fig.22 Photomicrograph of sandstone, showing
densely packed and cemented quartz grains
with chlaritic and sericitic matter.
Sample No.419,0,Polls Head Formation.
X70(approx.), under crossed nicols:
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Shales

The shales of “the Island are dark gray, papery, soft and
fissile with rich amounts of mica flakes, commonly with very fine-
g;-ained aggregates of comminuted quartz and carbonaceous material
in a predominatly argillaceous groundmass, Some shales (see Table
No. 2) are fossiliferous and yield microplanktonic fossils. Magnetite
anhedra, biotite flakes and, very rarely, chlorite (secondary after
biotite) are scattered throughout the groundmass. For example
sample No., 419, L' (see Fig. 23) is a highly micaceous shale with

some silt content,
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Kellys Island

The lower part of the cliff section of the Island, com-
prising sandstones and shales, can be correlated lithologically,
microscopically and on micropaleontological evidence with the sand-
gtones and shales of Little Bell Island,

Sandstones

The microscopic character of most of the rocks of Kellys
Island are similar to Little Bell Island but shales of the upper
part of Kellys Island Formation yield rich faunas of inarticulate
brachiopods (see Table No. 3), especially where there is an increase
in silt content. One rock sample (No. 420, d) shows recrystallization
of an original microcrystalline calcareous groundmass inté very fine

rhombs of calcite.

In addition to common accessories, such as zircon, zoisite,
magnetite, and biotite (somewhat chloritised), leucoxene is found in
sample Nos. 420: A,B,D,E,F,G,H,K,R',k,r,Y, Some of the sandstones,
for instance 420,H, show peculiar habits of zircon including SiXﬁ
sided euhedra, both with and without zoning, and oval to rounded

grains with inclusions.

Some sandstones are shaly (for instance 420: K,R' and d)
with the sandy part making up about 60% end the shaly part about

35 - L0% presenting a banded appearance.
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Banded sandstone (No. 420, H)

A thin section cut perpendicular to bedding shows quartz
grains of subangular to subrounded shape with an approximate size of
0.08 mm,, and these are closely held together with sericitic,
chloritic, and siliceous cement., The rock shows equigranular micro-
erystalline texture. The muscovite flakes are oriented in one
direction giving a banded appearance of the rock., Among the
accessories large zircon crystals with various habits are very common

while zoisite and magnetite crystals are rare.

Shaly sandstone (No. 420, R!')
(see Fig. 23)

A thin section cut perpendicular to the bedding exhibits
angular, subangular and subrounded quartz grains cemented with a
micaceous shaly matrix, The grains in the micaceous shaly part are
loosely cemented by argillaceous material, whereas in the other parts
they are partly tightly interlocked and partly loosely cemented. In
the silty shale part of the rock the mica (muscovite and biotite)
flakes are oriented in one direction and this characteristic gives a
banded structure to the rock., Zircon, zoisite, leucoxene, magnetite

and chlorite are the accessory minerals.

Chamositic sandstone (No. 420, R)
(see Fig. 24)

A specimen thin section exhibits spherules and oolites of
chamosite (about 50%) of 0.05 mm., in size with subangular to sub-

Tounded quartz grains (about 15%) with 0.0l — 0.10 mm. in size set
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showing shale bands in sandy part.

Sample No.420,R%, Polls Head Formation.
X70(approx. ), under crossed nicols,
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Fig.24 Photomicrograph of chamositic sandstone

showing sandy part in calcareous cement.
Sample No.420,R,Polls Head Formation.
X70(approx.), under crossed nicols.
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in a calcareous groundmass with occasional recrystallized calcite
rhombs. The accessory minerals (about 5%) include biotite, chlorite,

msgnetite, leucoxene and various iron oxides.

Shales

The shales of the lower part of the cliff section are more
or less similar to Little Bell Island rocks but the middle and upper
part of the formation exhibits an increase in silty content and
occasional zircon needles are found in this type of shale, for

instance in sample No., 420, G.

Silty shale No. 420, Q (see Fig. 25)

The constituent muscovite flakes and subrounded quartz
grains range in size from 0,01 to 0,08 mm, and are cemented with an
argillaceous and micaceous matrix, The mica flakes are oriented in
one direction and are partly curved indicating stress effecis
obtained during compaction of the sediment. The shaly part con-
stitutes about 80% and sandy about 20% of the rock. Zircon,
zoisite, leucoxene, magnetite, are the accessory minerals. The

rock is stained with iron oxides.

Modal Analysis

Point counter modal analyses were made by the writer of
two Little Bell Island sandstones and one Kellys Island sandstone,

These sandstone specimens contained unusually high amounts of



chlorite. The results of the analyses are as follows:
R LOCALITY Little Bell Island Kellys Island
W Sample No. 419 O 419 ¢ 420 B
Quartz. 46.5 61.8 52.9
/5]
E Chlorite 48.4 12.4 43.8
(0]
<1
d Magnetite 2.73 - 1.8
2
§ Zircon 1,3 0.4 0.4
Ko
g Zoisite 0.54 0.4 0.4
] Feldspar 0.2 - -
@
& Hematite -~ 6.02 -
B .
§ Muscovite - - 0.4
& Groundmass
{E¥Tikiilg =d - 18.8 ¥
Total 99.67 99.82 99.70
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Sedinment Structure.

The more interesting sedimentary structures present in
the lower Manuels River valley include cross-bedding in the sand-
stones, intercalations of sandstone and shale, and clay ironstonse
concretions of variable size, ranging from 1 inch up to 10 inches,

in the shales.

On Little Bell Island macro- and micro-ripple marks
(symmetrical and interference type) are visible at the base of
nearly every sandstone bed. In most of the sandstones cross-~
bedding is marked, Worm tracks and trails are rare on the Island.
In only one sandstone bed were seen roll-up and rounded structures
and load cast features. The sandstones and shales of the Island

provide evidence of shallow water origins.

The Kellys Island sedimentary rocks provide evidence,
as do éhose of Little Bell Island, that they too are of shallow
water origin, At the base of nearly every sandstone bed symmetrical
and interference ripple marks and channeling features are common.
Numerous channel fillings of sandstone on shale substrata are
found especially along the eastern and western coasts of the Island.
Cross-bedding commonly is present in the sandstone units despite
their variation in other features. Small trilobite tracks and
trails have been sbundantly preserved in the dark gray silty.shales
of the southeastern and northwestern coasts of the Island but are

Very rarely found in light-gray sandstones. The latter sandstones,



however, contain occasional giant trilobite tracks at some horizons.
Joad casts were seen in only a single light-gray sandstone member on

the southwestern coast of the Island.



Structural geology

In the lower Manuels River valley a well marked uncon-
formity occurs between the Paleozoic basal conglomerate and the
underlying Holyrood granite., Four faults are present on the west
gside of the valley. Two are found about 800 feet from the river
mouth and the octher two a further 1,200 feet upstream. The
attitudes of the faults are shown on Map No. 1., The true dip and
strike of the third fault upstream from the mouth was not measurable,
Shale beds adjacent to its fault plane have been locally crushed
and crumpled.

In the valley walls at some places the shale beds are
slickensided on their bedding planes. This slickensiding probably
took place as gently tilted shale beds slid toward the north in a
series of diminutive movements as a result of small scale gravity

tectonics. These slickensided surfaces show hardening effects.

On Little Bell Island the sedimentary rocks dip gently
at about 9 degrees north-northwestward and strike N.75°E. This
regional structural attitude corresponds to that of the Kellys
Island rocks, however, on Little Bell Island at two faulted areas

the local dips abruptly change to 40 and 70 degrees.

Two normal faults occur in the northermn cliff of Little
Bell Island. The first, located at about the middle of the Island
(see Fig. 26), has a throw of 12 feet and strikes northwestward

with a dip of 40 degrees to the northeastward, The second fault



Fig.25 Photomicrogragh of silty shale
showing very fine quartz grains.
Sample No.420,Q,Polls Head PFPormation.

X70(approx.), under crossed nicols.

Fig.26 Picture shows a normal fault, with a throw of

12 feet, located at about middle of the northern
¢liff coast, Little Bell Island., View SSE
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(see Fig. 27) is present near the eastern end of the northern cliff,
strikes N.65°ﬁL, dips 70 degrees to the northeastward and is down~-

thrown for 5 feet on the west,

Strata on Kellys Island strike about N.75°E., and dip
about 9 degrees to the northward. The Is;and has two slightly
elevated areas. These occur near the south-central cliff and on
the northwestern coast of the Island. They form part of two
prominent sandstone ridges. Two normal faults and one reverse
faﬁlt were mapped on Kellys Island, The first can be seen at
western end of the southern cliff face and has a throw of 11 feet,

It strikes N.55°W. and dips 80 degrees to the northeastward. The
other normal fault is found on the northwestern cliff of the Island
and has a throw of 9 feet, strikes N,55°W. and dips 46 degrees to

the northeastward. The reverse fault is present on the north-
western cliff of the Islind also and strikes N.70°W., dips 55

degrees to the northeastward, and has a throw of 5 feet (see Fig. 28).
Close to the fault planes the sandstones and shales have been highly-
sheared and some of the associated fractures infilled with secondary

calcite veins,

A number of small displacements and minor slickensided
' 8tructures on the bedding planes of the rocks were observed on

Kellys Island,

At several places the light-gray sandstone facies of the
Kellys Island sequence exhibit peculiar roll-up and rounded structures

(see Fig., 29), and large sandstone structures of lenticular to spherical
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Fig.27 Shows a normal fault with a throw of 5 feet
near eastern coast of the northern cliff,
Little Bell Island. View SSW

. P = j _‘ﬂ:ﬂ_;‘*‘:_%‘ = i _‘,1 ;3','.“_':_-. ‘
Fig.28 Normal fault with a throw off 5 feet at the
northwestern c¢lifff coast of Kellys Island.
View SE
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ghape varying from one to six feet in diameter, ©Shales occupy the
concavities and interstices of the sandstone roll-up structures,
and shale bedding parallels the contorted bedding suyfaces of these
sandstone structures. Micaceous shaly laminations and very fine
mica bandings are present inside the sandy structures. The roll-up
sandstone structures are very prominent in the thicker beds,
especially in the northeastern cliff, as contrasted with their

less prominent development in the thin-layered beds.

D.M, Baird proposed three alternative theories for the
origin of these roll-up sandstone structures but later he rejected
all of them., Nevertheless these three suppositions are worth

mentioning at this point. They are as follows:

1) Preconsolidation concretionary structures.
2) The sandy masses represent channel fillings.
3) Preconsolidation slumping.

Concerning their formation, Dr. Baird finally wrote
that they may have been produced when:

"a sandy lasyer was ©51id down on top (of) a soft yielding mud, and
that locally masses of the heavy sand would sink through the mud
squeezing it up through between similar adjacent masses. This would
account for the fact that the shaly layers are parallel to the out-
side of the sandstone masses, and that the structure becomes more
prominent in the thicker parts of the beds. Weathering would remove
the shaly facies first leaving exposed the bulging masses of
sandstone." (4: p. 4).

In my opinion the abovementioned points numbered 1 and ?*
are improbable explanations for these structures. That there may

be some possibility for the acceptability of point No. 2 is



evidenced by fine shale laminations which are parallel to the
original beddings in these features. However taking into account
the presence in several localities of slickenside structures (see
Figs. 30 and 31) at the contacts between the roll-up sandstone and
overlying and underlying shaly facies rules out a "preconsolidation
econcretionary structure" origin as mentioned in point No. 1. The
writer has observed hook-shaped and several roll-up structures in
sandstones which were undoubtedly results of slumping in the
mgnner described by P.E. Potter and F,J. Pettijohn, 1963 (see

Fig. 22). The writer believes that these structures are the re-
sult of preconsolidation slumping on the gently tilting slope of

a depositional basin. This conclusion is also supported by

several distorted speeimens of brachiopod (Lingulella) valves

found on the bedding planes. The direction of movement observed

above and below the slumped planes was northwards.

D.M. Baird's third hypothesis about their origin could
not explain the presence of slickensides (see Fig. 31) between the
roll-up sandstones and shale beds, However Baird had assumed that
the structures were formed while the strata were flat lying. On
the contrary either tilting or deposition on a slope appear to
have been present at the time the roll-up ;tructures and slickensides
were formed., The two most important factors in the origin of these
structures are, in my opinion, the unconsolidated nature of the
sediments and the declivitous environment in which they were forced

to slump under the 'pull' of gravity.



Figure 33 shows a hypothetical origin for hook-~shaped

yd roll-up structures in sandstones.
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Fig.29 Shbming_a ééndstone>beﬂ (see arrow) with
rollstructure at the northern cliff near
eastern eoast, Kellys Island, View SE

Fig.30 Photogra shows scour an@® fill of gray sandstone
in shale(see overlying strata) and roll-up and
rounded structures in gray sandstone(=ee

underlying strata) at eastern cosmst,Kellys Island,
View W



Fig.31 Showing roll-up sandstone structure with
slickenside surfaces at northern cliff near
eastern coast, Kellys Isiand.Tape uncoiled
for one foot for secale. View E

Fig.33 Showing formation of hook—-shaped and
roll-up structures in sandstone produced by
S%Emping(If{’SIAZKIEWICZ, 1958, PFig.1l9) ~

‘trace rom Paleocurrents and Basin Analys: |
. Potter and Pettijohn,1963) s i



CHAFTER III

Geology of Bell Island

The writer's research on the geology of Bell Island under-
standably did not result in the solution of all problems therein
occurring! Indeed, many remain unsolved and would in themselves
each provide material sufficient for a M.Sc. thesis. As examples
of these the following two scientific problems and one technical
problem (the latter requiring only sufficient finances to resolve)

are brought to the reader's attention.

Rich accumulations of micas (muscovite and biotite) and
zircon in the sandstones of the Cambro-Ordovician sequence present
a problem with reference to their origin, There appears to be no
known source provenance in adjoining.areas of Newfoundland for the

supprly of such detrital minerals.

A part of the sequence between Mamiels River valley,
Iellys Island and Bell Island (see Fig. 2) is under water and hence
1t will be difficult to locate the boundary between the Cambr1an
and Ordoviecian rocks until submarine cores become available. This

is a technical rather than a scientific problem,

Concentrations of microplankton (hystrichospheres and
chitionozoa) especially in chloritic and phosphatic nodules found
in the Airfield Formation and in the Middle and Upper Members of

the Wabana Formation provided a very interesting situation, The

w9



writer believes that there may be a significant relationship, be-
tween the chitin of the tests of microplankton and chloritic and
phosphatic material, which might have favoured the concentration
and preservation of these tests. However, this is an opinion and
the real reasons for this relationship remains a problem still to
be solved by further research. Tests also have been preserved
where micrporganisms were eaten by 'worms', and their indigestable
hard parts became concentrated in 'worm' excreta which, on

lithification, became microfossiliferous coprolites.

Further research studies may throw new light on the

three above mentioned problems.

Ages inferred by previous workersin thesis areas

The sequences of rocks in lower Mamuels River valley
range from Precambrian to Cambrian in age. The younger shales are
_Trich in trilobites which have been assigned a Cambrian age by Dr.
Howell,

A.O. Hayes notes (29: p. 4) that Professor G. Van Ingen
in his field work of 1912-~13 reported Lingula howleyi, and Lingulella
billingsi as being index fossils found in the strata of Kellys
Island and Little Bell Island respectively, and rock units of both
Islands were assigned an age of Lower Arenig by him. Professor
Van Ingen suggested a Lower Arenig age for the Bell Island ferruginous
sandstones and hematitic oolite, making up the newly proposed Polls

Head Formation, owing to occurrences in the beds of the following
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index fossils: Obolus burrowsi, Sphaerobolus fimbriatus, Lingula

murrayi, Lingulella billingsi, Lingulella bella. Based on the
presence of boring and other algae, and Lingulobolus sp. cf. L.affinis

(Lingula hawkei) in the Dominion ore bed, Van Ingen suggested that

it is Armorican in age. The occurrence of index fossils including

Orthoceras, Synhomélonotus chambersi, and Didymograptus nitidus in

the gray shale of the Lower Member of the Wabana Formation suggested
to Van Ingen that a Middle Arenig age could be assigned to it; where-
as other index fossils including Westonia sp., Lingula sp., and
Schizocrania hayesi sp. in his Phosphorite bed (J 2), Cruziana in
sandstone and shale, and Lingula leseueri, Westonia, and Schizocrania
gtriata in oolitic hematite beds resulted in Van Ingen assigning an

Upper Arenig age for the upper part of Wabana Formation. In general

these faunas imply a Lower Ordovician age for the Bell, Kellys and

Little Bell Islands' sediments.

Sequence of geologic events in the thesis area

The geologic history of the Cambro«Ordovician sequence
begins in earliest Cambrian time when most of the area, now the
present Avalon Peninsula, was a highland and contributed clastic
material to the sequence preserved in the southeastern part of
Conception Bay, eastern Newfoundland, Subsidence of the area commenced
in late Precambrian time and continued into Lower Ordovician time.
Onlepping Cambrian sediments were deposited in the lower Mammels

River valley area. The resulting rocks are mainly shales with minor
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manganiferous beds, limestones and sandstone intercalations, under-
lain by a basal conglomerate, The Cambrian shales are rich in pyrite
which suggests that reducing conditions sometimes were prevalent in
this part of the basin, These Cambrian rocks eventually were over-
lain by a thick blanket of Lower Ordovician sediments,deposited

under marine shallow water conditions,which are now exposed on Kellys,
Iittle Bell and Bell Islands. This sequence is summarized diasgram-—
matically in Fig. No. 32.

The Lower Ordovician sediments are divided into the Bell
Island Group and Wabana Formation. The occurrence of thin beds of
hematitic oolite in the Polls Head and Townsquare Formations of the
Bell Island Group is suggestive of oxidizing conditions as is
evidenced also by the presence of hematitic strata, boring-algél
fossils, and worm tubes in the ore beds of the Airfield and Wabana
Formations, further suggesting that during Lower Ordovician time
the sequence of this part of the basin possibly was subaerially
exXposed at intervals, The pebble beds overlying the Dominion and
Scotia beds (see Fig. 32) contain hematitic oolite pebbles indicating

that a short hiatus occurred.

Regarding rocks of Conception Bay, A.O0. Hayes has written:

"Except for the glacial deposits, the youngest rocks re-~
maining on the Avalon Peninsula are of Ordovician age; pre-Cembrian
rocks are exposed over most of the region., The rocks have suffered
Tepeatedly from compressive earth movements. The region forms part
of the great Appalachian mountain system which was modified by at
ieaSF four epochs of crustal shortening in Paleozoic time, and by
i0lding and block faulting in Mesozoic time. Continued erosion of
the surface by streams, ocean waves, and moving ice, has removed all
rocks younger than Ordovician which may have existed, and therefore
the history of later Paleozoic, Mesozoic and Cenozoic time has to be
inferred from the records of rocks of these ages found elsewherse."

(28: PPe. 1, 2).



During the Pleistocene an ice sheet eroded a large
amount of bedrock and deposited a thin blanket of drift disrupting
the former drainage patterns and leaving, at the time of its final
g,ithd;'awal, many small lakes present on Bell Island., A few of
these lakes subsequently have been filled in by vegetable materials
forming bogs. Drift blanket sections can be seen near cliff tops

of Little Bell Island, Kellys Island and the southern part of Bell
Island.

Stratigraphy

On Bell Island there occurs a thickness of about 1,500
feet of unmetamorphosed sediments which are divisible into two
mejor rock units (see Fig. 32). The underlying unit called the
Bell Island Group comprises a thickness of about 1,200 feet of
sediments and is overlain by Wabana Formation (Wabana Group of Rose),
a rock unit with a thickness of about 300 feet. A thin conglomerate
bed, containing pebbles of hematitic oolite, occurs in disconformable
contact with the underlying 'Dominion bed' which is the uppermost
iron-ore bed of the Bell Island Group. The base of the conglomerate
marks the division between the Bell Island Group and the Wabana
Formation (see Fig. 32). Neither the base of the Bell Island Group

nor the top of the Wabana Formation are exposed.

The Bell Island Group can be divided into three mappeble

straligraphic units: Polls Head, Townsquare and Airfield Formations.

The Wabana Formation similarly has three subdivisions called Lower,



Middle and Upper (or Grebes Nest) Members, The Polls Head Formation
ijs the basal unit and occurs in the southeastern part of the Island
whereas the topmost Grebes Nest Member is located in the northwestern

part of the Island (see Map No. 4).

The stratigraphy and petrology of the formations

beginning with the oldest are described next (see Fig. 32).

Polls Head Formation (including zone O of Dr. Hayes)

Polls Head Formation comprises a thickness of about 400
feet of strata, The formation extends from the extreme southwestern
part of the Island and trends along strike to Polls Head at the

extreme eastern end of the Island.

Townsquare Formation (including zone 1 of Dr. Hayes)

This formation comprises strata reaching a thickness of
about 600 feet and overlies the Polls Head Formation with a basal
medium gray pebbly sandstone bed about 3 inches in thickness. The
strata occur between The Bell and Ochre Cove on the northwestern

coast and from there extend along strike to Eastern Head and
Freshwater Cove.

&irfield Formation (zone 2 including the Dominion Bed of Dr. Hayes)

The total thickness of this formation is about 200 feet

and outcrops of the formetion extend from Gull Island South Head,



on the northeastern coast, to their western limit at Ochre Cove, on
the eentral northwestern coast of the Island. Greenish-black coloured
gandstones alternating with hematitic oolite (dark reddish brown) con-

taining Lingulobolus sp. (Linguls hawkei) and flattened spheroids of

hematite are characteristic of the formation,

over Member (including zome 3 of Dr. Hayes)

The only exposed outcrop section I was able to find of

this member was located about one-~quarter mile east of Ochre Cove.
At this locality only a 12 inch thick Pyrite bed, out of an approximate
total thickness of 10 feet for the Lower Member, was visible., Three
beds of Pyrite which vary laterally from 2 to 12 inches in thickness
were at one time exposed in the open cut working but are now covered
by rock waste. The Lower Member disconformasbly overlies a hematite

bed belonging to the Airfield Formation. The disconformable relation-

ship is marked by a basal pebble bed.

Middle Member (including zone 4 of Dr. Hayes)

Beds of this member measure about 200 feet in thickness,
The ore beds with related sediments extend from a locality on the
coast line about half way between Gull Island South Head and Grebes
Nest Point, in the northwestern part of the Island, and extend along
strike to Upper Grebes Nest Point at their western limit. The reader
should note that there is a Grebes Nest Point and an Upper Grebes
Nest Point on Bell Island,
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Dark-gray paper shales with sandstone concretions (see
Fig. 75), grayish-red hematitic oolites, and nearly perfectly

gldbular spherules of hematite are characteristic of this member,

grebes Nest Member (Upper Member) (including zone 5 of Dr. Hayes)

In the type area of this member, at Grebes llest Point on
the northern coast of the Island, a thickness of about 100 feet of
rocks was measured by the writer., Dark gray shales with giant worm
tubes and coprolites, grayish-red hematitic oolites, and ferruginous
beds with phosphatic nodules (very light gray and light gray) are
characteristic of this member.
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Detailed stratigraphy and petrography

of sediments

!!11 Island Group

Polls Head Formation

The Polls Head Formation comprises light to dark gray sand-
gtones, medium to dark gray shales, medium grasy shaly sandstones, and
a ferruginous band (zone O of Dr. Hayes),measuring about 5 feet in
thickness,containing a pebbly sandstone, This ferruginous rock unit
occurs in the extreme southern part of Bell Island, and is exposed
from a short distance west of Lance Cove to the extreme southwestern
shore near Clapper Rock. The beds of Polls Head Formation have a
total thickness of about 400 feet. As a result of the intersection
of bedding planes with topographic irregularities they have broadly
undulating outcrop traces across the Island, Strata seen in the
southern cliff are folded and faulted in eastern, western and central

parts of the Island (see Map No. 4 and Figs. 38, 39, 40).

In Bell Island the best exposures of the lower part of the
sedimentary rocks of Bell Island Group are found east and west of
Lance Cove in the face of the southern cliff. The southern cliff
8ections have varying thicknesses of rocks from place to place but
the maximum thickneés lies in the eastern (near The Beach) and central
parts of this cliff section. The beds exhibit several unique

sedimentary structures (see Figs. 36, 37) in this area.
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Fig.36 Photograph showing cross—-bedding in sandstones
(see arrows) at Pulpit Head,Polls:s Head Formation,
southern coast, Bell Island. View SW

—y

FPig.37 Showing folded sandstone balls (owing to
slumping) in dark gray papery shales(see arrow),
Polls: Head Formation, southern coast,Bell Island.,

View NNW
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Fig.38 Photograph shows two fault planes (badly
weathered) at the 014 Dam,Polls Head Formation,
south central cliff, Bell Island, View SE

Fig.39 Drag folds in an antiecline with faulted
western limb, Polls Head Formation.Structure

at west of Chimney Cove,western end, southern
cliff,Bell Island, View NE
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Between the top of zone O and the base of the 'Lower bed!
(zone 1) of Dr. Hayes, about 200 feet of strata of the Polls Head
Formation, consisting of sandstones, shales and shaly sandstones,
occur. Part of these were exposed on the surface from the western
coast near Clapper Rock to Long Harry Point on the eastern coast of’

the Island,

The southern cliff section was studied in detail at two
localities. The first was at The Beach, Bell Island (see Locality
2,3, Table 6), and the second at Chimney Cove (see Locality 436,
Table 4). In addition every care was given to the study of the
nature and character of the sedimentary rocks occurring in the
accessible exposures in the same cliff face; and along it less de-
tailed studies of three additional measured typical sections were

made (see Table Nos. 4, 7, 8).

The Polls Head Formation, especially in its lower part
(see The Beach section, Locality 243, and section at Polls Head,
Locality 402, A to M), displays a remarkable succession of cyclical

marine deposits (see Figs. 41, 42).
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Fig.40 Showing asymmetrical anticlinal fol-d’, Polls
Head Pormation, at west of Lance Cove beach,
south central cliff, Bell Island. View ENE

Fig.41 Showing upper part of the studied section
No.243, Polls: Pormation, at The Beach,
southern coast, Belll Island. View NE
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Table No. 4
Section ptudied in detail immediately east of Lance Cove
Besch (ILocality 432), from top to bottom, the segusnce is &g follows:
Init Thiclmess
Ho. Pect

Overlyving straeta, covered ywith 2l luvium and drift,
59 3

432, 1 Shele (55%); medium to dark gray, non-calcareosus, soft,
fissile, rarely papery, interbedded with sandstones,
’ Paporys
Sendstone (45%); lizht to medium darlk gray, fine to
medinm grained, slightly celeareocus. Doth strata
1dth l}oar wrf" trpj’ﬁs @ 9 © 0 5 0 O 0 0 5 &P O S e SO OSSO E 0 00 S0 s 60

2 ghale (50%); dark gray, non-calcareous, soft,
figsile with worm borings.
Sandstone (50%); mediwm grey, non-calcereous, fine
greined, Shales present as intercalations, lensec,.... 40

\s)

Shale (60%); derk _rey, non-celcareous, soft, figsile,
highly worm bored, interbedded with sandstoncs.

Sandatons (405)5 light, medium end dark gray, slightly
calcareous, fine grained, partly banded, Scne _
sandstons gtraba are siwmilar to underlying sandstones,. =25

4  Sandstone (70%); lipght to medium prsy, non-calcareous,
fine grasined, occasionslly bended and interbadded
with dark gray papery shseles,
Sheale (30%); same as underlying phslea, DBoth the
strata are highly worm borad, worm tubes up to 5
inches in length and U.5 intH BCTrOPB u sessscesesscscnes A

5 Shale (90%); dsrk gray, non-calcareous, soft, fissils,
papery, with occasional worm borings.
Sandstone (1008); medium grsy, non-celcarsous, fine—
greined, massive, shsles pressnt as intercalations,
lenses, with occasional shele pebbles up to 1 inch
1h QIAMOUER puiselors hstOlidhinbnsstsseitdl dndsonssasss O

These atrata constitute the bottom mogt part of the
Bell Islend sediments,
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Table No. 5

Section studied in detail at Chimney Cove (Locality 436), from
+op to hottom, the segquence is as follows:

-

Uit Thiclmaesse
No. Fest

Overlying streta, covered with slluvium,

436, 1 Shale (55%); medium to dark gray, non-calcareous, soft,
fisglle, interbedded with sandstmes,
Sandstone (45%); light to medium dark gray, medium o
fiﬂa graj'ned ® 0 08 0 ¢80 & 0D OGO OE OO OO 00O PO SO OO OSSO 0SSO0 s 0000 20

2 Shale (50%); dark gray, non-cslecareous, goft, fissile.
Sandstone (50%); medium gray, non-calcareous, fine
;;‘raj-ned, iﬂterbedded mth SI]IElBS ® & 8 00 000 6P O ¢ o 0o S0 0 s e 20

3 Shale (70%); dark gray, non-calcareous and soft, inter—
bedded with sandstones (30%); medium grey, fine
grained. A three inch thick sgandstone bed is medium
dark grey, and is compoged of blue fragmentary
b:‘&chiﬂpo‘ﬂ 55 -1 3 R PR S SR —— 15

4 Sandstone (70%); light to medium gray, non-calcareous,
fine grained, interbedded with dari grsy shales,
ocecasionally with trilobite tracka., A three foot
thick sandgtone sbratum, medium light grsy, exhiblite
bandeg of mica flakes.

Shele (30%); dark gray, non—cslecarsous, soft, fissile,

l}&PeI?- ® 0O ® @ 00 O 00 00000 0000000 00O 00 OO0 0O 0000000 C eSS sceeRes 15
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Table No. 6

Section ghtudied in detail st The Beach (Locality 243), from
top to bottom, the sequence is as follows:

Unit
Yo.

Thickness
Feet

Overlying straeta coversd with alluvium and drift,

243, j, Sgndstone (50%); medium dark gray, non-calcareous, fine

>

1,

y

grained, interhedded with shaleg =znd with lenticles
of shaly sandstones, These strata lie on top of the

‘D&ac!‘ Section ® & 6 00 &5 00 % PSS OO OSSOSO S S OO O COe OO 0N 0 e e

Sandistone; yellowish _rs&y, non-calcsareous, medium
grained with fragmentasry brachiopod shells (1) ceecccscee

Sandstone; light olive gray, non-calcareous, interbedded
with dark pgreay shales and medium gray shaly sandstones ..

Sandstone (35%); licht olive gray, non-calcareous, fine
crained, laminsted and interbedded with dark gray
shales (35%) and light gray shaly sandstones (30%).
Up to & feet from the base the sandstons is medium
dark gray, gritty with shnle pebbles and blue frag-
manitary. brachibpod BhRlls e psoeposgrsmess Comow sme s veoe

Shaly sandatone (60%); light gray creen, non-calcareous,
fine grained, soft, laminasted and infterbedded with
dt]—rt graﬁr l?lhales {40%) ® o0 00 ° 00 8 00 O 0 0SSOSO PO OSSO S0 NN N

Shaly sandstone (50%); daxrk ;ruy, non-calcareous, fine
grained, laminated and interbedded with dark pgray
BI‘J.E:LES (Sw), Pg‘!erlrﬂm Eoft ® ® 5 ® 085 ° & O e 9O ° 0 s oo e e S ° e 8 anoe

Sandetone (70%); yellowish gray, non-cslcareous, medium
gralned, banded, laminsted and interbedded with shales
similar to underlying stratsm. DBoth glrsta are highly

WoI bOr@d ©® © 0 0000000600090 000000060c06000006000606006006cs000iosese

Sandstone (100%); dsrk browm, non-calcareous, fine
grﬂim‘i and fermé,incuﬂ © © 0 000 0000000000000 COETOOOOEROS

Sandstone (60%); light olive gray, non-calcareous and
Pine greined, interbedded with dark gray shales (40%) ...

18

0.6

20

0



Thiclness
Feet

Jandstone (80%); light olive gray, non-calcareous, fine
greined, micaceous, bended, ripple marked, current
bedded, interbeddsd and laminsted with shalse (208) .... 10

Sendstone (70%); dark browm, non-calcareous, laminated
and interbedded with sheles (30%) similer to under—
m!-l'{; Etrata B © 0 6 0000 9 ¢ O P S T E PO O 6 OO O G L AT e SEEON OO0 00 0. 10.6

Sandstone ('?0.‘5); darlt browmn, non-cglcareous, fine grained
and ferruginous, laminsbed and interbedded with dark
EI'E:T ai:‘lal'eﬁ {3%} ® ® 00 0 0 000000 c 00 0" OO0 OG0 e O S etoses0BOooeS 9

Sandstone (90%); dark browm, non-cslcareous, fine grained,
ferruginous gt the joint planes owying to fillinss of
ferruginous mabtter, heavy, laminsted Ly dark grey
shales (10%) and brown sandstone 1enticles ceeescesscecece 0.1

Shale (50%); derk pray, non-cslcarsous, micsaceous gnd
soft wlth interbedded and lenticuler gsndstonss (50%) .. 10

Sandstone (100%); lisht olive grzy, non-calcareous,
fine prained, gradesg downward into an olive gray

Vﬂriﬁity ® ® L ® ® 00 & 00 0 00 0 00 i OO PO S OO OO E SO OO0 e e A0 iFe e 1

Sandstonsy olive gray, non—calcareous znd fine graloed, .
Shale; dsrk pray, non-calcareous, micasceous and soft,c.es. ..

Sandstone (100%); olive sray, non—calcsrcous end fine

érﬂnﬂd ® & 6 & ¢ 0" 5 OO0 B8 000 ® 0 O G O O . O E O e OO GO 0 E OO 000080 0o 0.5

Shale (60%); dark gray, non-calcareous, micacecus, soft,
papery with lemticular gandstons,

Sendatone (A0%); olive grey, non—calcearcous, Lfine
grained, with blue fregmentary brachiopod ghells ...ces. 2

Ssndotone; i bt gray, non-caleercous, fins pzeined,
banded,
Shales dexdc gray, non-calcasreous, sofk, fissile, inter-
Pedded wlbh gandatonBE ..cneseccesnnasccenserscsesesssmee Llal

Sandetones light browmish gray, non-calcareous, medium
greined, slightly loose with occasionzl shale pebbles .. 0.1

Szxndstoney light gray, non-caloereous, fine grained
and Bbended, interbedded with dark gray sheles ccescesses 7.6
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Thicknags
Feat
Sandgtone; medium dark gray, non—calcareous, nassive,
fiﬂB UrE‘viIIEd G ©® ® 0 60 00 OO0 O 00 05 OO L OO LSOO OSSO OO eS0T S0 2

Sandstone (708); lipght gray, non-cslcarsoupg, fine
grained, beded with ripple markes, current beds,
fluts cagts, leminsted snd interbedded with dark
E‘Iﬁ,}’ Elnha.lEﬂ T_’E_-.Villu 'bl"ilt-'f‘_‘ui'!}e tr&QI{B e 0css0c00006000000000 3

Sheleg; dark gray, non-calcarsous snd soft, interbedded
with medium grained sandstonesg which are highly

lllic&c'EGus ® 0 0 008 000 0050 00 8 08 0000 E O NS OO oo BOE 8

Shale; dark gray, non-calcareous, fissile and papery,
interbedded with sendstones,

Sendstone; medium gray, partly celcareous, fine grained
and ofteasionelly WOPE HOPed .isiecssbssabobadasasbanees s 10

Sandstone; mediunm lipht gray, partly calcareous and
fine grained, interbedded with shales, dark Lray,
bl Tlet Syl Gh i R T s TS ST —————— e ¢

Sandstone (100%); same as sandstone J but with
DCGaEional Ehale pEbhles @ 0 8 0000 00000 6F OO 0O W 9O PSS EOSBSBBDNOOS 13.&

Sandstone (1008); light grszy, non-calecareous, fine
b:‘&i:ﬂ.e&, b&l’!ﬂed ﬂnd C'U.I‘I‘Eﬂt bﬂdﬁed ® & ® 0000 a0 00000 OO BSOES 2

Sandstone (60:%); nedium grsy, non-cglcarsous, fine
greained, ripple merked, laminsted amd interbedded
‘:i‘bl‘i dﬂrk L:T&_y Shﬂlaﬂ ® © 0 © 008 08 0O SO O S SO E PGSO O e o0 0 PO L.6

Sandgtone (50%); medium lisht gray, parbly calcsreous,
fine grained,
Shale (50%); dark gray, non-calcareous, soft and fissile . 3.6

Sandatone (100%); medium gray, calcarecous, fine grained,
I‘i:)pl& marked. 'H'itll i‘ﬁtﬂ"lﬁﬂ up tO 1 iﬂch in 191}-;_,“”1 sevessoe Ool

Shale (60%); dsxk pray, non-calcarcous, micsceous,
figeile and ﬁapezy.
Sendgtone (40%); medium gresy, partly calcareous, fine

grﬂined © 00 00000000 0000000000000000000000000°006000000000, 4-‘6

Sondstone gﬁﬂﬁ}; similar Yo B but devoid of shale pebblsas,
Shale (50%); dark pgray, non—calcareous, soft and Tigsile . 4.3



=, Thickness
Feet
-
D Sandstone (40%); medium gray, partly calcareous and
fine grained.,
¢ Shale (60%); dark gray, non—calcareous, fissile and
PADEEY vl aen s s ntiss bbbkt naByies s narmie sissscis Y3

B Sandstone (100%); medium 1li ht zray, partly calcareous,
fine grained, banded with calcite veins and shale
pebbles which contain Micrhystridium stellatum

Deflandre S & 008 00 F 60 000 90 " O Q0SSO E SO S SN 0000 BCEsSSEsSSS 2

A Shale (60%); dark gray, non-calcareous, micacsous,
fissile, papery, occasionally worm bhored, inter-
bedded with sandstones.
Sandstone (40%); medium gray, partly calcareous,
fine gralnel, TR DOTEL o awwwems mies Smwe Ko fose o0 3




Table No. 7

Section studied in detail from Pulpit Head to Folls Heed

{Locslity 402, M to &), from top to bottom, the sequencs is as followss

Tnit Thicknesas

No.

Feeclt

Overlying strate, covered with alluvium and drift,

402, ¥ Sandstone (50%); medium yray, non-cslcareous, fine
grained, occasionally micaceous and banded ....
Shale (50%); dark gray, non-calcareous, poft, fisasile,

e 1

interb'—;‘dded “'ﬂ-"‘til aﬂn{'ig_tﬂms ® F © &% ©06 09 00 00 F OO OO0 00O OO S SO llu

Sendstone (100%); mediwm gray, non-calcamreous, Tfine

‘{;r:;-‘inad ® © & & ® © O OO o000 OO0 OO O OH OO O O OOOE OO O F 00O F OO0 S0 G000

L Sandstone (60%); medium yrzy, non-calcareous and fins
grained with interbedded dark gray shales,
Shale (40%8); dark gray, non-celcsreous, soft with
W‘m borilws S S OO 00 E G OO OO OO O SE O O OO OSSO OE O OO O OO OO OO0 S0

J Sandstone (50%); medium gray, non-salcsarcous, medium

to fine greined, interbedded with dark gray shalse (508)

which oceagionglly exhibit cone-in-cone shiuctures
&nﬂ ‘erm burrow B8 5 0000 07 0000 08 e 00000 "0 00 0 s 006000 OGBSO

I Sandstone (60%); medium grey, non-calcarsous, Fins
grained, interbedded with dexk grey shzles (40%).
Both strata sre highly worm bored and occasionally
bk b T T K S T R S N S —— A S — -

I Sandstone (100%Z); light to olive gray, calcarsous,
medium te fine grainsd, highly current bedded, with
g 3.6 inch thick ferruginous band, occasionally
pebbly (shale pebbles up to 1 inch in length) ceeesces

Sandstone; medium gray, non-calcarsous, fine grained,
inxterbedded with shales,
Shale; dark gray, non-calcosreoung and S0t seecewscsesssos

G Sendgtone (95%); light gray, non-scalcarecus, fine
grained, with dark grsy shale (5%) laminations .c.ecesee

g

Shele (80%); dark gray, non-calcarecus, soflt, inter-
bedded with sandstonea (208): medium gray snd fine

grainEd ® ® 00 00000000 F 000 00000 00O 0000000 00000 00000 HLO O

43

40

2{'? - 9

7.6

3.2

b
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Thiclmesan
Feet

]

Sandstone (60?5],- nedium gray, non-calcareous, fine
rained, interbedded with soft dark gray shales (40%)...

Shale (100%); dark grey, non-calcereous, soft, papery
with intercalations of 1/4 inch thiek medium grsy
S&Ilﬁ.ﬁtﬂms ® © ® S 0 20 i 50000 OSSO OO 0O S T OO O 0SS S SPeS OSSOSO ES TBSESTS

Sandstone (90%); dark gray, non-calcareous, fine grained,
interbedded with dark grey shales (10%) ccecsceocescscnns

shzle (50%); dark gray, non-calcareous, soft,
Sandstone (50%); dark gray, non-calcareous, fins graihed,
interbefidad ‘n'ith Shﬂlﬁs @6 0 % 00000600 006060600000 ®@ecssOeSGOES

Shale (100%); dark gray, non-calearsous, soft, papery

E'I'yﬁ'j:!j-ssi-l'c ® S ® 0@ O 008 000 OO O OO0 E OGS OW OO0 OO 0SS Ooe SO0 000

Shale; dark gray, non-calcareous, soft and flgeile,
interbedded with light gray, flne grained sandstones ...

Sendstone {100%); medium gray, non-calecareous, fine
greined, finely laminsted with medium gray sheles ......
She..‘l.e. (1007} ; Plecliu.u gray, non-calcareous, fine
gr:—"—lne[i E‘r“d Dmﬂ-{ad ® 08 0 © 000500 08 GO OO PE OB OO L OO OSSOSO OSSO

Sandstone (100%); light gray, non-calcareous, fine
gErained and banded, Top 1.6 inches thick part ie
composed Of ahale pebbled ...cscsnscscasencsssssscsnanes

Sandston= (100%); 1li_ ht gray, non-cclcsareous, Lfine
{.‘;r:—ij—ned’ banded ‘...................‘...........'.......

Sandstone (50%); light gray, non-calcareous, fine
grained, banded, occurs as intercalsted and with
lenticles in shale but at top 2.6 inches thick
strata are pebbly.

Shele (508); dark grey, non-calesreous, soft and fissils .

Shale (:!_005'5); dark grgy, non-calcareous, soft, papery
mlﬂ' fl'sslle ® ¢ ® 0080 0¢ 0 0" P 0O 00000 00O CL GO SO0 ST NG B0 e e

Sandstone (100%); medium yray, non-calecezeous, [ine
,E;I‘aih&d &I.'I’(l hande'd ® 0 0 00000 °0 000 0000000000000 0000c000e0s

Shale (1008); darlk gray, non-caleareous, soft, papery,
figsile, with small worm borings, interbedded at the
base Ly 4 inches thick sendstone; medium fray, pebbly
fnd oocaslonally 1entloular .sscsatetststsnsosnbatbotons

"2‘ F)

Qi

0.6

1.1

1.3

I..l
.
W
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Thiclkness
Feetb

A Sandstone (100%); medium gray, non-calcareous, {ine
grained, bﬂﬂded arﬁd- curreﬂ‘b dedBd Sesecssscevsesensense 1

LY
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Table No. 8

From top %o bottom, the genersl sequence of 200 fest thick
sedimente (sbove Zone O of Dr. Hzyes) is as follows:

'f;-—-—'
Uit Thickness
lio. ) Teal

Overlying strata, covered with slluviuam and drift.

Sandstone (355); lipght medium to dari gray, non-calcar-
eougd, sand Tine grained,

Shaly ssndstone (352); medium gray snd non-calearsous.

Shele (30%); dark grasy, non-caleareous, with occasional
cone-in-cone gtructure. These sgtrsts are highly
ferruginous with iron seeps. They are composed of
gray, gritty seandstone lemticles, passes upward in
to Lower iron ore bed of Dr, Hayess through 4' thick
light gray messive ssndstone and 3 inch thick light
gray pesbbly sandstone bed s..ciescncensccscbonsssencsss 100

Bhaly sandstone (20%); medium to dark grsy, non—
calcareous to slightly calcarsous, fine grained
with blue fragmentary brachiopod shells, inter-
bedded with sendgtones.
Sandstone (20%); medium to dark grsy, non—calcarsous,
dgnfl T3IND STEINSY spenadssstgngefues (it osgnps iictmensss 30

Shele (508); similar to underlying strsta.
Shely gandatone (30%); medium gray, non-calcareous
with worm borings,
Sandatone (20%)3; medium grsy, non-calcaereous, fine
grained, banded and massive. These strats exhibit
worm borings, trilobtite burrows and Lrecks cceececcscces 20

Shalz (70%£): dark gray, non-calcareous, papery,
fissile with worm boringe.
Sandstone (30%); light, medium to derk gray, non-
calcarecus to slightly calcareocus, fine grasined,
well sorted., Light gray variety is banded wvhersas
the dark gray usually with blne fragmnentary brachio-
pod shells., Sandstoneg in the shale occur ss inter-
beds, intercalgbions and lenticles ..eseesescccccssccss 50

Fermypginous sandstone and hematitic oolite; this is
gone O of Dr. Egyss. 4 highly ferrurinous, nartly
pebbly sandstone, inberbedded with hepiatitic colites
medium gray sandstones and dark gray shals ceecessccsse 5
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Detail Petrography (thin sections)

Fig. No. 43, Magnification x 280 (approx.), Locality and
glide No. 243, A.

Sandstone. A thin section (see Fig. 43) cut perpen-
dicular to bedding shows a fine-grained sandstone to be present con-
gisting of quartz grains (about 70%) ranging from subangular to
rounded in shape. Their grain size ranges from 0.01 to 0,10 mm,,
and they are loosely held together with calcitic, and partly sericitic,
cement constituting the groundmass (about 25%). In general this
matrix shows an equigranular microcrystalline texture. Biotite
flakes and glauconite grains (subrounded) are the more common
accessories while magnetite, zircon, sphene and albite are rare

minerals (about 5%).

Fig. No. 44, Magnification x 280 (approx.), Locality and
Slide NO. uB’ LO

Shaly sandstone. The figure is a thin section cut per-
pendicular to bedding; In it is seen quartz grains (about 70%) which
are subangular, subrounded and partly rounded in shapej; range in size
from 0.01 t¢ 0.12 mm., and are loosely held together with an
argillaceous cement (about 25%). The rock exhibits occasional bands
of silty shale. Magnetite, glauconite,'zircon, éoisite and hornblende

are the accessory minerals (about 5%). In general the rock has a

microcrystalline texture.
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Fig.42 Showing lower part off the studied section
No.243 at the Beanch, Poills Head Formation,
southern coast, Bell Island. View NE

quartz graing with sericite and calcite
cement. Locality and Slide Nw.243,A,
Polls Head Formation. X280 approx.),under
crossed nicals,
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Fig. No. 45, Magnification x 70 (approx.), Locality and

glide No. 402, T,

Fossiliferous sandstone. A thin section cut perpendicular
to the bedding shows abundant quartz grains (about 70%). These are
prounded to subrounded in shape and range in size from 0,05 to 0.55 mm.
They are loosely held together with calcite cement (about 15%). Frag-
mentary brachiopod shells (about 10%) are approximately oriented in
one direction., The thin section contains a few fragments of rhyolite
and in general shows a microcrystalline texture. Magnetite, leucoxene,

biotite and zoisite constitute the accessories. v

Fig. No. 46, Magnification x 70 (approx.), Locality and
Slide No. 478!,

Ferruginous sandstone with oolites, A thin section cut
perpendicular to bedding exhibits highly ferruginous oolitic sandstone
in contact with ferruginous sandstone., The latter part shows fairly
well-sorted, equigranular quartz grains of subsngular, subrounded to
Tounded shapes with an average size of 0,10 mm, They are held
together with ferruginous, and partly chloritic, cement. However the
©olitic part shows dense ferruginous cementing material between the
Quartz grains and the oolites, Hematitic oolites with a range in size
from 0.34 to 0.62 mm. » are made up of alternating iayers of chamosite
&nd hematite, Some chamosite spherules were observed uhich occasionally
Showed crystallized hematite. Both the oolites and the spherules have
Mclei of either quartz or muscovite grains or brachiopod shell fragments.
Flgure 47 shows a magnified oolite with alternating layers of hematite

80d chamosite surrounding a quartz mucleus.



Fig.44

Fig.45,

Photomicrograph. Showing quartz grains with
argillaceous cement., Locality and Slide No.243,L,

Polls Head Formation.X280(approx), under crossed
nicoil Se

= § & ‘
8= . ¢ ' ]

Photomicrograph of sandstone,
showing quartz grains, a few fragment

of rhyolite and birachiopod shell fragments.
Locality and Slide No.402,T, Poills Head

Formation. X70(approx.), under crossed nicoils.



Pig.46 Photomicrograph. Picture shows hematitic
 oolites with quartz grains and ferruginous
cement. Locality and Slide No.478%', Polls

Head Formation, X70(approx.),under polarized
light .

Fig. 47 Photomicrograph shows alternating layers of
hematite and chamosite in hematitic oolites.
A quartz nucleus in the center of a oolite.
Loeality and Slide No.478',Polls Head Formation,
X280(approx.), under polarized light.



Townsquare Formation

This formation comprises about 600 feet of sedimentary rocks
geparated from the underlying Polls Head Formation by a thin but well
marked bed of pebbly sandstone, followed upwards by an ore bed (zone 1,
Lower bed of Dr. Hayes) of about 25 feet in thickness. This formation
4s in part exposed in shallow tramway cuts of the Dominion Iron and

*1 eel Company near Kents Bridge. Additional outcrops and sections are
present along abandoned tramways of the former Nova Scotia Steel %nd
Coal Company and also can be clearly traced in intermittent outcrops
-t' Eastern Head on the northeastern coast to Big Head and Th; Bell

of the western end of the Island (see Fig. 32 and Map No. 4). This

formation contains bands of hematitic oolite.

Four outcrop sections have been chosen to illustrate the
stratigraphy of the Townsquare Formation. Two are from the east-
central part, the third from the western end, and the fourth from the
northern coast of the Island (see Fig. 48). The latter section

T *presents a complete sequence of the formation. The r.ocks of the

‘ wer 70 feet of the fromation range from non-calcareous to poorly
-‘l_ilcareous, however rocks of the remaining upper part of it are entirely
!'h-calcareous. In several of its primary features this fb-rmation

exhibits evidence of shallow water deposition (see Figs. 49 to 52).
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Fig.48 Photograph shows very light gray sandstone
strata with shale partings at Freshwater Cove,

Townsquare Formation, northern coast,Bell Island.
View NW

Pig. 49 Shows cross-—-bedding and deposits of blue
brachiopod shells along the foreset beds,
Townsquare Formation. This structure occurs
near The Bell, western coast,Bell Island.View SE
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Fig.50 Photograph of symmetrical fossil ripple marks

in greenish black sandstone and hematitic oolite
strata,

Middle Member,near at Grebes Nest Point,
northern coast,Bell Island. View NW

Fig.51 Worm borings in very light gray sandstone strata
near United Church, Townsquare Formation,Bell Island.



Table No. 9

Studied outcrop section on Martins Road (Locality 217), from
$op to hotlbom, the sequence is as follows:

+ Thickness
Feet

Overlying strata, covered with alluvium and drift.

7, D Sandstone -(lOD%); Erayish olive green, mon-calcarsous,
' medium grained and gritty, compact and hard cescecesescecs 2

G Sandstone (100%): olive grey, non-calcareous, medium
graiHEdandfermiIm‘ls ® @ © 50 0 & 800 B OO OO G OSSP SO OSSO e 0 000 O.l

B Sandstone (100%); gresyish olive green, non-calcareous,
E‘rittymdfermlginmls S ® & 500 5 000000 00 O8O OSSO e e 0O e 1

A Sandstone (100%); olive gray, non-calcsreous, medium
grained, ferruginous and oceasionslly pebbly, with
2 to 3 inches thick intercelszted porous varietly

\SV)

A' Seandstone with hematitic oolite and iron ore; greenish
black, non=calcareous, medium grained, heavy
poorly fossiliferous, with white specks (phesphatie 2), 2
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Table No, 10

Studied ouberop section or Ore Conveyor reed (Locality 83),
to bottom, the sequence iz as followes

Thiclmess
Feeb

Overlying strata, covered with alluviun.
Sondptone (60%); greenish black, non—cezleareous, medium

grained, fossiliferous (brachiopod ghells), inter—

:jeddc'-"d ‘Pﬁ.-“:h d?rk éI‘B.T S}]':-'lE-E (."—D:&) ees oo ces OO OGS EGOSSCCS 0010
Iron ore bed; derk brown, massive with hrachlopod

'E—El-leus ............l‘.................‘..'..........‘.. 1

Sendgtone; pgreenigh black, partly celcareocus, medium
grained snd gritty, fossiliferous, grades upward
irlte ﬂl&ﬂi‘[.‘lm ;I'E_i_!ledv&rie'l,}r 6 ®0000060c0c000000600000080 800 003

Sandstone; derk greenish [rgy, cslcsrcous, Medium
E;I-sine:,d’ ﬂth mld cracl[s DT X R I SR B BRI B D.‘z"

Sandgtone; daric greenish grey, non-calcereous, fine
grained end current bedded ,.cceeccessessssssssssscscnnn 0.6

Sandstone; dark greenish gray with light shade, non-
CE’lCEI‘@O'LlS,fine Erﬂn&d Cevesessssncsesssnsoeresossocosssoansse Gﬂﬁ

Sandstone; derk greenigh gray, non-cslcareous, fine
Lrﬂm‘i’ Mrent badd&d 0006000 s 0000000000000 s000000E 00'4‘
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Table Ho, 11

Section studied in detsil st Bell Cove (Locality 455 to 448),
top to bottom, the seguence is ns follows:

Thicimess
Faeth

S t—

Overlying strebte; covered with alluvium and dxift.

Sendstone (80%¥); liyht to medium gray, non-calcarsous,
medium to fine greined, banded, asymumeirically
ripple marked with interbeds and partings of dark
grey sheleg, Thege strazta constitute the top part
o' BIR Hosl ' ssssaad sdnt i e s st sa e ebetadai strihadonsn Y

Sandstone (50%); medium yray, non-calcareocus and
fine grained, interbedded with dark gray shales,

Shale (50%); dark gray, non-cslcsreous, soft and
Y R T S RO A K i S R T &

Sendgtone (80F); medium grey, non-calcareocus, fine
grained, oscasionally medium grained, micaceous,
with interbeds end laminations of dark gray
B]lElEE (ED%) ® 06 00 0 s P 000 c00r000000 0000000000 s00GOGOOOGEOGOS =

Sandstone (50%); medium gray with greenish tinge,
non=calcareous snd fine grainsd, inlerbedded with
u}lalef;.

Shale (50%); dari gray, non-caleareous and paperys
Selti §ghgerid1um brevispinosum var, nanum Deflandre .., 5

Sandstone (75%£); greenish black, non—celcareous, fine
grained with hemetitic oolite lenticles and bands
(253) uP ‘to 1 ft- 'bhiﬂk @0 000000000 000 c00e v ss 0O0OOOGEGE 15

1 Sandstone (70%); medium gray with greenish tinge, non-
calcareous, fine grainsd, interbedded with sheles,
Shale (30%8); dark gray, non—calcareous, aid PaAPEry ....s 10

)

Sandstone (50%); medium grzy, non-calcarsous, {ine
grained, lnterbaddad with shales,
Shale (50‘5), dark gray, non-calcareous and Dapery eeeese 15

Sandstone (100%); greenish gray, pertly calcarsous
with oceasional ferruginous countents, medium
grﬂimdﬂndg:’itty ® & 6 0 5 00 0000 O PO O T O OO OO 00O 0TSO OB e o 25
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Thickness
Fezst

429

Shale (60%); dark gray, non-calcareous =nd Dpapery
interte r_l_d_t] with sandstones,
Sandstone (A0%); brownish gray, non-calcareous,

UI’itty E"I.'D‘1 ;ﬁﬁ’-ﬁ?ly,{ﬁhale ;\e"i.’leﬂ) TR R R R R R R E Y
Sandstone (100%); greenish and browmish black,
banded, Tins grained, occasionally ZTitlly ccecececoccece

Sandstone {{;Os;, light 6T non=calcareous, fine

grained, interbedded with dark gray shales (40%) ....
Sandstone (90%); lisht olive gray toc brownish LTay,

pebbly (snale pebh lL—.s,,
ray chales (10%)

non-calcareous, gritty,
1'|ritll iﬂtﬁrc&r‘lf.-tred- d-c:l: @escssc00 000
Sendstone (60%)s i ht
and cur:*en'i' hedded,
Sﬂ‘_l': (J"" ‘JI’ interbeﬁ'ﬂ"’;d lrrj‘t"ll S&I’ide‘b@l’les ® e 00000000

grey, medium to fine grained,

Sandstona (100%8); greenish and brownish black, banded,
the formmwer varietrs parily calcareous, gritty and the
latter non-ce*lc“r.reous, fine grained sececeeecveonsavsses

Sendstone (100%); medium Xight grsy, non-c=lcarecous,

medium grained, porous, micaceous, highly current
bedded vaith medium light gray shale pebbles up to

2.5 cnma, in length with blue fragmentary T_arc_c:h:l_oﬁor‘f
shells shd EIrFuiobolos BDege gestae o me itns ass p s sson

Sandstone (100%)s

»)s light and
fine prained

® © &0 0 00O " OO OO P RO O AL OO O OO OO P PET oo 00 a0 00

7, non-calcarcous,

Sandstone (50%); light grey, non-cslcareous, fine
grained, interbedded with dark grsy shales (50%) ....

Sandstone (100%); medium 1i ht grsy, non-calcareous,
:_1-1( .UJ“ '__,11“—1-316‘1 "'-"ﬁ'h:“—d- T-‘"“CPUT‘S ® 00000000 es0e000O0O G000 e

Ssndestone ('.?D )3 greenish zrey, non-calcareous, partly
gritty, inbterbedded with shales.

Shnla ('-" 'T‘). A e le o = = 'u"| TR =R

whale (304); dark gray, non-—calcsareous antd PANSTY sesse

Sandstone (100%); mediw ;;""r, non-calc zreous, medium
grained with dark gr ghale peblles an fre
mentary brachiopod shells

i
a5

IJllL_' 1

° 10

W



Thiclkness
Faeet

Shale (60%); dark gray, non-calcarsous, papery, worn
bored.,

Sandstone (40%); medium to medium light gray, cal-
careous, medium grained, pertly gritty, occasionally
micaceous, with blue fragmentary brachiopod shells .... 17.6

Saendstone (80%); medium lisht gray, non-calcareous,
medium grained, partly gritty, with blue frag-
mentary brachioped shells snd shale pebbles,
interbedded with shale,
Shale (20%); dark gray, non-calcarsous, DAPSTY sessccccss 2ob

Shele (60%); dark gray, non«calcareous, papery
and wornm bored, interbedded with sandstoness.
Sandetone (40%); lizsht grsy, non-calcareous, fine
grained, this unit lies at the base of Bell Cove.ccassas 6
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Table ¥o. 12

Section studicd in detail from Freshwaler Cove to bage of
‘Bectern Head (Iocality Tos. 313 to 402, N), northern coast of Bell
Ieland, from top to bottom, the sequence is as follows:

Thit Thicimess
Hlo. Pest

Overlying etrate, covered with alluvium eand drift,

812 Shale (60%); dark gray, nmon-celcareous, siliy, inter-

‘ bedded with mwedium dark pray sandstones (A0%) ceecesece.e TO
These atrata form noper part of the Townsguare

Formation,

309 Sandstons; medium dark grsy, non-csleareous, esnd fine
greined, interbedded with dark gray sheles .cccsccssnss 1

Shele (80%); dark gray, non-—calcareous, rarely worm
bored, interbedded with medium gray, fins grained
ﬂﬁndﬁ'bﬂncﬂ (205) B &0 060 0F 0000 F OF BT OO F OT EF OO GF eE Fo ow bW 10

Sendetone (90%); nedium dark sray, non-calcareous,
fine greined with browm sandsitone bands, inter-
bedded with dark gray shales (10%), partly =ilty
14 NovWee DEFDL siads sancsns nassss il adsss i s thBANEsEs EVNE Ba L T

Sandstone (95%8); 1light green, non-~cslcarsous, lower

2:6 fest ia partly gritity but sbove 0.6 footb is

green snd gritty which grades up into a3 mediunm

dark gray varlety with sghale laminstions (5%8) ccevcesse 5
Sandstone (70%); dsrk gray, non-calcpreous, fine

greined, interbedded with daxk 1:'/5- shales (308) ...... 210
Bandstons (60%); very light gray, non-—calcareous,

and medium greined, interbedded with dark gray

5:’1{“-1-38 (4%) ® & ¥ 0 06060 % 00600 ¢ 8 00 s B - @ @S O s 00O s GO s OB SO OO 3

Sendstone (100%); very light yrsy, non-cslcareous,
medim hraj‘rmaammﬁive -............".-........._.‘ 10

Sandstone (100¥); light pray with light preenish tinge,
mﬁl‘cmoua, bﬂm&d &Ild LTE'ded ® 5 & © 908 C 0 00O GO e o e 1

Sandstons (50%8); medium gray, non-calcsreocus, fine
greined, interbedded with dark pray shales (50%) ...... 0.1
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Thickneess
Ho. Feet

1! Sandegtone; medium to medium dark gray, non-calcareous _
mdtt’ﬂd-lmn L‘?.‘F“miﬂed T EEEEEETTEN E X rxww o o v 2n BB BE N BB B BN 005

4

Sandstone; light crey, non-calcaoreous, medium Lrained .. 2

»d

Sandstone (90%); medium gray, non-calcarecus, medium
greined, partly banded, current bedded, with = half
inch thick ferruginous band and intercalations of
S gy EREVA (LI | v anstons: smvivsisonssanit w &iuid masiatainb aiose . ki B 2
W Sandastone; greenish black, non-calcareous, medium to
fAne grained, graded and current bedded ceeecicsccscss o

Sandstone; dark gray, non-calcareous, fipe grained,
grades up beo medium grained veriety with dark gray
fogsiliferous shzle laminations (V);
Gonochiting sp., Yervhachium trispinosun (Eisensck)?,
Y. rhomboidiom Dovmie, Baliisphaericium sp.,
B. brevispinosum var. Wsnlockensis Downie,
B. longispinosum (Eisenack), Micerhystridium ep.,
Indeterminabe BPDescecsverscscncsnnonsnscsncnsnsssesas 3

|

Sandstone; darl gray, non-cslcareous, fine grained,
grades up into very fine greined shaly sandstone ..... 0.6

Sandstone; dark gray, non-calcarsous and fine greined .. 1.6

Shaly sandstone; medium grey, non-calcareous, fine
grained, interbedded with dark gray chales cccecssscss it

v

Sandsgbtone (100%); mediwm light preay, non-cselcareous,
B-D-d madium Srﬁimd # © © 080 © a0 0000005060606 06006060 0000 009000000 1.6

Sandstone (90%); medium lisht gray, non-calcareocus,
medium grained, micaceoua, symetrically ripple
marked, psxrtly banded, pebbly (up te 2.5 inches long
shale pebbles), with intercslations of ghale (10%)
of medium dark gray colour, micaceous, silty. 4
dise type of (medusoid?) immression was found in
the sandatone unit 2

© 00 000060060006 ¢ 000035000 0000000050 ¢so0

B

Shale (B0%); dark gray, non-calcareous with lenticles
axd interbeds of sandstone of medium light gray
0010111', medi.u.n-l Eraimd£2{m...¢0.o.......'0000100..QO. 5




H

Sandgtone (100%); medium light gray, non-calcareous,
Inedimn grajﬂnad ® 6 0 06 9 00 OO OO O 0B S O ST OB O GO0 CO OO O OSe0e ®

Sendstone (50%); light pray, non-calcareous, medium
grained with interbeddings of dark przy papery
Ehi‘—es (5%) ® ©® & 0 & @0 90 000 00 0P OO S O OSSOSO OE SO e e 00 00

Sandstone (100%);: medium dark gray, non-cslcareous,
medium grained, micaceous with trilobite DUrrows cce.es

Sandstone (90%); medium _ray, non-calcareous and
fine grained with non-calcareous, dark gray shale
laminstions (10%)

Shale; medium dark grey, non-calcareous, micacsous
mﬂpmw Ei—l‘b‘y ® & 60 2 0060 500000 O OO0 O OO TS e OO ee see 00

Sandstons (100%); medium ygrsy, non-calcsreous, fine
pgrained, partly banded and occcasionally laminsted

h}"‘ﬁhﬂeg ..........'.............‘...;'...............
Shale (100%); dark gray, non-colcarveous and fissile ,...

Shaly sandstone (90%); medium gray, non-celcarecus,
fine grained, thin gquartz veins oeccur in the
fractures, with medium gray shele lsminstions (108) ..

Sandetone (925%); medium derk pgray, non-caleareous,
fine grained, partly banded, current bedded,
laminated by dark pgray ghaeles (5%8) ciccesccccncccsocse

Sandetone (100%); light greenish, non-calcareous,
fine grained, micaceous and Floely bhedded ¢..cecccocces

Sandstone;y very light gray, non-calcarecus and
wedium grained, interbedded with dark gray shalel ..ee

Sandstons (50%); medium to medium light pray, cal-
careous and medium grained, md cracked, inter—
bedded with non—cglesreocus dark gray shales:

Hoepgisphaera 8b.; Va@ryhachium spe, Balti ridium gpe

0.1

2-6

\»

0.5

1.6

0.6

10

B revigninomiin (BlaohackK ).cidescsctnorasaniossssanecss 40
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Thickness
Feot

£y

s

=

Sendstone (100%); whites to very light proy, non-cal-
cpreous, medium grained, hard and HasSive c.eseeccsccss

Sandstone; very light gray, non-calcareous, moedium
grained, interbedded with dark gray shiles secesccsees

Sandstone; medium yray, non-calcarsous, medium grained
and banded, interbedded with dark gray sheles cceescee

Sandsbons; wery light gray, non-calcareous, medium
grained, interbedded with dark gray sheled scccscccass

Sendatone (70%): medium cray, none—celcereocin, medium
grained, banded, lsminzted znd interhedded with dsrk
L‘T&?’ 5}1-&165 (3%} @ " ® 00 9 00900 000N S0t 0GOS0 000NSSOGCR

Sendstone; very light grey, lon-calcareousz, =nd
medium grained, interbedded with dark pray shales ....

Semdstone (40%)s medinm gray, non-calcarcous snd

fine [frained,
Shale (30%); dark gray, noh-cslesreons and fisecile,
Shaly senfistone (30%8); medium gray, non-csleareous

and banded, Theas sbrala pcour ' interbeddsd ....cee

Sandsgtone; very llpght gray, non—coloarecus and
mediym prained, interbeddad with daork sy shales ....

3hely sandstons (35%); medium gray, non-cszleanrsoun
gntd fipe proinsd,

Shale (35%)s dark gray, non-celcarsoun and fissile é
Tops=iliferous; Lagenochiting baltics Eilsensck,
Vo chium Sie

Sendstone (30%); medium cray, non-calcereous and fine
grained, Theses gbrate cconr interbadded Jienesssies

Sandstone (98%); very lizht gray, non-calcarsous,
pmedium grained, hard snd masgsive with 1lig ht gray
shele laminations (2%). Sandstone exhibits rhomb
Join-t P&ttarnﬂ @ " & ® 0 69 00 00 8 OB e O e 0O R GO eE T ® e A OSSOSO e

Shely pandstone (358); medium gray, non-calecarscus,
fine grained, banded,
Bhzle (35%); derk gray, non-calcarecous snd fissile,
andgtone (30%); medium grasy, non-eslcareocus, fine
grained end gymmetriordly ripole mariced.
These pgtrata occur . Iinterbedded ...ccescsnscsscsasse

1.5

¥



Sandstone (95%); very light gray, non-caleareous, medium
to fine grained, highly curreni bedded, laminsied by
gilty shales (5%) of lizht green colour, micacsous,
The sendstone exhibits occasional shells of
Liné{ulgbﬂluf SP. L I A R N I I N R Y R R R L R ) {’0

Sandstone (90%); medium gzray, non-calcareous and fine
grained, interbedded with non—celeareous dark gray
S}}IEJ_BS (J-D%) ® & 8 0 55 00 00 S O e GO PO eSS O OO PSS POECE PO PSSO 0N 20

Sandstone {1003); medium pray, non-cslcareous and fine

Uraillﬂd ® 0 © 0 6 060 00 00 000" 002000 00O GL O OO ENLOO SIS S0 00060 ae 5

Sandstone (70%); derk ursy, non-~caleareous, fine grained,
interbedded end laminzied with dark gray shales cceceeces 35

Sandstone (100%); creenish bleck, non-caleareous and
fine grained, snd grades up ifto & medium Srained
vB_T‘ij:'t}r ® ©® 0O 6 O 0 & OO0 OB O OF T O OO OO O PO OB 00 00000 s a0 0 e 00 0o LE‘

llematitic oolite ors (100%); red brown, non-calcareous,
Oﬂliticm'idrhﬂmbic ® 0 6 0000 %@ 0 00 0 0F 0800000000000 000000 106—2

Sandstone (100%); preenish hlack, non-calcareous and

-"I:in{"" t;r&i-ned ® ® 00 0000000008 08 0 0 O 80 00 0000000000000 s 00 1

Sandstone (100%); medium ygray, non-czlcarsous and fine

érainﬁd ® @ & 0 & 06 0 00 ° 0 ° 000 000 OO OO OO T OO OO e OO 60 s e 0P S 5

Sandstone (100%); browm, with greenish tinge, non-csl-
cme—-is End .I_l’ritty ® 0 6 0 000000 8 00 00 800 B OO DSOS OO OSSO OO OSSNOEE lo

Sandstone (100%); [ reenish black, non-calcsreous and

fim ErP-j-nad @ © 000 0000 0030000000000 0000000009000006006600es00 15

Shale (60%); medium gray, non-calcareous, interbedded
with sandstones,
Szndstone (40%); wmedium pray, non-calcaveous snd fine

;_-frﬂineﬁ © © 0@ 000 000 00 000N 0O L0 O 00 0B e0s0 0000000 ROOOMITBGESE ED

Sendstoney preenish blsclk to medium [ray, non-calcarsous
Eﬂd fin‘g }_;rﬁilllﬁ;‘d G ® © 0 00 500000 PO O ° OO OO e OO 00 O0 00 00 0T ee 3

Hemztitic oolite ore (100%); red browm, non-calcarsous,
oolitic mld rhumbic 0 O & 0000+ 080 0600 00O VO S ®e G000 000000 l't'UB
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Thiclkness
Feet

Sandstone (100%); pgreenish blsck to medium gray, non-

caloareous and fine Erolnedl ccececes see st vewoes s svespunn 5
Hematitic oolite ore; red browm, non-calcareous, ocolitic

mdrhﬁmbic ® 0 ® O 0 ® 0" O 00 OB OO O OO OO O OO OO O OO OO OSSO O PSS BSOS PSSO D.S
Sandetone (100%); brown with greenish tinge, non—cal-

¢area1—ls’ —i_';r:i-t-t’y ® ® 06 00 0 00O "B OO0 O OO OO e OO OSSO T OSSOSO B
Sandetone (1008); gresnish bleck, non-calcsreous, and

fine L:rai—n-ed ® ® © ©® © v 0O % 00 OO0 " O OO 0O OR OO O O OO 0O O 00O L0 e OO0 0O r? 3
Sandstons (80%); medium gray to greenish hlack, non-

calcareous, fine grained, interbedded with shales.
Shale (20%); derk gray, non-celcarsous, and highly

1mm borﬁ ® ® 0 O 00O 000 O 00O 00O OO O 00 0O OO0 00 0O PDODOO EBO G OO e B
Sandstone (70%8); zrsyish green, non-calcareous, gritty,

interbedded with shalss.
Bhele (30%4); dnrk gray, NON—CElCHTEOUS esssscssssscssssscss G

Bandgtone; medium gray, non-calcareous, medium grained,
with blue fragmentary brachiopod shells, interbedded
with dark gray shales. These strste occur at the
base of Id.[-‘}lﬁlm?.sﬂ @e0oeecoc0cosoncnsacectososssin000sOe 1.5

Sandstone (100%); medium greay, calcsrocus, medium
greined, and ocoasionglly BYAithY .ccecveccsscese cnons soens 0.10

Sandstone; lipght greenish gray, non-celecarsous end
mediwn grained, interbedded with dark gray shsles ceesee Q.60

Sandstone (100%); light greenish gray, non-calcareous,
medium grained yith dark gray chele pebbleg up $o 1
inch in lm_m ® © 0 © 0 00 00 F 0000008000 S0 00 e 00 000G e 0000 e 1.3

S8andstone (100%); medium gray, non-calcareous, medium
grained with blue fragmentary hrachiopod shells ....c.0. 0,80

Sandstone (80%); medium prained, non-cslezreous, fine
grained, interbedded witli non-calcareous daric grsy
Bhﬂes Eﬂ%) S © © 0 © ©® OO S OO0 OO OO OO OO OO OO O @O O OE " s PO Oe S 1

Sandstone; light greenieh gray, non-calcareouns, medium
grained, with very fine lasdinstions of darlk grsy shales. 1,6
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Unit Thiclkness
Ko. Feet

T Sandstone (80%); medium gray, non-calcsrszous, Lfine
groined, interbedded with dark gray shales (20%) ...... 6

S BSandgtone (95%); light greenish gray, non-cslcareous,
X fine greined with intercalations of dark gray shale.
Top 5 Mot part of the sandstons is medium grained ..., 18

2 Shale (60%)s dark gray, non—calesreous, interbedded
with medium gray, fine grained mandstones (40%).
Their top 1.60 foot thick part 1s medium grained
with fregmentary brachiopad ghells csececsssccsssssccnes 5

Q@ Sardstone (90%); medium gray, non—calcarcous, fine
grained, wvith leminetions of dark grey ghales sscecscnns 1.6

d

Shale (95%); licht olive gray, non-calesreous, poft
with interealations and lentinles of ssndstone (5%)
of mediunm ,ray colour, Strata sre highly worm
birall Ath TS lahitie DIETTOIE s i cealaeiines v b o 8's o o sue 1.3

o

Sandstone (50%); li.ht yray, non-calcareous, fine
Egrained, partly bandad, interbadded with shales.
Shele (508); dark gray, non-calcareous, fiasils,
mderately WO IT borsd e s s 000 00c0.0m 0000000000000 000se 9

Sandstone (80%); medimm gray, calecsreous, madiim
grained, partly gritty, and pebhly with blue frag-
mewtary brachiopod shells,
8hale (20%); dark gray, non-calcarsous, fissile,
intarbadded with SandGtonss sessssessassssfassnsns s sos 7456

Sendgtone (65%): medium gray, non-calcsreous smd Tine
grained, interbeddzd witih ghalesn,

Shale (358); dark gray, non-celcareous and highly
WO DOXEN g5 s sneieo - d@FoiBs SR sanatbomoniiesedinsdesme

S/
[ ]
o

Sandatone (50%); medium sray, non-calareous, fine
grained, inberbedded with ghales,
Suele (504); dsrk irsy, non-csloarsous, highly worm

}]Omd L I B B B I I I S B O I B B Y B I I B BB Y I I R I I I R B I ) 10-3

) Sandatone (50%); light to medium gray, Don-sslcareous,
fine greined, interbeddsed with gheles,
Shele (508); dark gray to light gresnish, non-cel-

e = o 7 -3 1
ﬂ?.'!‘f‘-l'ﬁl., .‘OJ’L, flEs-llE- ® © ¢ ® & ° OO OO O 0O ¢+ H O F O S OSSOSO O OO0 l
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Petrography

Fig. No. 53, Magnification x 70 (approx.), Locality and

51ide No. 447°'.

Calcareous sandstone, The quartz grains (about 80%) are
subengular, subrounded and rounded in shape, range in size from 0.05
to0 0,50 mm.,, and are loosely held together with a calcareous and
micaceous (biotite and sericite) cement. Occasional bands of calcite
are present. The rock has medium-size grains of quartz and in general
exhibits a microcrystalline texture. Some of ‘the oolites are composed
of phosphatised material with nuclei, and contain occasional inclusions
of leucoxene and zircon. The oolites range in size from 0,12 to 0.50
mn,, and are unevenly distributed, Fragmentary brachiopod shells are
found in the groundmass., Biotite (about 15%) and lsucoxene are the
most common é.ccessory minerals. Zircon, magnetite, and light browm

chert grains are present but rare.

Fig, No. 54, Magnification x 70 (approx.), Locality and
Slide No., 451.

Banded sandstone, A section cut perpendicular to bedding
shows fairly good size sorting of quartz grains of subrounded, rounded
to subangular shapes. The grains are loosely held - together with
Sericitic and chloritic cement. The groundmass contains some

Bhosphatised oolites with alternating layers of phosphate #hd chlorite.




Fig.52 Showing giant 'worm®'tracks in gray sandstone
bed, near Grattons Cove, Townsquare Formation,
Bell Island. View SW

Fig.53 Photomicrograph. Showing phosphatized oolites
, and fragmentary brachiopod shells.Locality and
Slide No.447',Townsquare Formation.X70(approx.),
under polarized light.
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Figure 54 shows graded bedding of very fine (silt grade)

and fine grained (sand grade) quartz. Minor amounts of the sandy

~ part were enclosed in the former during deposition. The size of
guartz grains in the finer part ranges from 0.04 to 0.35 mm., and in
coarser part from 0,05 to 0.50 mm. In general the quartz grains con-
stitute about 80% of the rock whereas the groundmass makes up about

15 to 20% of the rock.

Fig. No. 55, Magnification x 70 (approx.), Locality and
Blide llo. 452,

Pebbly sandstone, The rock is more or less similar
to that of Locality 447' but differs by having a predominance of
brachiopod shell fragments. Figure 55 is a photo of a thin section
which, cut perpendicular to bedding, shows silty shale pebbles and

& few brachiopod shell fragments in the groundmass.

Fig. No. 56, Magnification x 70 (approx.), Locality and
8lide No., 83, A.

Sandstonse, A thin section cut perpendicular to the
bedding shows unsorted quartz grains (about 75%) of angular, sub-
&ngular, su'brounded to rounded in shape with & range of size from
0.02 to 0.15 mm, which are loosely held together with chloritic,
®€ricitic and siliceous cements forming the groundmass (about 20%).
The groundmass locally shows recrystallized, very fine grained. quartz,

and, very rarely, chlorite spherules with silica and magnetite



Fig.54 Photomicrograph. Showing very fine and
fine grains of quartz.locality and Slide No.451
Townsquare Formation.X70(approx.),under crossed
nicols.

FPig.55 Photomicrograph of sandstone shows silty
shale fragments.Locality and Slide No.452,

Townsquare Formation.X70(approx.),under
crossed nicols.
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inclusions. The brachiopod shell fragments and muscovite flakes
are oriented in one direction (not seen in the figure). Magngtite
gnd muscovite are the common accessories (2bout 5%) but zircon

glthough present is rare,

Fig. No. 57, Magnification x 70 (approx.), Locality and

§lide No, 83}, D.

Sandstone, Figure 57 is photomicrograph of a thin
section cut perpendicular to bedding and it shows quartz grains
(gbout 80%) of subrounded to rounded shapes with a range in sgize
from 0.05 to 0.25 mm, The grains are well sorted, loosely held
together with iron oxide, chlorite and siliceous cements (about 20%).
A few ocolites are unevenly scattered throughout the groundmass,

They are made up of alternating layers of phosphate and1$hamosite
around nuclei of quartz, masgnetite, and leucoxene. They range in

size from 0,15 to 0.40 mm,

Fig. No: 58, Magnification x 70 (approx.), Locality and
Slide No. 217, AA.

}

Sandstone. A thin section (Fig. 58) cut paréllel to
bedding exhibits moderately sorted quartz grains (about 85%) with
subrounded to rounded shapes and with a range in size from 0,05 to
0.75 mm, The grains are loosely held together with chlorite and
iron oxide cement (about 15%) which locally exhibits siliceous con—

tents in which are set magnetite grains., A few chamosite volites
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Fig.56 Photomicrograph. Showing unsortedi quartz
grains in sandstone. Locality and Slide No.83 A,

Townsquare Farmation.X70(approx.),under crosssd
nicols.

=oa el

FPig.57 Photomicrograph shows two chamositic and
phosphatic oolfites in sandstone. Locality
and Slide No.83,D, Townsquare Formation.
X70(approx.), under crossed nicols:
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(of 0.20 to 0,40 mm; in size) show alteration to limonite surround-
ing the magnetite nuclei. A few of the oolites exhibit exterior
rims of limonite. Recrystallized quartz grains occasionally are
found in the groundmass. Magnetite and muscovite flakes are the

accessory minerals.

Fig. No. 59, Magnification x 70 (approx.), Locality and

S8lide No, 217, A!',

Hematitic oolite. A thin section (see Fig. 59) cut per-
pendicular to bedding shows oolites (about 80%) made up of alternating
layers of hematite and chamosite. Other oolites exhibit chamosite
and siderite layers with nuclei of either magnetite, quartz or
erystallized hematite. Occasionally hematite predominates in the
oolites with poorly developed chamosite layers. The oolites (0.15
to 0,56 mm, in size) are loosely held together with calcareous,
partly chlorific,.and siliceous cement (about 10%). The calcareous
cement was found to be impregnated locally with hematite deposits.
The quasrtz grains (about 10%) are subrounded to rounded in shape,
have an average size of about 0.35 mm.,, and occur scattered through-

out the groundmass.

Fig. No. 60, Magnification x 70 (approx.), Locality and

Slide No. 217, B.

Gritty sandstone. 1In Figure 60 can be seen a thin section
of gritty sandstone cut perpendicular to the bedding. The quartz

grains (about 70%) are subrounded to rounded in shape with a range
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FPig.58 Photomicrograph off sandstone showing oolites
of chamosite and limonite(see arrows).lLocality

and Sliide N0 217 AA,Townsquare Formation.
X70(approx. ),under crossed nicolsn

Fig.59 Photomicrograph off hematitic oolites.lLoecality
and Slide No.217,A', Townsquare Formation.
X70(approx. ),under polarized light.
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in size from 0.04 to 0,75 mm,, and are unevenly distributed through-
++ the groundmass. They are loosely held together with iron oxide,
magnetite and siliceous cement (about 30%) which also forms the
groundnzsse The rock is devoid of ocolites or spheroids. Magnetite,
Imarsé biotite and muscovite flakes constitute the accessory

misierals.



Airfield Formation

The total thickness of this formation is about 200 feet.
The lowest hematific oolite bed in it lies about 600 feet above the
basal ore bed (zone 1 of Dr. Hayes) of Townsquare Formation, and
the whole Airfield Formation comprises a series of bands of hematitic
oolite altermnating with cross-bedded, fine-grained, greenish-black
sendstones and dark-gray shales. The upper 30 to 40 feet of the
formation is composed mainly of hematitic oolites in thick beds with
interbedded ferruginous sandstone and shale partings. Two cliff
gsections are well exposed. The first is located immediately south-
west of the Airfield and the second is found at the Ruins, on the

northern coast of the Island near Gull Island South Head.

The top of the Dominion bed (of Dr. Hayes) trends about
3 3/4 miles along strike from Gull Island South Head, on the
northern coast, extending to a western limit at Ochre Cove (see
Fig. 61), on the northwestern coast of the Island., The writer
collected specimens, from a bore hole in the mine workings east
of 9-57 E Hdy., of hematitic oolite and sandstone (greenish black)
at a depth of about 1,189 feet below sea level located a@bout 3 miles
north and west from Gull Island South Head, apd these rocks were
found to continue unchanged in general character from those
collected at surface outcrops. As in the surface sandstone out-
Crops, trilobite tracks also are common in the subterranean greenish
black sandstones. The Dominion bed, although originally about 20

feet in thickness in the open cut working some 1,500 feet east of



Fig.60 Photomicrograph of unsorted gritty sandstone.,
Locality and Slide Non217,B, Townsquare Formation,
X70(approx.), under crossed nicolss

Fig.6l Photograph shows two normal faults in
hematitic oolite and greenish black
sandstone strata,Ochre Cove, Airfield Formation,
northern coast,Bell Isiand., View SSE
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Ochre Cove, now has been nearly worked out at that place. However

the typlical fossil brachiopod genus Lingulobolus is found to occur

commonly in the hematitic oolite and greenish-black sandstone out-
erops left unmined in the open cut., Since the Dominion ore bed

locally has been nearly completely removed in the process of mining
by DOSCO, it is now impossible to measure the Airfield Formaﬁion as

L

a continmuous unit.

Near Gull Island South Head and south of the Ruins on the
northeast coast of the Island, a section (iocality 344) of aﬁout
125 feet in thickness was studied in detail by the writer. This
exposure includes most of the Formation., In this section 19
hematitic oolite beds of varying thicknesses were found. They are
highly jointed with a rhombic pattern (see Fig. 62) and commonly

exhibit cross-bedding (see Fig. 63).
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Fig.62 Rhombohedral joint pattern in hematitic oolite,
Airfield Formation, eastern coast,Bell Island,
View NW

Fig.63 Photograph shows cross-bedding in hematitic
oolite strata, west of Gull Island South Head,
Airfield Formation, Bell Isiand. View E
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Table No. 13

Section studied in detail immedisztely north and south of
ns (Locality NWos, 345, =nd 344), northern cozmt of Bell Island, from
hop to tottom, the gequence is as followe:

st & Thickness
Feet

Overlying strate;covered with elluvius,

5,4 Shaly sandatone; light preenigh yrzy, non-calczrsous,

fine grained; Conochitins 5p., Urochitina sp.,

Indetemuingte spp., Veryhschium rhomboidium Dowmie,

Ve? irrsmulsre, Beltisrhseridivm sp., B. brevispinosum
(Bigsnack), Micrhystridium stellstum Deflandre .cssssssoes L6

This unit lies on the surface; immedistely north-
west of Ruins, northern coast, Bell Island,

t

Chamozite orej; derk redidiall browm, calcareoun, ooclitie,
nodnler with Fresgmentsry brachicpod shells, worm
tracks, btrilobite Lracks ana:l burrows; Yeryhschium ap.,
¥. frispinogum (Eisenack), ¥. rhomboidium Dowvmie
Beltischseridine sv,, B. longiscinosum {Elaem.ckS
Mdtiplicisphaeridium sp., Micrhysbridium steliatum
Dsflandr&, Indeterminzate Ell'a 2ecescsssisccsccccscsccsccsoncces 106

0

Hemetitic oglite ore; dark reddish brown, calcareous,
oolitie, rhombic, highly jointed in rhombic pattern,

lﬂold::-m: m!g;&‘lobolllg sp. ® @ 09 00065 5 O 00 000 00 OB O OO 00O Fo e 3

D Seandstone (90%); medium dark gray, non-calcareous, partly
silty, miceceouns, with shundant worm burrows and tracks.
The burrows sre filled with dark gray sandy msterial,
Sandstonss ere interbedded with dark gray shales (10%);
fossiliferous; Conochitina sp., Bhsabdochiltina magnea
Eisensclk, Uruchiltine sp., Ancyrochitina sp.,
Staurocephalites sp.?, Arsbellites sp.7 A, com.ig Fller,
scolecodont Jjaws of mexdlla, Veryhachium rhomboidium
Dowvnie, Micrhystridium stellstum Deflandre,
Baltispheeridium sp., Indeterminate S8EDe wessocevecsassccss I

Sandstone; greenlsh black, non-galcsoreous, fine grained,
interbedded with hematitlc oolites and dark grsy shales ,.13

Hematitic oclite; dark reddish brown, calcarsous and
oalitic ....l........I...........'..O..Q.!.......l........10

Sandastone (100%); greenish black, non-calcarsous, and
fine grmd ® © 0 0 08 00 000000000 0T TS OV OOO OSSOSO P 000000 s 106
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Thiclmess
Taet

Sandstone; greenish black, non-calcareousg, fine grained,

interbedded with hematitic ocolite and shelés .c.cesvecese
Hematibic oolite; derk reddish browsn, calezsreous asnd
oglit-ic ....‘.....l.....................I..l.Q.'.........- D.S

Sandstone; greenish hlsack, non-calcareoug, fine pgrained,
interbedied with hematitle oolite and darl: gray shales .. 2

Hematitic oolite; dsrk reddish brown, calcareous and

L‘Dut—ic ® ©® © ® 065 00 00 O P00 " OO O 0 O S OO F eSO NSO O FT SO0 S0 O e e 00O E W n.ﬁ

Sendstone (60%); greeniph blsck, non-calcarcous, fine
grained with yorm boringd, Bores gre filled with
hematitic matbsr., Szandstones irnterlaminsnbted with
light presn micecsous sbole, Occazionglly pandstones
sre interbeddad with hemstitic ocolites (208) and
Sh&l&ﬁ (20%) ® 000 060080000 000000°060000609s00006s00060000606060000o0 2

Shely semdstone (A08); gresnish pray to light green,
non=calcareous, fine pgrained, bended snd interbedded
with hemstitic oolite,
Hemotitic oolite (408); non-calesrsous, sbout 5 foot
thick sbirats show pebbly naturs.
Shale (20%): mediim derk gray, interbedded with shaly
B&ndatoms ® ® ©® 066 6 00 50 060 00 5 O 0P OO O PP OO OO SO O OO T PO T O G e O OeS 7’6

Sandstope (45%); medium dark gray, non-salcarsous, £ine
Erzined, micsceous, interbedded with medium dark gray
shales (45%) end hematitic oolite (10%) of dark

R RN, Do) SELNGT Ba e a6 & stoned b 468 ad 00 6 06 SEens is Seeh

3

Sandstons (100%); dark preenigh gray, non-eslcsreous
‘mdmﬁd-j-ilm ‘;rﬂma " 9 © 0 6 o8 O O S O O OO OO OO O OO O O OO OO OO e e e e 006

Hemebitic ocolite ore (100%); dark reddish browm, cal-
G&L‘-ﬂm—lﬂ, noli_t'ic ® S ® 0 0% 0 F O O OO OO " O O OO O PO PO S eSS OO OO S s OO0 0O l

Sendstone {(508); dark greenish gruy, non-calcareous,
medium greined, interbedded with shslss,

Shele (50%); medium dark gray, non-calcersous, =silty,
fospiliferous; lLsgenochitins haltics Elsenaclk,
Lapenochiting ef, spherocsphsala (7) Eisenack,
Conochitinae sp., Conochiiina dactylug Collinzon and
sehwalb, Urochitina sp., Indeterminste sp.,
Vershischiam gp., V. rhomboidius Downis, Micrhyatridium

iepinogum (Hisensclk),

sp. 7, Baltigphasridium long )
-B_. bmiiﬂmm Eisenac::? ® ® & ® 00 5 0@ " OO0 OO O O F O OO S0 OO 6




Thickness
Feet

Ssndstone (50%); medium dark gray, non-calcareous, fine
grained, interbedded with hemaltitic oolite secsdescsenss 1.6

Sandstone; medium gray, partly ecslcarcous, fine grailned,
interbedded with medium dark pray BHALES .cssesccccsoce Rab

Hemstitic oolite (60%); dark reddish hrown, calcareous
i‘rith ssnd"d' Hha—_ﬂles (4@) 8 O & @ © O 5 0 OO 20 08O E OO0 OO O Ve S e 0 e 1

Shele (75%); medium dark gray, partly calcarecus, grades
up into hematitdc 00lite essescscsccsscsssesnccssonsons £

Sendstone (80%); derk preenigh gray, non-—calcareous,
medium greined, micacecous, interbedded with medinm
dark Eray ShRIeD jestcssnastoififiisoresondbinionnaibhoss b

Shale; medium dark gray, non-calcareous, micaceous with
coproliteg and trilobite tracks, Occasionally inter-
bodded with medium gray sandstonNes scecscccsssssscocnsss 9

Homatitic caolite; dark reddigh brown, calosrecus and

Ooutic ® & 0 0 0 0 00 5080000 ° Q0P OO OO OO0 SO E S OO 0008 0se oS 0.3

Shale; medium dark gray, non-calcarcous, silty, inter-
bedded with mediuvwn Lray 2andatonBs sssecassssscsssssonss Aude

Hematitic oolites; dark reddish lwown, cslcoersous and

n’jli—ti{: ® ® 0 O E & OO0 F OO F O OO 8 SO O i OO OF A SO E E SO O S HOG e e 0o D.B

Shales medium dark pray, non-calecareousn, silty, inter-
bedded with medium dark gray SaNdstonef c.ccsceciescens 006

Hemptitic ocolites; derk reddigh brown, calecarsouns snd
oalltic yvith fragmentsry Brachiopod ghells .ccscssvsnne Dol

S1i1ty shele; medium derk gray, non-caloareous, micaceous,
figelle,with coprolites, trilobite tracks and burrows,
vorm burrows, with abundeant hystrichospheres and
chitinozoca (7); Yeryvhachium B8p., V. rhomboidium Dowmie
¥. (Eystrichopphasridium) lairdi (Defl.) Dif.,
Micrhystridium stellstum Deflondre, Hystrichorpaeridius
Iucidum Deunff, Baliispheeridium lonsispinosum

msellac;;) ® ¢ 0 © 0 00 00000 F 0O O OO 0000000 0 OO i OE SOOO G0 2
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Tnit Thickness
. e
nu. Feetl
i Hemanbtitic oolite; dark reddish browun, calcareciis and
oolitic, intercalated with sandstone and shale
1entic1';'g {25:':5 © 0 © 0000000000 L6000 00GLIESEBS L0 G OOMESe oo 2

12

<y

=]

Shale (50%); medium darle grsy, non-calenreous, silty,
interbedded with medium dark grey pandstones sceweccccsce 0.6

Sandstone (100%); dark greenish pray, partly calcareous,
fine ;I‘iiﬂed., Iﬁ.z&cﬁolts ® 0 05 ®© 0000060800600 00 s 0000800 ®Wmeoesee 2

Shale (90%8): medium dark gray, non-cslcarsous, silty
-and mieseeous, interbedded with medium gray send-
g""’:‘anE (10$) ................................'.........‘. 3.6

Samdptone with hemebtitic oolites; medium dark gray, non—
calcareous, fine grained, ferru inons, banded in
upper part,interbedded with 3 inch thick brown
hemstitic oolite bed, The spandatone is pertly current
bedded and worm borsd ee o e0ccec00000060000000000000000500S 1

Sandgtone with hemetitic oolite; reddish browm, highly
ferruginous with mica laminstiona =nd frafmentary
braﬂhio:*od 5}19113 5 © 06 000000000000 8 °0 00000000 0° 00000000 6o 005

Sandstone (80%); medium dark gray, pasrtly calcereous,
fine grainsd, with worm btubes snd winiasbure inter-
ference ripsle merks, interbedded with dark gray
T Y 0T L A NERSEREN 1 e ARG N e eSS T L | B

Hemstitic colite; dark reddish brown, calcarcous,
oolitic, The unit varies in thickness laterslly in
the form of lehticles., At some places lenticles shown thickness
af up,. B0 8 inch yith intercalsation of 1.6 inch
thick madium daric groy pebbly sandstonSs c.cecccevccsscsnse 0.2

Shale (80%); dark gray, non-calcareous, soft and fisaile
interbedded with sandstones,
Sandstone (20%); medium gray, partly celcareous, fine

éreilled ® ® 0 ¢ ® 00 & 00 " ® 0000 0000 ® e PO SO P OO OGO BSOS O 0 00000 6

Sandstone (100%8); greenieh pgray, oertly calecarecus,
fine Lr&inedmﬁmgivﬁ ® ® © © 90 00 00 00 00 ©0 0O a o OO0 0 e oo o0 2011-

Shale ('705}; mediun grey, mnon-celeareous, micaceous,

goft, pepery end figeile; interbedded with sandstonss,
Sandstone (30%); medium dark gray, pertly calcareous,

Al Pl pyanec st st sasmap i aeeREr s iE s s nagena 0



Thicknesas
Feal

Sandatones (80%); medium ygray, pertly caleareous with inter—

laminated medium dsyk grsy shales, Sandstones centsasin
1'?011'3 bord-n{.;ﬂ ® 0 © & 0 006 0002 P O e i ® e e O S8 OO G e e e e s e i e SO0 e 000 1

Shale (75%); medium dark gray, non-caloareous, silty,
micaceous, fissile and hard with sandsbone lenticles (25%)
haying brachiopod shells, These strata corntzin worm
burrows; Hoegisvhsers sp., BRhabdochitine maong Eisenscl,
Indeterminate spp., Vervhachium sp., Y. rhomboidium
Downie, iofuse Jjurassica Cookson and Eigennck?,

Foikilofusa 8p., Baltisphseridinm sp., Micrhystridium ep.,
H, g‘bella'b‘m:ﬂ DDflaﬂﬂm, Faltd icls 3 dium F'a ecseecesese 2

Sendstone (80%); medium derk gray, partly celcarsous, Tine
grained, handed, vipple marked with rare brachiopod
shells, trilobite burrows, interbedded vith medium gray

ﬁ‘lillﬂa ® 0 0 5 ® & 0" © 0 09O OO O T OO O E B O S O O C PP H OO CE SO0 e SO0 NG OSOEE T 2.6

Siizle (50%); medium gray, non-calecareois, micaseous, soft,
pepery and fiesile, interbedded with sandstones;
Hheahdochitine megns Bigensck, Vervhachium sp.,

Y. rhomboidium Dowvmie, V. trigninosum (Eisenack)?

Leiofugs jurassica Cookson and Eisgnack?, Bgltisphssridium
5Py H. longisninosum (Bisenack), Micrhvebteidium gbellstim

Deflendre, Faltiplicis ridium #p., Indeterminste sm.
sndstone (50%); medium Aaxk cray, partly calcarsous,

medium grained, These strats contain worm burvows snd
trilﬂbi't'e mmw ® © O 8 F 0o i 00 9000 eT S SO OO0 e 00O e OGS OGS COON 9

Sendatone (90€); greenish gray, pertly calcarsous, fine
grained, massive ylth interlegmingted shalss,

Shsle (10%); modium pray, non~coleareous end micaceous,

Thepe gtrsta are progent ab the foob of Cliff ..ee.cnvccsnsas 5
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Table No, 14

Section studied in detail &t 2 ploce between Grebepg Nest Point

--_, fnll Island South Hepd (Locslity Mo, 347), from top tolotiton, the
eu=nc= ig as followss

Thickness
Tect

Overlying strata, coversd with alluvium,

Shale {100%); dark pray, non-calcareous, soft, micaceons,
End 511W W & " 0 05 0600000000008 0000 08 SE OO ESOSONESSOSOSSNS -“*

hole (100%); dark yray, non-cslcarcouns, micaceous, soft
and pepery with eone-in-cofic 8bructUrSs ...esccsencsscnsas 1B

Sheale {1005); dark pray, non-cslesrsoun end fine pgrained .. 210

Shale (90%); dark gray, non-caleareous, z0ft, micacsous,
8ilty, fisslle with lenticles snd conoretionsa Eu;c to
1,06 £%. in diameter) of daxk grayr sandatones {10%) .c.es 56

Sandstons (60%); medium dark gr&y, non-calcareous, fine
grainnd, bonded, with pyrite contentg, lomlinasted mnd
interbedded with daxk gray sheles (A08) ccecccscacvacsnna 5

Sandotone(65%); medium derk yray, non-calcarcous, fine
greined, banded, interbedded with shsales.
Shale (35%); medium gray, non-cnloeresus, soft end fissile . 15

Shele (708); derk gray, non-calesveous, soft, intsrbedded
with gsndstonss (1{3555; 1ioht pray, fine grained, banded
vith two beds of pyrite gpheroids (20%8), the sandstons
conteins greptolites in lower 3 lnches and upper 7 inches
thiﬂk b‘e’d.ﬁ P8V ecessscssnocscooccacsseseosNeNoNos asoBoseoal 15

Shale (50%8); end sandstone (50%); medium dsrk gray, both
rock types sre mixed with pyrite spherdilds and hlue
frﬁgmﬂn‘bm brachiamd lsh&uﬁ ® ® ¥ @ © 00 0000 ® s " 0 GO O OSSOSO BOSOOO 1

Sandstone (100%); dark gray, non-cslcarecus, fine grained
with pyrite spheroids and abundent derlt griy shale and
ﬂmdﬂtom m‘bblEg ® B © O 00 0 0P OO & @ ° O OO OT B OO T OO OO 60 & e e 0 0o 0.7

Sandstone (100%); zreenish black, non-calcarsous, fine
grained; with hard pyrite pebbles np to half inech in
lﬂn.gﬁh’ ﬁ.t]d WTitE BPhBrOidﬂ ® © 00000 e 0000000 ie 00 QO 1-3
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Thiclmnees
n‘-:\ —

Sgrvistone (100%); greenish black, non-cslcareous and fine

!-__rﬂlied ® @ & & 068 05 0O F O 08 OO OO0 PO SO S eSS e e 00 G080 e eSS0 o l.g
lemetitic oolite; grayish red, non-salcareocus, oolitic,

ooccagionsally laminated by sh8les ..cceccsccaccrocosvssses 3.6
Hematitic oolite (100%); dark reddish brown, non-csal-

carsous, oolitic with occasional shale leminsfions csee.ee 3.9

H 3hele (80f); derk oray, non-ealcsreous, figgils, with
very thin lsntieles of pgresnish black szndstone (208) ... 1.3

ic oolite (60%); grayish red, non-calcareous

ic, haxd, interbedded with derk gray shsles i&Dfé).
Hematitic polite ie occasionally current bedded with

Gﬂt&:y'br&ﬂhiopﬁd ShEllS e eve0ses00cc00c0000s 0RO 3

F Hematitic polite; dark reddish brown, calcarsous, hard
with grecnigh hleck pandstone pEELles wessecsscsssescsssss 0.2

in+:f3—rbﬁdd'\.§d Wit}l da.r:‘l: urﬁ:}r ﬁl_ialﬁ's ® ® 00 OO0 60O 0000000 0 00 00 O.6

D BSandstone (50%); greenish black, non-calcarsous, fine

grained, interbeddsd with ghales.

Shale (50%); dark gray, mwn—csleareous, fissile and
miceeceous, fossiliferousy Vervhachium sp., V.rhomboidium
Dowvmie, Y.trispinosum (Eigenack), Mierhystridium
gtellatum Deflandre, Multiplicisphseridium sp.
Baltispheaeridium sp., E.longisninosim (Bisenaciz),
Indeterminste Sllle s0es0co0sesssscscccrsssscsccscssscsonocsssocas 0.10

C JNematitiec oslite (100%); dark reddish browa, non-calcar—
eous, massive, hard, rarely oolitic, mostly present in

the gruunﬁm&EE @0 06c000000ss 800000000000 cs000000cs0000008S 206

B Sandstons and hematitic oolite; brownish gray, calcareous,
fine grained, both strate are mixsd and jointed .......se P

Sandatone (100¥); dark yrsy, non-calcareous, fine grained,
This unit is present at the foot of cliff and dips down
il‘lto 1.1:!13 OC!BI!.IJ. # ® 00000000000 0000 0000000000000 e ee00ee 001




Petrography

Fig. No, 64, Magnification x 280 (approx.), Locality and

giide No. 344, O.

Fossiliferous silty shale, In this slide a coprolite
has been cut parallel to the bedding and exhibits hystrichosphere
and broken chitinozoa (?) tests (2.95% by point count) distributed
throughout the groundmass. These microfossils are too small to be
geen in Figure 64, In addition random distributions of fine grains
of clastic quartz (3.95%) and mica flakes (mscovite, biotite and
.Lghlorite, 1.63%) were seen in it. The remainder of the section shows
an "argillaceous groundmass" (91.45%) containing a number of different
 kinds of mineralogical and chemical constituents in a more or less
homogenous mixture, including quartz, cryptocrystalline silica,
micas, clgy minerals, iron oxides, and phosphate. The photomicograph
shows varying sizes of quartz grains in which larger grains are
present probably as the result of the disruption of originally even

bedding by the activity of 'worms'.

Fig. No. 65, Magnification x 70 (approx. ), Locality and
Slide No. 345, B.

Chamosite rock (ore). A thin section cut perpendicular
to bedding exhibits chamositic oolites, spherules and nodules cemented
mainly with a chamosite matrix, but occasionally with hematite also
forming part of the cement, The groundmass locally is replaced by

s8iderite, The spherules have nuclei of brachiopod shell fragments
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Fig.64 Photomicrograph. Showing quartz grains(silt
grade) in shale. Lacality and Slide No.344,0,.
Afrfield Formation.X280(approx.),under crossed
nicols.

Fig.65 Photomicrograph of chamosite rock(ore),
showing chamositic oolites and nodules.
Locality and Slide No. 345,B,Airfield Formation.
X70(approx. ),under polarized light.
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and are oriented in one direction on bedding planes. A few of the
oolites occurring in the alternating layers of chamosite and hematite
heve quartz nuclei. Occasionally the nodules contain angular quartz
sragments. Rare quartz grains (subrounded in shape), leucoxene and
pmegnetite grains make up the accessory minerals., The chamosite
nodules contain hystrichospheres (Veryhachium sp., Micrhystridium

} gtellatum Deflandre) but are not present in this photomicrograph.

Figure No. 66, Magnification x 70 (approx. ), Locality and

8lide No, 345'D,

Sandstone., Figure 66 shows a thin section, cut perpen-
dicular to bedding, in which is seen fine quartz grains, rounded to
subrounded in shape, and of about 0,14 mm, in diameter. They are
well sorted and held together with chloritic, sericitic and
giliceous cement. Locally the quartz has been recrystallized.

There are a few spherules (from 0.15 to 0.24 mm, in size) of chamosite
and limonite, and also oolites made up of alternating layers of the
same two minerals. These structures contain nmuclei of either quartz
or magnetite. The brachiopod shell fragments in the rock are

oriented in a single direction, Magnetite, leucoxene and zircon are

Present as accessory minerals.

Fig. No. 67, Magnification x 70 (approx.), Locality and

Slide No. 345, D.

Sheale. A thin section cut perpendicular to bedding

shows mica flakes and quartz grains set in a ferruginous and clayey



Pig.66 Photomicrograph. Sandstone showing well

sorted quartz grains. Locality and Slide
No.345',D, Airfield Formation.X70(approx.),
under crossed nicols.

Fig.

-

67 Photomicrograph. A worm bore in shale
filled with clastic quartz grains.
Locality and Slide No.345,D,Airfield

Formation.X70(approx.),under polarized
light.



groundmess containing fragmentary brachiopod shells. The rock is
chot with worm tubes (see Fig. 67) which range in cross-section
petween 2,0 and 9.0 mms. The borings were filled with clastic

guartz grains (subrounded to rounded) of agbout 0.16 mm. in size which
are now loosely held together with sericitic and chloritic cement.
The chloritic groundmass of the rock contains hystrichospheres
(Micrhystridium stellatum Deflandre) not seen in the figure.
leucoxene, magnetite, zircon, and siderite (replacing chlorite) are

the accessory minerals.,

Fig. No. 68, Magnification x 70 (approx.), Locality and
Slide No. 454.

Greenish-black sandstone. A thin section cut perpen-
dicular to the bedding (Fig. 68) shows quartz grains of subrounded
to rounded shapes, about 0.17 mm. in diameter and cemented with a
chamosite groundmass. They are moderately well sorted with a rim
of hematite., The spherules of hematite and oolites, made up of
alternating layers of chamosite and hematite, are scattered through-
out the groundmass. This rock type grades into another kind which
exhibits quartz grains cemented with magnetite and chamosite. Frag-
mentary brachiopod shells are common in the rock. Locally siderite
is found replacing chamosite in the groundmass. Zircon and leucoxene

are the common accessory minerals.
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Fig. No. 69, Magnification x 70 (approx.), Locality and

glide No. Subterranean 1189.

Hematitic oolite with interbedded calcareous shale(from
deep mine workings, A thin section cut perpendicular to the
bedding planes (Fig. 69) exhibits alternating bands of hematite
spheroids and highly micaceous calcareous shale. . The spheroids,
and rarely the oolites (of hematite and chamosite layers), are oval,
having been more or less compressed owing to compaction. The rock
exhibits local micro-crossbedding. The spheroids, with a range
of size from 0,06 to 0;20 mm, , contain nmuclei of quartz, chamosite
and calcite, and are loosely cemented with a calcareous groundmass,
Some spheroids are composed of chamosite. The muscovite mica
flakes in the chloritic shaly part ere oriented along the bedding
plane similar to spheroids, lMagnetite and leucoxene are the

accessory minerals.



“’--' ".

Fig.68 Photomicrograph of sandstone showing quartz
grains of subrounded to rounded in shape,

Locality and Slide No.454, Airfield Formation.
X70(approx. ), under crossed nicols.

Fig.69 Photomicrograph. Oval and flattened hematitic
oolites, Locality and Slide No.Subterranean,

Airfield Formation. X70(approx.),under crossed
nicols.

Note:lineation of oolites between arrows.



- 141 -

Wzbana Formation
Webane

Iower Member

About 1/4 mile east of Ochre Cove a very thin outcrop section
of the Lower Member (10 feet thick) was measured by the writer in
December, 1965, However, since then the mining company has dumped

weste rock on this outcrop completely burying it.

A contained graptolite fauna which is present in the member
is indicative of a change in marine environment from that in Wwhich
the underlying Dominion bed and other hematitic oolite beds of the
Airfield Formation were deposited, Living graétolites are believed
normally to have been creatures which lived in open oceans and not in
the shallow parts of the seas., When they are found preserved in
black (graptolitic) shales it is assumed that these are deep water
marine facies. This change from oxidizing conditions typical of
hematite deposition could occur only if a major subsidence of the
ocean floor had taken place, Additional evidence for a significant
subsidence is provided by the presence of an overlying stratum of
spheroidal primary iron sulphide minerals (Pyrite bed), containing
ebundant pyritized graptolites, undoubtedly deposited under reducing
conditions. This section of the Pyrite bed contains no traces of
iron oxides. Thus gcochemical evidence indicates that the subsidence
of the shallow water hematite deposits took place at the close of

the deposition of topmost members of the Airfield Formation.
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The spheroidal pyrite occurs in three bands, which vary
laterally in thickness with the thickest reaching a maximum of one
foot at a stratigraphic level about 9-feet above the highest hematitic

oolite bed of the Airfield Formation.

In lateral extent the pyrite beds thicken, thin and pinch
out within short distances but the main Pyrite bed itself is very

prominent and persistent,

Several sedimentary structures were recognizable at an
exposure located directly above the Dominion bed in the east working
face of the same open cut located sbout 1/4 mile east of Ochre Cove,
At this locality the absolute thickness of the beds above the iron cre

horizon could be measured, giving the followin: succession:

(Blue graptolites with

Shale bed partial pyritization)
Pyrite bed with local shale partings 6"
Shale bed 3 1/2%

HHMRHIHINNAAE Conglomerate HHHHIIIMHIIINEINMIIIRXNN

Songlomerate

a5%

Iron ore (Dominion bed)
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Eerpgrapty
Fig. No. 70, Magnification x 70 (approx.), Locality and
Slide L.iro. H‘. B.; I.
The rock seen in this slide is dark gray to black in colour,
non—calcareous, fine grained and highly fossiliferous. The contained

pyritized graptolites, pyrite spheroids, and pyrite nodules are cemented

by a siliceous and shaly groundmass.

A section cut perpendicular to bedding (see Fig. 70) exhibits
rectangular, rounded, and elongate Aval masses (spheroids) of pyrite
unevenly distributed and cemented with a siliceous shaly groundmass,

In some parts the pyrite spheroids and nodules contain angular to
subangular brown brachiopod shell fragments and quartz grains which
indicate that during sedimentation both types of constituents were
transported into the deeper ocean waters and deposited on the sea

floor where some later were replaced secondarily by pyrite. The pyrite
spheroids and nodules are loosely held together with an extremely fine-
grained, siliceous, shaly groundmass sugcesting that an original
siliceous mud was present and that in a later stage the pyrite con-
stituents were cemented with it. Occasional spheroids contain

recrystallized quartz grains.

The groundmass in general is siliceous and shaly with
recrystallized quartz grains., MNica flakes (muscoviie and biotite)

are abundant, Accessory minerals include magnetite and zoisite.

Orientations of the brachiopod and graptolite fragments
sug_ est agitated waters were present at the sea floor-ocean interface
at the time of their deposition, and that they were swept together

either by wave or current action.



Pig.70 Photomicrograph of pyritized shale showing
pyrite spheroids, nodules and pyritized
graptolite fragments,lLiocality and Slide No.

Py.B.I.,Lower Member.X70(approx.), under
polarized l1ight.

Fig.71 Photomicrograph. Pyrite:spheroids and
nodules with quartz fragments in pyritized
shale, Locanlity and Slide No.Py.B.I.,Lower
Member.X280( approx. ), under polarized light.
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Middle Member

The Middle liember of Wabana Formation crops out intermittently
for zbout three miles from a locality between Gull Island South Head
and Grebes llest Point, on the northern coast of the Isgland, to Ochre

Cove &gt its western limit.

This member has a total sedimentary thickness of about 200
feet. It comprises a lower sequence of sandstones with shale pmrtings
containing several hematitic oolite beds, and an upper 15 foot sequence
meinly made up of hematitic oolite beds which alternate with dark gray
shales.

Two sections which are described in detail cover a major
part of the stratisraphy of the membher., The first section was
gtudied at map stations llos. 347 and 359 and the second immediately
southwest of Gravel Head (Locality No. 378) on the northern coast of

the Island.

The hematitic oolite bed (Scotiz bed of Dr, Hayes) is cross—
bedded indicating that in this area shallow water conditions probably
were present during most of the time of its deposition (see Figs. 72
to 75). The greenish-gray sandstones, seen at station No. 345, show
symmetrical and interference ripple marks, worﬁ borings, coprolites,
and rain prints, all of which are indicative of a shallow water

origin (see Figs. 72 to 74).

The topmost hematitic oolite bed is overlain by a 3 inch
thick pebble bed of which the upper surface marks the upper contact

of the Middle Member,



o, 4
.l 34 ..

The occurrence of sandstone concretions (ranging up to 3
feet in diameter) in shales is one of the characteristic features of

this member (see Fig. 75).




?i’g.'?é Photograph shows rain pr:Lnt-s ﬁ-mdstone, Middle
Member, northern coast, Bell Island.

Note:the rain drop impressions are extremely fine and
as can seen particularly welll in the encircled area.

| . b 2 - g : -!,'_._' '-:5“_J- ey
Pig.73 Wm_rm borings in micaceous aandstone,

Middle Member,
narthern coast, Bell Island.




Fig.74 Showing interference ripple marks in micaceous
sandstone of the Middle Member, northern coast,
Bell Island.

Fig.79 Photograph shows sandstone concretions with ealeite
veins in dark gray papery shales, Middle Member,
open mine working, northern coast, Bell Island.



Table Ho., 15

Section studied in detail abt & place southeaat of Grebes Nest
Point (Locality Weo. 359), from top to-bobtom, the sequence is as follows:

-
Tnit £ - Thickness
o, -y . Feet
. & : - -
— —E
Overlying straba, covered hwibhy allyyvium,

* _. -l

L Pebble bed; brown, fine grained gandalene with shale
0.3

pe't'bleﬁ ..................l.Q"‘ﬁ..;..OOOODO.‘.....0...'..

Hematitic oolite (ore) (LO0%); creyish brown, ocolitic,
Croﬁﬁ"beddﬂd ® ® ® & ¢ & 5 0 o O 0 0 00 " OO D SO SO SO LSO PGS 00 0000 7

259,A Sandstone (100%); greenish black, non-—csleareous,
interbedded with daric gray shales and grayish green

Shale (80%); dark gray, fissile, non-celeareous, inter-
bedded with greenish black sandstones (20%) e.ececccces 0.3

Sandstone (808); greenish black, non-~cglesreous, lamin-
gbed in upper part by 10 inches thick dark gray
Shal&S (20%) e @000 0000000000000 s00 00000000000 ERG00 1.3

Hematitic ocolite (70%); crayish browm, oolitic, inter-
ba&dad With brEEHiBh hlack Saﬂdﬁtﬂnﬁ (30%) ® 50 5 000000 0F 1.3

Sandstone (100%) : greenigh black, non-calcareoue sand
fine El'ﬁinﬂd © © 00 © 000000 0060000 r00 00000 TOses00000GOSERGLESN 103

Sandstone (60%); dark greenish yrsy, non-cslecareous,
fine greained, banded, current beddsd, interbedded
"f]j,'th dﬂrk ‘_,I‘Hcf Shﬂeﬁ (I'!FO%) ® 8 006 0000000080000 0000 000000 3-9

Sandstone (50%); light gray, celcare-us, fine grained,
banded, current bedded, beds with glant worm tubes,
Shale (50%); medium gray, non-calcarcous, Ffissile,
interbedded with 82andstonNes scecsesscsssassnncsssspncns Jal

Ssndstone; lipght gray, calcareous, fine grsined, banded,
occasionaelly with dark gray shale pebbles up to half
inch in length, Iinterbedded 818 lsminsted with dari
cray sheles which contain worm borings and tubes .ceecee Tob




followse

Tsbhle No., 16

Section studied in detell ab & place immediately southwest of
Grovel Head (Locality No. 372), from top to bottom, the sequence is as

Pnit
Tioc.

Thiclmess

Feet

372,M

i

Overlying strabts, coversd with alluvium,

Sandstone; greenish blask, non-calcersous, fine Lrained,

Jointed. In bebtween the joint planes occur fillings
of henatltio BOINTEONA sowsatinie s daovad ane b uais Tuswass

Sandstone; medium grsy, non-calcareous, fine grasined,
nixed with dsrk gray miceaceous shzles, Sandstone
unit occasionally ocecursg as lenticular inberczlations

in BllElBS ® & ® 060000 000000 0T SO O 00O N e ¢ O s e 00 OGSO RO

Hematltic oolite with siliceous rock; very dusky red,
the siliceous roek (greenish hlacki end hemstitic
polites are mixed, The hematitic oolite beds
occasionally show k grzy shsle intercelations
and light gray phosphatiec nodules (containing
hystrichospheres) up to 1 inch in length occur on
b@ridj_!ﬁ_: plalrles ® O © 00 08 06 SC SO OO G OSSOSO O SO e e 0000

Hemstitic oolite; very dusky red, non-calcersous, Very
finely woolitic and with occasional hematitic spheroide .

Sandstone (100%); derk gray, non-calcareons snd fine

';rrﬁlr}!ed & ® 0 5 @ O & ¢ T 9 OO 00 0O SO e OO 0O O OC e e N O S0 s BEK OO e SO

Shale (85%); dark grey, non-calcareous, sofi, papery

with intercalstions end lenticles of medinnm dark

5_;1‘5:}" SE’lI(iEtGllf}' {15%) ® 8 @ 006 0 0 00 000 50 OO F SO P S OSSP L0 s WE O ESS
Sandstone; dark gray, non-calcareoug and fine grained seee

Shale; dark gray, non-calcareous, soft and PAPETY c.csscee

Sandstone; medium gray, non-calecareous, fine grained,

[

-I'Jj--tlb. SD!Ile Phﬂﬁph-&tic pebhles ® ® & & O O P OB OO F S O O O 0 E e 00 iaE O
Shale; dark gray, non-cslcareous, fissile snd micsceous ..

Sandstone; medium gray, non~calcareouzy fins grsined,
interbedded with dark pray ShalesS eccecssccsscosccsos sssns

2.6

6.3

ba5

L9

1.7
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Tnit Thieclkneg
Ho. Feel

Shale; dark gray, non-calcareous, silty with worm

b‘;_L'.!.‘I‘D'L.FS O @ ® 88 000 000 & 0 05 8 " P O S G B SO SO O L O sSSPt e O ee s e 0N :?‘
Sandstone; medium gray, non-calecareocus, fine . grained,

interbedded with dark zgray shales having giant worm

-tubaﬁ ® @ & 0 20 0 0O 0O SO0 0 s S LT eV O T O e S0P Se SE e e E a0 O ®aa o0 f?

Shele; dark gray, von-calcareous, silty and sandy with
woInm hurrows @ ¥ & 06005 0000000609060 8900000000000 0008 s0000e e 5

I Sandstone (80%); medium grsy, non-calesreous, fine
grained, cccasionslly shows guartz lenticlss,banded,
current bedded, interbedded with dari grsy shales (20%)
having giant worm tubes. These strsta are interbedded
with & half inch thiclk pebble Bel scescisssscsissossssss a9

)

Shale (100%); dexrk gray, non-cglcarsous, silty and
sandy, micaceousg ywith worm DUrTOWS cesscsscsscssssscaces 05

Pebble bed; dark grsy sandstone bed with dark gray

EIL&J-Q pe131-les ® ® & 600 0 ¢ S 0B OO OO OSSN L OV S OO B O S TS S e S0 e oS 002

F Shzle (100%); dark gray, non-calesrsous, figsile and

L'}icaceous ® ¢ 0 0 & 0000 e OO OO DO O OO OSBGOSO OO SN 00 v e 0 et 000 0.5

=

Pebble bedjy dark gray pebbly sandstone bed, partly
calcarecus, fime grained, with medium dark gray to
dark pgray shele pebbles up Ho 1 inch in length and
WEEr Band dee bonse e S0 sasstes (pilebibatPlins «bisesanbdhbe: Ll

D Sandstons (100%); medium gray, non-cslcsreous, medium
‘to fizle bra:"hne{l @ O F 2 0060006 90 00 00 00O OO OO O OO OO 060 SO OGO OOLE 0.6

C Hemabitic ocolite ore (1008):; very dusky red, non-

calcareous, This was the main ors bed which has

been min":‘d -[Jy mscc ® 00 O 00O BSOS OO O OO O T O OO SO G S 6o PO OGP 5.6
B Shale (70%); dark gray, non-calcareous, imterbedded in

lower 2 feet by 3 to 4 inehes thiclk, non-calcareous
hemetitic oolite (30%), the shals occurs mixed with
dthe' herm‘ti‘bic G‘Dlj_te ® ®© 0 6 C ® 606 C T O OO0 069 &0 0O 00 P00 0DE OGO GOSOOIDL 8

& Sendstone (60%); greenish grey, non-calcareous, medium
grained, banded, interbedded with dark gray &hales (408)
having giant worm tubes upto 8 inchesg long and 1 inch
in diameter present mostly slong the bedding planes,

These stratz are present st the foot of Cliff sevcsceces T
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Fig. No. 76, Magnification x 70 (aﬁprox.), Locality and

glide No. 347, I'.

Pyritiferous sandstone, A thin section cut perpendicular
to bedding shows quartz grains (about 40%), medium to fine grained,
moderately sorted, subrounded to rounded in shape with a range of size
from 0.05 to 0,11 mm, Pyrite spheroids and nodules (about 60%) of
0.07 to 0.18 mm, in size are abundant gnd along with fragmentary
brachiopod shells are oriented parallel to the bedding planes, Locally
the quartz grains and pyrite spheroids appear together in pyrite
pebbles of about 0.95 mm. in size, A thin film of silica (chalcedonic ?)
forms the outer rim of some of the pebbles. The quartz grains, pyrite
spheroids and pyrite pebbles are tightly held together with a sericite
and siliceous matrix. The quartz grains in the rock exhibit graded

distribution.

Fig. No. 77, Magnification x 70 (approx.), Locality and

8lide No. 347, J.

Shaly sandstone, Figure 77 is a thin section cut perpendic-
ular to bedding exhibiting unsorted quartz grains which vary in sigze
from 0,05 to 0.72 mm. The pyrite contents are similar to rock No. 347, I
but they show poorly developed orientation, are unevenly distributed
throughout the groundmass, and along with quartz grains are cemented

with a pyritic and siliceous matrix,

Locally the sandstone is impregnated with silty shale. In
generz1l the rock contains a sandy part (sbout 40%), a shaly part (about

40%), and pyrite contents (about 20%).




Pig.76 Photomicrograph. Showing pyrite spheroids:
and pyritized brachiopod shell.fragments
Loecality and Slide No.347,1', Middle Member,
X70(approx.), under polarized light.

Fig.77 Photomicrograph of shaly sandstone exifibiting
pyrite spheroids, brachiopod shell fragments
and shale inclusions, Locality and Slide No.347,d,

Middle Member. X70(approx.), under polarized
light.



Fig. No, 78, Magnification x 70 (approx, ), Locality and

Slide lo. 347, Co

Sandy hematitic oolite, This thin section, cut perpendicular
4o the bedding, is seen to exhibit oolitic and massive hematite which
sonstitutes the groundmass and forms about 80% part of the robck. The
solites are made up of alternating layers of hematite and limonite (not
ghown in this photomicrograph). The quartz grains (sbout 20%) are sub-
roundecd to subangular in shape., Subrounded chamosite grains with

 erystallized hematite are also present in lhe groundmass.

Fig. No. 79, Magnification x 70 (approx.), lLocality and
| Slide lo. 378, c.

P

Hematitic oolite with shale intercalations. Figure 79 is a
| thin section cut perpendicular to the bedding. It contains spherules
and oolites of hematite, ranging in size from 0.16 to 0.42 mm., in a
groundmess of microerystalline chamosite. The oolites are composed of

élternating layers of hematite and chamosite which variously have

‘muclei of chamosite, quartz and magnetite., Their long axes are oriented

in one direction in the rock slice and they are loosely held together

in the ~roundmass. In this thin-section of shale can be seen a worm
‘bBoring which has been filled with hematitic oolite. Highly micaceous
811ty shale (about 5%) is present in the form of interecalations.

The hematitic part constitutes about 95% of the rock., A few fragments
®f quartz occur in the zroundmass., This specimen is from the principal

OTe bed mined by DOSCO.



Fig. (3 Photomicrograph off sandy hematitic oolite
showing clastic quartz grains; in a massive
groundmass: of hematite, Loecality and Slide
No.34T,C, Middle Member. X70(approx.),
under polarized light.

Fig.79 Photomicrograph. A worm bore in shale filled
with hematitic oolites, Locality and Slide No.

378,C, Middle Member. X70(approx.), under
polarized light.
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Fig., No. 80, Magnification x 70 (approx.), Locality and

Sﬁde Ho. 378, B.

Pebbly sandstone. In a thin section, cuvt perpendicular to
hedding, fairly well sorted quartz grains of subangular to subrounded
shape, with a rang; in size from 0.0l to 0,14 mm., are closely held
together with sericitic, chamositic and calcareous cement which also
forms the groundmass., Included silty shale pebbles are oriented in

one direction in the groundmass and contain occasional hystrichospheres

(Baltisphaeridium microcladum Downie), but these microfossils are not

ghovm in this photomicrograph. The pebbles are highly ferruginous and
some of them contain chamosite spherules and oolites., Some spherules
are distributed randomly in the groundmass, Their diameters range from

0.2, to 0,32 mm,

Fig. No. 8l, Magnification x 70 (approx.), Locality and

@lide No, 378, K.

Hematitic oolite with phosphatic nodules. TFigure 81 is a
photomicrograph of a thin section of a phosphatic nodule cut parallel to
the bedding. In it can be seen an uneven distribution of hematitic
oolites and hematite spherules with quartz and chamosite nuclei. The
8ize of the oolites and spherules range from 0.08 to 0.28 mm, A phos—
Phatic groundmass contains very fine flakes of muscovite, clay particles
and silica, recrystallized hematite, quartz grains (subrounded to sub-
engular), leucoxene, magnetite and chamosite. The groundmass yielded
Several species of hystrichospheres (not seen in the Figure) after

ehemical maceration of the phosphatic nodules.



Fig.80 Photomicrograph of pebbly sandstone. Shale
pebbles and fragments in sandstone, Locality

and Slide No.378,E,Middle Member,X70{approx.),
under erossed nicols.

Fig.81 Photomicrograph. Showing uneven distribution

of hematitic oolites in phosphatic groundmass,
Locality and Slide No.378,K,Middle Member.
X70(approx. ), under polarized light.



A modal two-dimensional analysis

counter) exhibits the following percentage

Constituents

Phosphatic material

Quartz

Hematite

Oolitic and spherulitic hemstite
liagnetite

Hystrichospheres

Total

of the nodules (by point

of different constituents:

Percentage

71.6
8.7
8.5
T4
2.02

1,40

99.62

Fig. No. 82, Magnification x 70 (approx.), Locality and

Slide Ilo. 460, S.

Sandstone. A thin section (Fig. 82) cubt perpendicular to

bedding exhibits quartz grains, of subrounded to rounded shape with a

range of size from 0,0l to 0.12 mm., closely held together with

sericitic and siliceous cement. The rock is highly micaceous (biotite

almost completely altered to chlorite), well sorted and exhibits

Occasional very fine bands of shale, lMagnetite, zircon and leucoxene

constitute the accessories.
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Uppef Menber (Grebes Nest lMemB&r)

The stratigraphic thickness of Grebes llest Member, which is
the youngest member of Wabana Formation, is about 100 feet. The lowest

ped of the member is separated from the top of the Middle Member by an

unconformity at the base of a 3 inch pebble bed. Sandstones and shales,

measuring about 40 feet in thickness, overlie the pebble bed and, in
combination with an additional 50 feet of overlying hematitic oolite
beds, sandstones and shales, constitute the Member (see Fig. 32). In
the Upper Member occur a series of oolitic hematite beds separated by
 gandstone and shale partings, and containing chamosite and siderite

with small amounts of hematitic oolite.

A well-exposed cliff seciion of the Member occurs at
Grebes Nest Point, on the northern coast of the Island, where details
of the primary sedimentary features of the Member can be studied

(see Fig. 83). The cliff section at Locality 362 is described below.
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Fig.82 Photomicrograph. Fine grained sandstone

with shale bands,lLocality and Slide No.460,S,
Middle Member. X70(approx.), under crossed
nicols. B

’

Pig.83 Photograph shows studied section Nw.362 at
Grebes Nest Point, Grebes Nest Member, ‘northern
coast, Bell Island, View W



Table No., 17

Section studied in detail at Grebes Nest Point (Locality MNo. 362
nmorthern coast of Bell Island, from top to bottom, the sequence is as=
followss:

Unit Thickne:

-

No. Feset

e

Overlying strata, covered with alluvium,

3¢2,¢ Shale; dark gray, non-—calcareous, silty, micaceous, papery,
fisslile, This mwnit occurs at Ltop of cliff secltion wessssns Uss

Sandstone (95%); medium dark grsy, non-calcareoug, fine
grained, with micaceous ghale laminations (5%) cececcceccss Oub

b Shaly (508) mnd siliceoup rock (508); dark grzy shaly rock
mixed with pgreenieh bhleck siliceous rock ghow light gray
phoaphatic nodules with large worm Durrows up to 1 foot
in length and 2 dinches iD dlameter st ecatecstssoossswmnss 1

a' Siliceous rock with hematitic oolite; mixsd roclk, grayish
I‘Bd m:.t:'l brﬁ@lﬁ_ﬂh ti.’f‘l{,& m‘;d nmn—calcarﬁﬂllﬁ o0 00 o0 s 00000 00 0. B

e Shaly siderite rock; very dusky red, partly calcsrecus
&ﬂd fine :;r::iﬂ—ﬁd ® © 8 © 0 0 & 0 0 0 ° 0 ° 00 F o0 0 O8O e 00 i 00 e L O e @ e R O OO o.l

Z Siliceousa shaly rock with phosphatic nodnles; hrownish
and greenish black with brown staing, Blightly oczlesr-—
sous, rarely ovolitic, nodules wiih brachiopod shells
and microfossils; Ansochitina flaség Collinson and
Schwalb, operculum of Degmothitins?, Veryhschium
frisvinosunm (Eisenack), V.rhomboidium Downie,
Baltigphaeridium sp., 2. longiespinosum (Bisenack),
Micrhystridium gtellstum Deflaendre, Multiplicisphaeridium
Bhe, INAeLarmtinato BPD. esesssssssssoshintscsaccce cocsincosa 208

X Hemstitie ocolite; pgreyish brovm, non-calceresous, Y
Goli!i.i-c md Thombic @ 5 @ 5 © & ® 0 O 0 OO 5O 5 S OO H S OB 0O OO e 0 00 06 B e 0.1

i Chamosite rack (ore); greenish hlsck with brown stains,
W poorly calesreoid, fine grained anf pertly 001litic ccccecece Lol
X

Slste; dark gray, non-celceErecus ond very Rard secececcoscnscan Db

Chamogitic and shaly rock; mixud roelk, dark greanish groy,
fine grained with fragmenteyy brachiopod shells ic.ecsseseea ol

Slate; dexrle Fray, non-coloardeus 2nd vary hHerd seeccececcsssne Db
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Thicimess
Feat

Chamogitic shaly rooks: mixed rock, dark presnish gray, non-
enleareous, fine grained, with fragmentary brachiopod
Ehells asd shale DODDIEE secatssibbosnrtPhadsts casnsnnanssr 3

Slaste and siliceous rock; dark gray, mon-calosrsous,

mioacecus, very hard with worm DUrTOWE e.cccctcscccspescsns Jor
Hemsbitic oclitsy grayish red, rhombic and oolitle 4ececccnce 06

Hoemstitic oolite mixed with silicecie yock; [rsyidgh vad
with greenish tinge and non—colcareOUs ssecscscesescccsssss Uadh

Hematitic oolite; grayish red, rhombic and 0olidic cecceeneee 0.7
3ilipeous rocolk; fAark gresnizh ray with slaty shsle ....cee0ee 0,1
enetitic ocolite (ore);

yraylish red, Thombic and colitic s... 2

—

-

[

Slsate vibth siliceous rock; dark gray, non-calcareousd,
micacenia, wlth occcmsionsl greesnish blaak siliceotis

:}e":"l-_—.les @ R OF 068 60 00 000000 SO0 e e s eT I OeE 66 6006006000600 00800000 l.2

3late with giliceous rock; darlk gray, non-gslcaraous,
picaccolus, very haxrd ndth 1orm DUTTOWE assemecsssasvsces sos et

Hematitic oclite; grayish red, non-saloavsous, ocolitic
aIld 1‘h[}mﬁic ® 6 0 ® & O F @ F O OO E S OO FE OO HE O F WO OE FOEEFF SO O F OFE OGO O SE GO 0.3

Silicegus rocks greeniah black, non-gslosreous, and fine
grained with worm burrows and ripnle Warke cesceccocvecsenss 02

8iliceous rock with hematitlec oolite; mixed rocke, greyigh
refd wvith greenish tinge, NON~CHlOEIBOUR sscespsssssscsenssn Spl

Hematitic oolite; grayish ved, rhombic and oolitic ccescecens 0.3

8ilicecus rock snd hemrtitic oolite; mixed rock, prayigh
I‘E'd ‘-’it!_i &I‘EEY&.E}I tinl__,E', md ﬂaﬂ—ﬂﬂlﬁﬂl"emﬂ " em v o 00 o200 0000 m. ':'

8iddiceous rock (parting); derk greenish gray, with very
fin‘e'l t—;r&ined an E‘nd El‘g-b- $}-lda ® ®© 0 F 0" O 0" & 00" 0 OO0 O GO D.l

Hematitic ocolite; prayish red, non-calcarsous, rhombic
ﬂnﬁ ooht'ic ® ® 6 6 00 000 F OFE 9 F GO 0O 90000 s 0L s OF S0 006060 aas 6o owmBO 101

Siliceous rock; greenigh black, non—calcareous, and fine

Erm&d ® ® ® 0 00 0 0 0 0 O 0P OO O L OO OO OO OO0 S0P eSS0 OO e O N T E e s S SN 0.1
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fnit Thicimess
o, Feeb
i 5 Hemetdtic oolite {ore); pgrayish red, non-calssrecus,
rhombiec and oolitic, occcazionally occurs wHth darik gray
Fllflc Pi':faini‘s ® 600 006060 8" 0¢ 00000006 0BBlacnE OGSO 0 S0 G0 e 2
Hematitic cclite; gzayich red, thombiec and ooldtic c..cecses 0.2
Siliceous rock; dark greenish gray, partings of
.
Sli-t:' Ell&l{" ® ® " @ ® o ® 06 00 00 e i 0" &5 OO 0® 00 ® 0SS e G " e -0 " e e 0 " e 0 000 —!-.(:"I
8iliceous roclk; dark greenish pgray, with very fine grsined
ﬂ&—q:—;'r :—-lld Slﬂ-t:; Sllale ® ® ® % & @ & " & & & 0" 06" O O 00 60 OO O S s 00 00 0 0N U.l
:I" :ﬂF l.--rl_-:..n.l.c Ggl{_‘t r\; Ul‘&:?‘is i ...""E?Ei, :‘1!‘.:”“; L mld DD:L:-L i ® o0 o 0o 0000 rI.A
Sdliceous rock; dark gresnish gray with glaty shale ceeeeess O.1
Hematitic oolite; grayish red, rhomblo and ocolilic secessens .
iliceons rock; dark greenish yray with very fine grained
3&415:! arld 51&-1:‘3’ ﬁjlal& @ O © o ® 00 0 0° 00 0O 000 >0 GO S O 9o 90 e o0 0 00 f:‘.:-%

Hemutitic ooldts; grgyidh rsd, rhombic and 0o0litic .coceecewes 0.6

3
O"  Siliceous rock; dark greenish gray, partingag of

> [ =]

sla"‘t} S}-:El& # ® 0 © ¢ 000 00 & O 0O O P SO0 OSSO E OGS EE E O S H S GOS0 0000 s e 00 006'
0 Hematbtitic oollite; graylsh red, rhombic, oolibic ..cceecsvcee 0.2
N 81 11’ ceoilg roclk with oolitic hemntite; both rock types

cur as mixed, pgrayish red with greemipgh tings and

non—ca—lcarEOIIS ® © 60 0650 006000006000 000 ¢ 0000 "0 000000000000 ¢ o0 l
al Slgte; daxrk gray, non-calcareous, micaceous, herd, jJointed

in three dlrLCtanF, wlﬁh worn borings, occaslonally

H}l'jl'fs ."1551..1.11_[1-1 rJ "Ll'l- ""S Yi‘al-q LOnNe -L‘_h"rl- :-LC-'E" EmEoe® o R ToOo0000 007

L Siliceous rock with homatitic nalite; both rock types =mre
mixed, grayish red with greenish tinge, and non-

CEJ.CE:;I‘E:mlE ® ®© 9 ® 8 & 0 & &' 00 O 0 000 00000 " S GOS0 00 00t 9 e " F o0 e 0 000 s 009
Shale (100%); dark grgy, non-calecarecus and £i8511€¢ ..cecccee 0.3

“ Hemotitic oolite (ore); crsyish red, non—calcarﬁ-c'-m, solt,
platy and ocolitic, with abundant brachiopod fragmente .... 2. &

Siliceons roclk; non-calcarecus, fine yrained with brown
fl"l'LlhiM'lI—S f-lﬂivt&r @ ® © 6" B O F 6 060 60 00 8O0 O S 0O 000 000 00000 0 00 000 '}.-l-"rl-

Cy
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Unit Ihi
Ha. Feat

fine grained; with two beds {1 .erbedded) of dark gray
shales {50%),cach £ helf foob. in thickness, silty

;m‘i llz'rd ......OOvt-...o..l‘l-.o...-.-.-.-.....c.t.......2

;& Siliceous rock (50%); greenish black, non—calcarcous, very
G

H Hemptitic oolite ore (L00%); ¢ a,,f:r_sh red, non-cslcrareous,
oolitic, /rhombic with cccasionsal dark gray shale pebbles . 4

G Shale snd siliceous rock; dark grsy, non-cslcareous,
mixed with green E...llceou== rock, These strata occur
at base of the cliff ab Grebes Neabl Foint c.ceeccscccacee 2

F Shele (80%): dark gray, non=czlcareous, papery, inbear-
> ~ 3 ] - C Cd
bedded wl L’1 sandstones,
Sa.nuu Ltone 0%); preenish gray, nen-calcareous, fine
7y & — 2 3

rained, "‘he ghele beds show glant worm burrows up
to0 6 inshes long, and coprolites, A shsle pebble
’ - =

bed of 6 inches thick is present bebween the beds .s.ceees 6.6

o

Sandstone (90%); greewish gray to Jnﬁﬁlluu LTEY, NOon-—

colcareous, Pine grained with derk gray micaceous
shele lsminations, having mimute WOXTL DUTTOWE eveecacccss Gob

D Shele (60%8); d=rk gray, non—calcareous, soft, papery,
with cop-~011+r‘- and giant worm burrows up to 10 inches
long and 1.6 inches in diameber, shale occurs inter—
bedded with sand=tones.
"Sandstone (40%); greenigh ;_trF;,f, non-calcareous, Tine
l;;¢u,u.;1'3d, b’,’-'lﬁ"]"l, cirbend Dedded siciininasilsans snoe hdaed 1809

(&

Sandstone (90%); gresnish hleck, non—ca‘:lca'ecus, fine
grei llc{'l interbeddsd with 3 inch thick rhombic and
}-l.e cl‘u-' L:’LC Dnli.t‘_' flO’g) tcoooooouooo-ooooo.oo-n.ooo..ao.o.10

&)

Hemotitic oolite (ore); prayish red, non-cslecareous,
pebbly (up to hslf inch long .m.v._'i_& Pabhlon) sstns «cebiabs . &

A Siliceous rock; greenish black, non-calcareous, fine

grazined, Thene strata are present at ZThe foot of cliff . 1.6
ljoining Grebes Nest Point,
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Petrogzraphy ——

Fig. No. 84, Magnification x 70 (approx.), Locality and

51j_de NO. 362, B.

Hematitic ocolite (ore). A thin section cut perpendicular

to bedding shows hematitic ocolite and hematite spherules of 0,16 to

0,26 mm, in size cemented with a chamosite matrix, The oolites and
gpherules contain muclei of either chamosite or quartz. The oolites
(0.16 to 0.24 mm., in size) are made up of alternating layers of

chamosite and hematite and their long axes are oriented in one direction.
Brachiopod shell fragments and medium to coarse grainéd, subrounded

to rounded quartz grains, about 2 cms, in size, are unevenly dis-

tributed in the groundmass,

Fig. No. 85, Magnification x 70 (approx.), Locality and
'8lide No. 362, L.

Hematitic oolite and siliceous rock. The figure shows a
thin section, cut perpendicular to bedding, in which can be seen

oolitic hematite and chamosite spherules cemented with a sideritic

matrix, Several oolites have exteriqr borders made up of siderite
which was also found completely replacing the chamosite of the spherules
fuo occasionally of the oolites, Some guartz grains present in the

.,

dmass are rounded to subrounded in shape,

Fig. o, 86, Magnification x 70 (approx,), Locality and
Slide o, 362, O".

’

Slaty shale, Figure 86 is a thin section cut perpendicular

® bedding, In general the rock is highly micaceous slaty shale with a
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Fig.84 Photomicrograph. Showing hematitic oolites

with nuclei of quartz, Locality and Slide No.
362,B, Grebes Nust Member. X70(approx.),
under polarized light.

Pig.85 Photomicrograph. Hematitic oolites and

chamosite spherules in siderite groundmass,
Locality and Slide No.362,L, Grebes Nest

Member. X70(approx.), under crossed nicols:.
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- -
oritic, siliceous, and calcareous groundmasse. Iiica flakes in it

oriented in one direction as are the subrounded to rounded quartz
grghms(o.01 mm. in size). This microfacies grades into hemstitic
golite and chamosite spherules (0.20 mm, in size) which are loosely

seld together with sideritic cement, ILocally the siderite was found
replacing spherules. The oolites, with an average diameter of50.22 mm, ,
are made up of alternating layers of chamosite and hematite with either
megnetite, quartz or chamosite nuclei, The chamosite is partly replaced
with a sideritic groundmass. The oolites and spherules are oval

probably as a result of flattening.

Fig. No. 87, lMagnificetion x 70 (approx.), Locality and

Elide No. 362, Q.

Sandstone (si;iceous rock). A thin section, cut perpendieular
to bedding, show very fine grains of quartz of subrounded to rounded '
shape, ranging up to 0.11 mm. in size, loésely held together with a

matrix of shale and chamosite. The rock also contains brown shale

fraguents, fragmentary brachiopod shells, .end aceessory minerals in-

eluding magnetite, and zircon.

Figs Wo. 88, Megnification x 70 (approx.), Locality and

Slide No., 362, W.

Chamosite rock (ore). A thin section cut perpendicular to
bﬂdding shows chamosite spheroids and oolites renging up to 0.36 mm,

in size which are loosely held together by a mixture of siderite znd
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Fig.86 Photomicrograph of slaty shale showing -
bands of shale and hematitic oolites, Locality
and Slide No.362,0'!,Grebes Nest Member.
X70(approx.), under polarized light.

FPig.87 Photomicrograph. Fine grains of quartz with
shale fragments, Locality and Slide No.362,Q,
Grebes Nest Member.X70(approx.), under crossed
nicols.



chamosite which forms the groundmass. The spheroids an%‘oolites are
either rounded, oval, or more or less flattened in shap%fpossibly
owine to the weight of the overlying sedimentary column on the un-
1ithified structures sometime after deposition. The spheroids are
rimmed externally with a thin film of hematite part of which is inter-

mixed with the siderite in the groundmass, Either siderite, chamosite,

or leucoxene form the nuclei of the spheroids.

Fig. llo. 89, Magnification x 70 (approx.), Locality and

Slide o, 362, Z.

Siliceous shaly rock with phosphate nodules, A thin section
cut perpendicular to bedding shows phosphate nodules cemented with a
ghaly groundmass. The latter is ferruginous and phosphatic with sub-
rounded quartz grains close to 0.10 mm, in size. The nodules are
silty, and contain muscovite lamina and fige recrystallized quartz
grains., The nodules have yielded several species of hystrichospheres
(not seen in Fig. 89) including Micrhystridium stellatum Deflandre,

Yeryhachium rhomboidum, Baltisphaeridium sp. There are concentrations

s ;
of msgnetite and hematite grains throughout the groundmass.

Fig. No. 90, Magnification x 70 (approx.), Locality and

Slide No. 362, b.

Shaly and siliceous rock. A thin section perpendicular to
bedding exhibits unsorted quartz grains of subrounded to rounded sghape,

with a range of size from 0.0l to 0,1/ mm., loosely held together with
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FPig.88 Photomicrograph of chamosite rock(ore)

showing chamosite spheroids and ooclites in
chamosite groundmasss, Locality and Slide
No.362,W, Grebes Nest Member. X70(approx.),
under crossed nicols.

FPig.89 Photomicrograph.

phosphatic nodules in silty shale, Locality
and Slide No. 362,Z, Grebes Nest Member.

Showing parts of three

X70(approx. ), under polarized light.



- 171 =

g shaly and chloritic groundmass. Locally the groundmass may be
either impregnated with phosphatic material or replaced by it, and

. where the latter condition obtains only traces of the orizinsl ground-
megsse can be seen, A few brachiopod shell fragments are present in
the rock, Zircon is common zs an accessory mineral bubt magnetite

‘gnd limonite are rare,
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Origin of the ore

Hematitic oolite beds occur in all formal rock units found
on Bell Island except for the Lower llember of the Wabana Formation.
The ferruginous heds of the lowermost Polls Head Formation, part of
which is exposed on Kellys and Little Bell Islands, have no economic
importance., The Townsquare Formation, which overlies the Polls Lead
Formation, is similarly unimportant economically, The Airfield Form-
gtion, and the Middle and Upper lMembers of the Walanc Formation have
fairly high iron contents, and the hemztitic ocolite beds of these
formations are economiczlly productive, The ferruginous beds have
gross stratigraphic relationships similar to enclosing sandstone and
shale layers. All three types of heds thicken and thin probably
owing to the depositional snd erosional sctivity of currants and waves

as recorded by sbundant ripple-marks and cross-bedding features.

Since the hematite beds contain marine fossils, such as
brachiopods, trilobites, worm tubes and alzae, which are known to have
lived in the littoral zone, it is probable that ithe ore beds were

deposited under shallow marine conditions,

Previous work with writer!s observations

Dr, A.O., Heyes came to the conclusion that the ore-bearing
formations are of Lower Ordovician =zge. Since the faunas found on
Bell Izland have a closer'relationship with Buropean faunas, than
with North Americaﬂ ones, Hayes made his correlation with the Luropean

Arenig =nd Llandeilo of Wales and, less exactly, with the Beekmantown,

Chazy, and Black River of the Appalachian Province.
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In his detailed remarks Dr. Hayes suggested

"... that the iron ore occurs as a primary bedded deposit,
and that the iron content was present in the sediments at the time
+hat the series was laid down., It is probable that the spherules were
formed out of the extremely fine -~rained, unconsolidsted, ferruginous
sediments of the sea bottom, in water sufficiently shallow to allow of a

certain am?unt of agitation owing to the action of the surface waves."
(26: p. 67).

The absence of detrital quartz grains in the ore beds of the
Middle lMember of Wabana Formation indicates that it msy have been de—
posited some distance from the shore line. The Upper liember also
exhibits the same phenomenon., OCross-—bedding and ripple-—-marked features
have indicated its deposition occurred under shallow watcer conditions,
The presence of thin lamellae of hematitic oolites, and earthy
hematite arranged in alternating layers in the spherules, indicate
that they were formed before the final consolidstion of the ore beds

took place.

The important iron-bezring minerals occurring in most of the
ore beds are chamosite, hematite and siderite. The siderite in
general is a secondary replacement after original chamosite and hematite.
Altern=ting concentric layers of chamosite and hematite in the oolites
and spherules indicate that probably most of the hematite was formed

contemporaneously with chamosite,

A conglomerzte bed with pebbles of hematitic oolite and
chamosite occurs in a matrix of dark gray shale directly over}ying
the top of the Airfield Formation suggesting that the oolitic iron

ore was formed hefore the lithification of the iron ore beds took place.
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Dr., A.0, Hayes has suggested thsat

M. ee it secms probable that the iron was derived by long con-
tinued weathering of earlisr crystalline and sedimentasry rocks, the
solution of their iron content by mineral and vegetable acids and sub-
sequent transportation of the iron salts by streams into the sea.

The Precsmbrian sedimentary and crystalline rocks contain
much iron and these have furnished the iron of the Cambrian and
Ordovician rocks underlying the Wabana ore." (26: p. 71).

The shale beds of the west bank of lower lManuels River wvalley,
of the western end of the south coast of KEellys Island, and of the
wesbern coast of Bell Island are hi_hly ferruginous as is evidenced

by iron-stained groundwater seepagese.

Regarding precipitation of the iron Dr., Hayes has mentioned that

"since W. Spring... has shown that ferric hydroxide will become
dehydrated in salt water and form ferric oxide, the view may be taken
thzt some of the iron may hzve been precipitated as ferric hydrate and
formed the ferric oxide directly. If so, both the silicates and oxide
have formed together in a most intricate fashion to build alternate
leyers in the spherules. It appears probable that a considerable
proportion of the iron was precipitated primarily as ferrous aluminous
silicates similar to chamosite and thuringite, and while = small amount
of hemstite appears to have been formed about tubules of bLoring algae,
avperently secondary to the chamosite, most of the hematite m=sy be of
contemporaneous origin with the silicates, The siderite was the la=t
iron-bearing mineral to form =znd it frequently replaces chamosite,
hem=tite and quartz., It may have heen produced by the aid of decomposing
organic matter acting on chamosite and hematite during a period of
shallov wabter conditions such as prevailed during the formation of the
top of the Dominion bed, zone 2, and of much of zone 5." (26: pp. 73, T4).

In the Dominion bed of Dr. Hayes and in the hematitic oolite
beds of the Middle lember of Wabana Formation are found occasional
foszil algae which are covered exteriorly with eithcr a thin lsyer, or
film, of crystalline hemstite suggesting, especially that at these
places, the biochemical activiiy of these organisms might have aided

in the oxidation of iron phosphate producing hematite.
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In some ore beds the siderite associated with chamosite and
hematite is alwsys found as a replacement of the two latiter miner=zls,
In this connection Dr. Hayes has mentioned that:

" ees during the deposition of the ferruginous beds, it seens
probable that a variety of iron salts were in solutions in the sea
veter, and the ammonium carbonate resulting from the decomposition of
or_,anic matter, where entombed by overlying sediments, may have de-
composed these iron salts, with the formation of the corresponding
grunonium s§lts and the precipitation of the iron carbonate, siderite."
(26: p. 8l).

n ore deposits of the world

ettt

In this section are summerized selected iron ore deposits
from other parts of the world which Hayes (1915) considered to h=ve

more or less the same character and age as thoge found on Bell Island.,

Dr, Hayes has mentioned that:
LY. Williams has correlated an occurrence at Arisaig, Nova

Scotia, with the Wabana ore znd refers it to the Unper Cambriazm."
(26: p. 83).

In the present study I contacted lova Scotiz Department of
Iines in order to try to obtain either drill cores or surface szmples
of the rocks associzted with iron ores of Arissig in order to mzke a
comparative study with those of Bell Island. Iowever, these could

not bhe made availahle to me,

Professor C.H. Smyth (26: pp. 83, &4) has considered such
hemstitic deposits as analogous to modern lazke and bog iron ores and
concluded thzt these deposits in the most part were precipitated as

limonite with minor associated merls.
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Dr. Hayes has written about the important work done by
J.J. Rutledgze and Professor C.K. Leith as follows:

"J.,J. Rutledge ... concludes that by far the greater part
of the iron of the Clinton ores is due to replacement and concentration
of the iron, but thinks that the intimately associcted oxides and
silicates of the spherules and the iron present as the carbonate in
isomorphous mixtures with calcium carbonate may be due to original
deposition." (26: p. 84).

"Professor C.K. Leith ... groups together the flax seed ores
of the Clinton and other beds of the Appalachians and Wisconsin, the
ores of the Torbrook and Ilictaux areas of Nova Scotia, the Wabana ores
of l'ewfoundland, and a recently discovered deposit in liissouri. He
considers them to be sedimentary ores derived by weathering processes
and deposited in the ocean as iron oxide rather than as ferrous salts,
and thet they have undergone no further concentration, being mined
essential in the condition in which they were deposited.”

(26: p. 84).

Origin of nodules and oolites in the ore beds

A large number of hystrichospheres and some chitinozoa, along
with some hematitic oolites, have heen found in chloritic nodules
(Airfield Formation) and phosphzstic nodules (lfiddle and Upper lembers),
end in chamosite nodules which occur in the ore beds of Wabana
Formation, This association throws important light on the concen-
trations of these microorganisms and oolites found in the nodules and
pebbles, The abovementioned formations were mariné.in origin as
clearly demonstrated by the presence of large numbers of brachiopod

shells, trilobite tracks, and microplanktonic fossils.

The presence of fossil hystrichospheres concentrated in
chloritic, phosphatic, and chamositic nodules and pebbles presents
an interesting problem with reference to their origin, Dr. Deunff,

in his paper on Microorganismes Planctoniques du Primaire armoricain,
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j-Ordovicien du Veryhach (Presqu'ile du Crozon) (1). stated that

"Il n'est cependant pss téméraire de penser aujourd'hui, qu'un
état colloidel soit a l'origine du processus de consolidation des nodules,
La conservation d'un microbios requicrt, en effet, des phénom®nes rapides
de préservation; or ces conditions semblent necessszires dans le cas
présent, lequel nous révele que des lystrichospheres, or;anismes du
microplencton fossile, &tres appsremment fréles et délicats, ont souvent
ru nous parvenir sous un aspcct d'une déroutante fraicheur. Il est
vraisemblable qu'un tel processus a pre€side a 1l'édification de beaucoup
de structures noduleuses (silex inclus). lizis les modalités de form-
ations de ce stade initial colloidal ne nous apparaissent pas toujours
avec nettet&.¥ (13: »p. 6, 7).

The writer has observed that certain delicate processes of
hystrichospheres were found well preserved in the phosphatic and
chloritic nodules of the Middle (Slide and Locality llo. 378, K) and
Upper (Slide and Locality llo. 362, Z) bembers of the Wabana Formation
which indicates that preservation of these hystrichospheres occurred in
the nodules before abrasion and comminution of their fragile spines
eould have taken place. It may he possible that the phenomenon of
thixotropy in these unlithified nodules and shaly sediments, in part,
mi;ht have helped in the preservation of their delicate structures.
Professor Boswell (1961) has proposed that:

"The concept of thixotropy offers the only satisfactory ex-

plemetion yel advanced to account for the preservation of delicate plant
and animal tissues as fossil replacements or impressions.® (77: p. 126).

Dr, Deunff further haas stated, in his abovementioned paper that:

"Peut-on imaginer que des macroorzanismes dont les tests
tombaient sur le fond marin livraient un apport de sels phospho-cslcaires
suffisant pour faire floculer un volume restreint de sédiments dens
lequel se trouverent brusquement inclus les microor:zanismes évoluant dans
cette zone en voie de consolidation, Ou bien dans un milieu marin peu
Profond et agité€, des frazgments organicuecs ou minéraux, arrivaicnt-ils
3 s'agglomérer par déplacement en une masse sphéroidale compacte ét dense?



La présence trés fréquente de Trilobites, Lamellibranches,
Oolithes au centre des nodules dans les schistes conside€r€s viendralt a
1teppui de l'une et l'autre de ces sugcestions. (Certains nodules
quaternaires -coll. I.(G, de Rennes- montrent cette méme disposition,

j1 s'azit en l'occurence de valves de Lamellibranches enrobées dans une
y=se bien consolidée)." (13: p. 7).

Regarding the phenomenon of flocculation, Irofessor Boswell
(1961) writes that:

"When the pasrticles that have been shaken up with a liquid
are so finely divided that they settle only very slowly and the
suspension becomes more or less permanent, the stability of the system
is due to the fact that they are electrically charged with respect to
the adjoining liquid. The potential difference between particle and
liquid tends to prevent the flocculation of the particles into
agcregates which would settle more rapidly. If the potential difference
is reduced, the stability is affected. This may be broucht about by the
addition of a substance which conducts electricity, i.e. an electrolyte:
for example, a salt solution such as sea-water flocculates the suspen-
sate brought down in a mddy stream." (77: p. 9).

These hypotheses mizht be used to explain, in part, situations
that we have found to occur in Bell Island sediments, The iron ore beds
of the Airfield and Wabana Formations are highly fossiliferous containing
sbundant brachiopod shells. These shells probably contributed sufficient
phospho—calcareous salts to have caused flocculation to occur at loci
within the sediment. During this preconsolidation stage, the sediment,
having rich phosphatic, siliceous, and pertly chamositic and calcareous
contents with microorganisms (hystrichospheres and some chitinozoa)
evolving in it, was in a process of lithification under marine shoal
water conditions. These environmentzl conditions were very favourable
Tor the preservation of the microorganisms in contrast to the shoreward
Oxidizing environment in which hemeatitic oolites, spherules and nodules

‘Wers forming, The same hypotheses hold true with regard to the chloritic




pocules of Airfield Formastion (see Fig. §13 in which occur large
nunbers of hystrichospheres and chitinozoa tests (Slide and Locality
flo. 345, B). The chitin of these microorganisms appeér to have been
highly resistent to the action of solvents (acids) and bacteria (7)
(62 p. 277) present in Lower Ordoviecian times, and chitinous tests

were present in large numbers.

Concerning the formstion of the oolites of the Vexryhach
area, France, Dr., Deunff has mentioned thsat:

"I)l est permis de penser que leur origine in situ a eu lieu
dans les conditions ordinaires de formstion, c'est—d~dire sur le fond
d'unc mer relabtivement sgitée, peu profonde et soumise & des courants
variahles. GCes Dolithes résultant d'une accumuilstion concentrique de

produits minéraux sutour de fraegments varids furent ensuite
irréculierement réparties sur un fond sablo-vaseux. (13: p. 7).

It is possible that similar conditions to these obtained on
Bell Island and, if so, Dr, Deunff's hypothesis may explzin in part
petrozenesis of Ordovician oolites found in Newfoundland, Agitabtion
under varizble ocean currents of various proto-nuclei, including
brachiiopod shell fragments and quertz grains present on the sea floor
and concentrical accumilation of minerals around them might have
helped to some extent iE the formation of some of the oolites and also
some chloritic nodules. The formation of hematitic oolites, containing
ansular quartz grains and abundant hystrichospheres, found in the
chloritic and phosphatic nodules of the Airfield Formation (Slide and
Locality No. 345, B) and in the Middle Member (Slide and Locality No.
378, K) =nd Upper Member (Slide and Locality No., 362, Z) of the
Webena Formation possibly could be explained, in the terms of last-—

mentioned hypothesis,



Fig.90 Photomicrograph. Unsorted quartz grains
in shaly and chloritic groundmass, Locality
and Slide Now.362,b, Grebes Nest Member.,
X700 approx. ), under crossed nicols.

Pig.91 Photomicrograph. Showing part of a chlorite
nodule(see arrow) which had yielded several
"species of hystrichospheres and some chitinozoa,

Airfield Formation. X70{approx.), under crossed
nicols:
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Presence of coprolites (%)

Several silty—-shale coprolite-like structufes (Slide and
Locality No. 344 , O) found in the silty shale beds of studied section
lio, 24/, immediastely south of the Ruins on the northern coast of the
Islznd, have yielded large number of hystrichospheres and some
chitinozoa ﬁest fragments. These 'coprolitic! structures were found
ranging in size up to 1 inch in diameter and 1,5 inches in length, and
in various shapes from spherical, ovoid to elongate, These silty =shale
bede were also shot with worm borings and tubes, and trilobite burrows.
Thin sections of four selected coprolite-like structures were examined
and found to be siliceous. In them several sjecies of hystrichospheres
end some chitinozoa test fragments were found to be well preserved in
+

contrast to the matrix in which they are rare. A thin section of a

worm-hored non-—coprolitic silty shale (Slide =nd Locality llo. 345,D)

flso was examined. The burrows at the latter locality were filled

with chlorite containing isolated angular quartz fragnents and small
phosphatic nodules., In this chlorite f£illing were found well—-prescerved
hystrichosrheres as contrasted with poorly preserved ones in the
Surrounding silty shsale., In the writer's opinion these relationships
Provide good evidence to indicate that worms probably played an

dmportant role in the concentration of microplanktonic tests.

Dr. Deunff has also reported an abundsnce of hystrichospheres
Ain 'pseudo-nodules?!, which resemble true coprolites, in the Ordovician

Of Veryhach, France (13: ». 8).
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Environment of fossilization

The writer has come to the conclusion that for the Ordovieian
of the Conceplion Eay area combined siliceous, phosphatic, calcarcous
and chloritic environments of burial were exceptionally favourable for
the preserveation of hystrichospheres and chitinozoa tests. This is
supported by the work of Dr. Loomis who has made chemical analyses of
eoprolitic silty shales and phosphatic nodules from these beds for the
Department of Geology, liemorial University. Furthermore chemical
macerstions and thin section studies both of nodules and coprolite-—
like structures have provided further evidence in favour of this

hypothesis.

In his paper Dr. Deunff suggested, concerning the preservation
- of these microplanktons thats

“Ce milieu chloriteux posstde donc une valeur réelle dans
i le conservation des composés orgsniques chitinoides. Les nodules les

. plus verda@itres, cl'est-a~-dire les plus chloriteux, se révélant les plus
| riches." (13: p. 9).

in the same manner, =s mentioned above, the chloritic
hodules of the Airfield Formation (Slide and Locality No. 345, B)
have yielded large numbers of hystrichospheres and fewer chitinozoa

tests vhereas the oolitic matrix of the rock does not contain them,
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Pyrite beds

(Lower Member of the Wabana Formstion)

The Lower lMdember of the Wabzns Formation and the underlying
Airfield Formation are separated by a well-marked disconformity. The
Pyrite beds in the Lower liember alternate with darl gresy shale partings.
The latter beds of the Lower lMember contain a rich graptolitic fauna

and also fossil brachiopods, hystrichospheres and chitinozoa,

Origin of the Pyrite bed is problematie. Only graptolites
eand brachiopods are found in the FPyrite bed. However, tihie presence
of chitinozoa and hystrichospheres, which are considered to be
restricted to the littoral zone during their life cycle, in the dark
cray papery chale beds immediately overlying the Pyrite beds indicate

that this upper part of the basin was shallow,

firevious work

Many geologists, biochemists and bDlologists have done de-—
tailed research worlt on the origin of pyrite which occurs in different
forms in sediments. Their published works present important contri-
butions on this subject and the most interesting of them are

summzrized next,

In his published report on the orizin of Tyrite beds of
LBell Island, Dr. A.0. Hayes hzs written th=t:

... the fact that the iron sulphide is present in the form
of FeSp raises the question as to whether it was deposited as this
hizher sulphide or as ferrous sulphide, FeSz and free sulphur, the
higher sulphide forming &y subseguent dizgenetic process, In either
Case the evidence indicates that the essential constitucnts were
Present in the original sediment and the Iyrite occurs as a primary
bedded deposit." (26: p. 90).
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Theoretical chemical reactions that might occur in muddy

weters are given by Murray and Irvine (26: p. 89) as follows:

1) RSo, + 2C = 20o,

earthy alkaline metal or an alkali,

+ RS, where R is either an

2) RS + 2Co., + HQO = H.S + RCo.Co

2 -

3) RS + RCOBGOZ + H,0 = 2RCo3 + H,S.

2

The reaction of hydrosulphuric acid with ferric oxide

(FGQOB) of the surface layer of the blue mud is given as follows:

4) F’ezO3 + SHES = 2FeS *+ S +>3H20.

N. Androussow (26: p. 7) has pointed out that formaztion of
ferrous sulphide in the bottom deposits of the Black Sea at depths

of 300 to 717 fathoms results from the biochemical activity of

Bacterium hydrosulfuricumponticum,

Dr. Bruno Doss (26: pp. 20, 91) has reported the formation
of iron sulphide in Recent bottom deposits of the Black Sea and in
the lGocene sandy clsys of Samara through the activity of iron

bacteria (Gullionella ferruginea of Ehrenberg).

In reference to the mode of formation of the pyrite beds
of Wabana, Dr. A.0. Hayes has written:

%the Black Sea communicates with the liediterranean through
the narrow strait of Bosgphorus throush which two currents flow in
Opposite directions, the surface water being carried into the Sez of
Mermora while the deeper water moves toward the Black Sea. The upper
Current, flowing toward the Sea of lizrmora, consists of brackish water,
while the lower carries salt water from the Mediterranesn into the
Slacl Sea. Since the salt water currents do not reach the surface,
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marine planktonic organisms cannot be freely carried into the Black

Sca. oomewhat similar conditions, but with the access of surface
currents of water, n:y have obteined in the Ordovicisn sea when the
grepbolitic pyrite beds of the Wabana deposits were fo“med In such

an enclosed sea, uplift would cause shallow water conditions suitable
for the _rowth of =l ae and the formation of the hematite - chamosite -
siderite deposits. Subsidence would brins about the deeper water
necessary for the production of the iron sulphide such as is found

in zone 2.%" (26: pp. 91, 92).

An interesting occurrence of pyritic nodulcs and crystals,
and pyrite casts of marine organisms in Tertiary marine clays exposed
slon: thie coast of south central Victoria at Torguay, Point Addis,
and Curlewis, has been reported by A.E. ldwasrds and G. Baker (1951).
In their paper (79) they have suggested that the development of
pyritic nodules in these clays occurred under reducing conditions.
Thelr association with fossils indicates their localizsition by de=

organisgms possibly in a marine environment,

L.G. Love (1958) has reported the formation of syngenetic
oyrite owinz to the activity of microfossils, Pyritosphaera and
Pyritella (monotypic genera), which were fossilized and preserved in
the pyrite. Ilumerous small gramules of yrite were found in certain
beds of the Scottish Lower Carboniferous 0il Shale Group. Love
writes in his paper that:

Tt is suggested that during their lifetime they generated
hydrogen sulphide as a by-product of the anaerobic decomposition of
sulphur compounds, the gas continually passin: outwards into the ad-
Jacent mud or water. Reaction with iron in this immediately
surrounding medium would precipitate iron sulphide on the organism,

Probably in the form of a slime of hydrotroilite, later to become
crystallized as pyrite (Emery & Rittenberg, 1952)." (3832: . 434).

P

L.G. Love and D.O. Zimmernan (1961) have suggested (34) a

syngenetic origin for the first generation pyrite of the LOwer
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Proterozoic Mount Isa Shale of Australia., Its origin was connected
with the activity of micro-organisms either at the time of deposition
of the enclosing sediment or during the earliest period of disgenesis
before complete lithification to shale, This pyrite was deposited in
the micro-—organisms owing to their secretion of hydrozen sulphide

which reacted with iron contents DHresent in the environment.

L.G. Love (1962) has further suggested (25) that the formation
of pyrite in Lower Jurassic and Carboniferous argillaceous rocks of

-

Britain took place zs a result of microfossils (e.g. Pyritosphaera

barbaria, Pyritella polygonalis). He considered that these forms

probably were saprophytic and produced hydrogen sulphide as a by-—-
product of metabolic activity. Later the hydrogen sulphide eventually
rezcted with ferrous contents producing a precipitation of iron

sulrhide.

Steinike (1963) and Vallentyne (1962) hawve expressed (26)
different opinions regarding origin of the pyrite sphercs or grains
in scdiments. They reported examples where these were believed to

have originsted by simple inorganic precipitstion.

J. Kanwisher (1962) in his paper (81) 'Sulfur chemistry in

marine mudg! has discussed the formation of iron sulphide in

anaerohic marine muds. He considered shallow marine sediments as
beinz typically anaerobic. Sulfate reduction in anaerobic marine

mdg is followed by accumulstion of hydrogen sulphide gas owing to

activity of Desulfovibrio bacteria, If ferrous iron is chemically

available to this gas there will result a formstion of insoluble

blaclk FeS.
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In his paper (78) on 'Experimental studies of the sedi-

mentary iron sulfidesg', R.4. Berner (1962) hes described the form-
stion of crystzllized tetragonsl FeS in the liystic River, Boston,
lassachusetts. Hydrozen sulphide is formed by sulfate-reducing
becteris,. Reaction of hydrozen sulphide with either metzllic iron
or coethite results in the formation of crystallized tetrszonal FeS

in this area.

S.A., Tyler and E.S. Barghoorn (1963) in their paper (84)

on 'Ambient pyrite grains in Precambrian cherts! have suggested

thet the orizin of pyrite and organic matter in the pyrite-chert
facies of the basal Gunflint formation, Ontario, and the Biwesbik
iron forwaﬁions, innesota, is the result of reduecing, or euxiniec,
environments which existed on a regional scale at the time the

sediments were deposited.

L.G. Love and J.W. Murray (1963) have reported (83) on
the formation of pyrite found within organic cells and organic tests.
Such pyrite occurs in the Recent sediments of Christchurch Harbour,

Hampshire, EZngland, and forms in the reducing zone according to

them.

In his paper (85) on 'Syngenesis of sulfide ores: an

gvalustion of biochemical aspects', K.L. Temple (1964) has come to

the conclusion that syngenetic theories of sulphide ore formation,
Which involve microbial sulfste-reduction as the source of sulphide,
&re nov adeguate, He writes that:

"The conditions recuired for sulfabe-reduction can not be

Specified simply but are satisfied by various combinations of
Circunstences that result in oxycen depletion in a wide varicty of
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yesical environments. Metals entering such environments, whether
-peorbed or not, are converted to metal sullides. Sulfate-reduction
does not explain the origin of the metal moiety." (85: p. 1473).

S. Honjo, A.G. Fisher, and R. Garrison (1965) have given
examples where pyrite has been formed as microscopic spheroidal
scprecstes (framboids) within radiolarian tests occurring in fine-
grzined limestone (30). This limestone of Late Jurassic Oberalm
beds, of the northern Austrian Alps, contein abundant radiolaria and
ogther microplanktonic fogsils, The framboids occur lodged in the

lower pzert of the fossil sphere, which suggests that the pyrite was

precipiteted within the fossil and evenbtually sank to its base during

}—Jl

ezrTly d

agenesis probsebly in an alkaline reducing environment.

The writer!s independent observations

Stratigraphic sequences and £hiﬂ sections of the Pyrite bed
indicate that in general pyritization was complete although it still
is possible to discern in it originsl organic structures. A
pyritized graptolite sample was powdered in & crucible and a szanple

X~rayed, It gave a pattern comparable with the standard iron pyrite

petbtern (see Fig. 92).

Calcium phosphzate maey occur in smzll amounts coating the
graprivolites with a light brown film, A smallvsample of a zraptolite
was ground up into a powder to which concentrated nitric acid later
Was added., On addition of a few drops of ammonium molybdate a yellow

Precipitate was formed indicatingz the presence of a phosphate.

The bulk of the shale partings associzted with the Pyrite

bed, however, is made up of clay minersls. The individual clay
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minerals were not identified in the present study.

Age of Pyrite beds

Three hypotheses concerning the time of pyritization of the
Pyrite bLed and several important conclusions concernin: the most pro-

hable one will be discussed next.

[Lig;enetic deposits

The Pyrite bed is marked off from an underlying shale band
by a sharp break in sedimentation. Pyrite crystals are absent in the
‘lower few inches of the shale where it first appears abruptly above
the basal con_lomerate wihiich marks the base of the Lower liember., At
first a similar sharp break at the top of the I'yrite bed was thought
to ooccur, but closer inspection revealed a gradation was present up-
werds from pyritization to non-pyritization, The change takes place
stratigraphically quite suddenly and two inches above the top of the

Pyrite bed little trace of pyrite can be found in overlying strata,

As a rule the percentage of pyrite increasese downwards toward
the bottom of the bed., The Pyrite bed is a relatively impermeable unit
compared to the shale beds above and below it as a result of diacenesis
and pyritic interstitial cementation. There are, however, several
objections to the hypothesis that it is an epigenetic deposit. Firstly,
Variations in amount of pyrite parallel the sedimentary features. Of

. Course, the possibility exists that these sedimentary bands could have
; favoured pyritization to take place more easily on account of their

horizontal similarity but wvertical difference in composition., Secondly,
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the base of the Pyrite bed appears as a sharp discontinuity and no
gradational change downward in pyritization is observable., Here
azein it is possible that the impermeable, although porous, shale
scted as a bharrier to pyrite solutions, but if this was so one would
expect a much denser layer of pyrite at the base as the solutions
came up against the impermesble shale horizon. Thirdly, the fact
that 2 gradation from pyrite to non-pyrite takes place wvertically
in the shale near the top of the bed again suggests that the pyriti-
zation was not epigenetic because otherwise why is there not a
gimiler gradation at the bottom of the bed? NMost of the pyritized
materisl in the shale above the Pyrite bed takes the form of

pyritized spheroids.

Pyritization of the sediment previous to its deposition (reworked

constitucnts)

Let us next consider the hypothesis thal after pyritization
of the congtituents had taken place they were transported by waters
in which there was strong current activity and deposited having

travelled an unknown distance.

The fact that the graptolites found in the Fyrite bed are
much fragmented is an indiEation that prior to their deposition they
Probebly underwent sufficient tumbling to breslt them into fragments
consisting of only a few thecae. This evidence suggests that the
Eraptolites may have been fragmented, completely pyritized and, perhaps,
2gain broken during transportation. It is possible that the uneven
fractured margins were smoothed to a certzin extent by abrasion during

saltation,
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§g2genetic deposits

Pebbles found in the Pyrite bed and also in the subsurface
core samples invariasbly show a thin coating of pyrite around the
mergins. These coatings are relatively easy to flake off, The coatings
were observed to completely cover the pehbbles strongly suggesting that
the pebbles probably were not pyritized prior to transportation but
instead obtained their coating after deposition. This does not
necessarily preclude the possibility of a pyrite coating which had

been acquired elsewhere, later being lost during transportation.

The abovementioned example of pyrite cosating sround the
mar:;ins of the pebbles would appear to be an indication that pyritization

might have taken place during deposition,

In conclusion, there would appear to be a strong case for
syngzenetic pyritization of the Pyrite bed in preference to the other
sugcested hypotheses, although this does not mean I exclude either
epigenesis or reworking of pyrite constituénts or both processes from
heving taken place. Indeed, it is quite possible that more than one
brocess was involved during the deposition of the Pyrite bed under

discussion,

Fige92 ImsRay diffractiem pattern of irem pyrites
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Structural geology

Secondary (diastrophic) structures

On the Avalon Peninsula exposed “ed zrock is =ither Precambrian,
Gembrian, or Lower Ordovician in age., Doth folds and faults =re common
in these rocks, however, faulites appear to be more prominent in the

Lower Ordovician unitse.

Faults
About thirty faults (see Map No. 4) were mepped on Bell
sland and these exhihbit a variety of strike and dips. IMarked
perallelisms can be detected in the directions of two main sets of

- - o-l ] 2 D
ret strike N.20 E. and the second NHN.60 W. Their throws

Iy
e

e s ey o
Ffaults. The

ranged from 1 to 15 feet,

The ore beds of the northwestern coast of the Island =re cut
by four prominent faults (see Map llo, 4). The fzult planes are
associated with prefound breccistion of the adjacent rocks, slicken-

sideg, and the depogition of secondary crystalline calecite in wveins,

Underground nmining st Bell Island haos revealed two major
fault systems offsetting the iron ore beds., The first trends north-
northesasterly and the second northwesterly. In the underground mine
several faults examined by the writer had their plsenes filled with

either secondary quartz veins or calcite veins.

Joints
The rhombohedral joint pettern displayed by the Wabana
hemstitic oolite beds and, to a less degree, by the Ordovician send-

sbtone are strikingly apparent, This pattern in the hematitic oolite



beds of Bell Island caused the ore to break naturally into angular
smooth-sided rhombs. The jointing directions parallel the north-
ezctern =nd southwestern fault directions., Some Jjoinlts arec filled

with either secondary calecite, sideritve, or quartz.

Primary structures

(see Plate 1, Figs. 1 to 5)

General

Many of the sedimentary rock sequences of Bell Island,
RXellys Island, Little Eell Island and Manuels River area contain
evidence of deposition under shallow water conditions., In the basal
beds of most sandstone units symmetrical ripple marks, interference
rio-le marks, channelling, and cross-bedding features are very
common, Other primery structures, including flute casts, load casts,
mud intrusions, rain imprints, primary current lineations, graded
bedding, and mud cracks are found in some of the sandstones. In
addition, trilobite tracks and burrows, worm tracks and borings,
and coprolites are common in some of the sandstones and zhales.
Cone-in-cone structures are present in some shale and shaly sandstones
of both the Polls Head Formation and the Airfield Formation, Fossilized
boring-algae are common in the iron ore rocks of the Airfield Formation,

and in the [fiddle and Upper liembers of the Wabana Formation,

Ripple marks and cross-bedding

These structures are common in the Lower Ordovician rocks of
Bell, Little Bell and Kellys Islands. Ripple marks are rare in some

sandstones, probably because these are gradational upward into silt-
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atbones and shales in which ripple marks are.unlikely to be formed.
The cross-~bedding in the medium—-grained to gritty sandstones of
Townsquare Form=tion exhibit almost totally unsorted mineral grains.
Smell-scale cross-laminations, on the contrary, are quite common in
most sandstone beds, particularly in the Tolls lilead Formation, &
freshly broken surface of sandstone gener=zlly does not show cross-
loaminations, but differential etching and colour banding of laminae

efter weathering render the structiwres readily visible.

Graded bedding

FPine-~rained sandstones exhibit ;raded hedding. In almost
all cases surfaces of the sandstone beds have sharp contacts with
overlying dark gray shales. Possibly the source area provided mainly
moderately-sorted sediments., Although g rading may not be megas-

copically discernihle, it is sometimes visible in thin sections.

Primary current lineation

Faint streaks on some bedding surfaces, mors or less parallel
to the current direction, are referred to primery current lineation.
These linear structures are mostly the rcecsult of current action. They
were clearly seen on bedding surfaces of Iolls Head sapdstone unit, and
appear as small warps, creases, and gjrooves that are most conspicuous

vhen sunlight strikes the surface at a low angle throwing shadows,
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EXPLANATION OF PLATE I

Fig." la Flute cast. Current moved from top to bottom of picture.

Fige 2. Symmetrical ripple marks with mud eracks,

Fige 3. Cone-in-cone structure in dark gray shale, Locality: 01ld
Dam, southern coast, Bell Island,

Fig. 4« Primaxry current lineation in sandstone, current direction
shown in the figure,

Fige 5. Load casts in sandstone, Locality: Grattons Cove, Bell
Island.,
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sedimentary structures in and contiguous to the Pyrite beds, (Lower

Member of the Wabana Formation)

Some structures recognized and studied in the Pyrite bed and
in the underlying and overlying shale beds were: cross-bedding, graded
bedding, ripple marks, burrows and borings and mud intrusions. De-

teiled notes on these follows:

Cross—bedding

Cross-bedding is well developed within the Pyrite hbed,
Argillaceous bands mzke the cross-bedding more noticeable, Locally
the top set beds appear to be truncated by the bhasal plane of the over-
lying shale horizén. llore rarely the Fyrite bed was observed to be
subdivided by thin shaly lenses of only limited lateral extent. In
such cases basal pyrite sections exhibit a tendency toward lazck of
cross—bedding features which are replaced by coarse graded bedding

features.

Graded bedding

Graded Sedding is present under sedimentary conditions similar
to those méntioned abové, and it also occurs in some sections of the
Fyrite bed to the exclusion of cross-bedding. Pebbles occurring at
the base of the Pyrite bed are generally in the order of 1 to 2 cms.,
renge Irom rounded to angular, =nd possess very thin coatings of

pyrite, Throughout the graded bed sections pyritic spheroids are very

abundant,
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Ripple marks

i
——

Ripple merks occur frequently in the basal part of the Pyrite
ped and near the top. Most wave lengths range from l.5 to 2 inches.
In addition, symmetrical micro-ripple merks are fairly abundant (0.2

inches approximstely in wave length).

Burrows and borings

Burrows and borings are visible at the bottom of the shale

horizon underlying the Pyrite bed, These, however, give little or no

indicetion of depth of deposition, and merely indicate that an aerobic

cenvironment suitable Lo an abundant fauna was present. The presence

of Lin ulid Brachiopods in the shale horizon indicetes that the environ-

ment was marine at this time,
Mud intrusions

The base of the Pyrite bed is marked by rounded flow-type
structures which in places apear to partially intrude the shale.
This suggests that underlyin: muds were unconsolidated during deposition
of the Pyrife bed., This conclusion is substantiazted by the angular

constituents and folded nature of the conclomerate =t the base of

the Pyrite bed.

The conclusions drawn from the above observations and

Postulations =re z= follows:

Evidence of graded bedding suggestis a depositional area pre-—

gent which was subjected to strong current sction. A high-energy
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environment is even more strongly indicated by the manner in which the
top—-set beds hawve been Lruncated. The graded beddins varies laterally
snd corresponds to local varisastions in the thickness of the Pyrite bed
which, in turn, indicstes that the hed was deposited over a region of
low but significant topogr= hic relief. Ripple marks appcar to be of
an asymmetrical type and are very frequent at the top of the ITyrite bed.
However, current directions suggested by their orientation are in
directions opposite to thése indicated by cross-bedding, lienard has
reported symmetrical ripples in Globigerina ooze at a depth of 4,500
feet, Hhut Peitijohn has pointed out that ripple-marked sands generally
can he ascribed to very shallow water conditions. A&s the original
small organic fragments and quartz greins forming the DPyrite bed must
have behaved in a similar way to ssnd, then it follows that the ripple-
merks seen at the top of the Pyrite bed prolably indicate fairly

shallow water conditions. This conclusion has heen supported by the

occurrance of several hystrichospheres (microplanktons} in shale beds
innediately overlying the Pyrite beds.

Source of sedimentsg

One of the main sources of most of the sandstones of the
Caibro-Ordovician sequence was a Precambrisn terrain (rhyolites and
Holyrood granites) which now is located on the Avalon Peninsula., As
has heeq~mentioned earlier certizin accessory minerals found in the
sendstones including zircomn, zoisite =znd leucoxene are also common

s primary minerals in the Precambrian rocks (especially in granites).

However, the enrichment of zircon snd micas (muscovite and hiotite
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flakes)present in the sandstones indicate a distant source because
mica~rich Precambrian and Cambrisn rocks are not found in the areas

neighbouring Conception Bay.
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Chenistry

~

Detailed chemical analyses of the iron ores of Bell Island

[ad 1

were made by Dr. Hayes. A summary of hig main conclusions follow.

Chemical anelysis of a sandy shale sample tzken from the cliff

at

the Slipper pier of the Nova Scotia Steel =nd Coal Company, south-

gastern coast of the Island, by Hayes, has shown that the rock contains

considerable amounts of iron and alumina, but is devoid of lime, In

snother analysis of a sandstone from an outcrop, locabted between the

Dam =nd Martins Road, showed a low contenl of iron asluminas and

B

gshsence of lime. The rocks of the northwestern cozst of Bell Islznd

contain low percentages of calcareous contents. Very light gray

sendstones of the Townsquare Formation rarely countain brachiopod shells

wvhereas the iron ore bs=ds of the Airficld Formetion, especially near

the northwestern coast, are fairly rich in brachiopod shells.

Aecording to Dr. Heyes the brachiopod shells contain between 60 and

70 percent caleium phosphate (26: p. 65). This indicates that the

calcareous and phosphatic contents of these rocits were derived from

these brachiopod shells.

In general Dr. Hayes lizs mentioned that:

L P the constituents of the ore vary within certalin limits
the ore beds, as
2

T
at different localities and at differsnt portions of
sliown in the following tables

Hematite 50 to 70 percent
Chamosite 15 to 25 percent
Siderite O to 50 percent
Caleium phosphate 4 to 5 percent
Calcite O to 1 percent
Quartz O to 10 percent."

~~
b}
™
o
o}
[ ]
L
°
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Analyses by earlier workers indicate thst the main iron ore
ped of the Airfield Formstion contains =zbout 60% hem=tite whereas the
}Middle and Upper lMembers of the Wabana Formetion include =bout 50% to
55% hematite. The iron ore beds of the latter formation differ from
the former Ly an increzse in siderite and @ decre=sse in hematite and

guartz contents.

Two szmples (silty shsle and phosphatic nodules) were chenically
snalysed by Dr. A.G.Loonis (1966) in Loomis Laboratories, Californiaz, for
‘ the determinzstion of percentages of Si02, FEQOB, FeO, P205 and Ca0, =nd

‘ pave the following results:

Text sample No., 344, O, Airfield Text sample No. 378, K, Middle
Formation. Member,
Coprolitic silty shale Phosphatic nodules of hemstitic

ocolite hed

8102 21.35% 3102 10.95%
Fe203 2.03% : Fe,05 1. 38%
FeO 9.10% FeO 6.24%
Pé05 20.50% P’ZO5 25.25%
Total Fezo3 = 12,.14% Fé293 = 21.31%

Both samples yielded large number of hystrichospheres. Presence
of lerze percentazges of P205, Cal, 8102 and hydrous iron, in the samples,
Epparently provided a very favourable manvironmentsl condition for the

Preservation of microorganisms.
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Economic geology

Iron ore

Iron ores of the Bell Island Group and Wabana Formation are
very important from an economic point of view. The Wahana ore is one
of the hi her grade iron occurrences in Canada, averzging 49.5% iron
at tlie mine head, northern coast of the Island. The ore was supplied
up to recent years to Canadian, European and American m=zrkets. It is
this 'Clinton type' iron formation of Lower Ordovician =zge which pro-
vided the economic support for most of the populstion of Bell Island.
There are numerous sisnificant beds but five of them are the most
important; énd economic production has been concentrated on the ore
beds of the Airfield Formation and on the Middle and Upper liembers of
the Wabana Formation (the Lower, lMiddle =nd Upper beds of DOSCO). At
the beginning of present year (1966) the iron ore bed of the Airfield

Formation was being worked,

The are= underlain by ore beds is about 70 sgquare miles, The
ore beds, in common with the other sedimentary roclk units, dip gently

northwesterly and pass_undef the floor of Conception Bay.

Surface open pit mining, concluding with the removal of the
Dominion ore bed of the Airfield Formation, was completed in 1965, Up
to the present time (July, 196C) the mines of Bell Island have produced
more than 70,000,000 tons of ore although their annual production

fi ures fluctuated greatly.
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Constructional materials

Ridges of sandstone pass throu:h the heart of Zell Island and
provide exXcellent building stones for the inhabitants. Several churches
onn Bell Island heve heen made from these sandstones, The Rloman Catholic
gathedral of St. John the Baptist was constructed mainly from the

greenish-gray Lower Ordovician sandstones of Kellys Island.



CHAPTER IV

Paleontolo

In thie part of thesis the pasleontolosy of the Cambro-Ordovic-

jan sequence will be discussed,

Several dark-blue Iregmentary brachiopod sghells belonging to
the enus Lingula and species of Lingulella were found In sandstones
on Kellys and Little Bell Islands, These fossil remsins &re common
in outcrops along the southern, eastern and northern coasts of Kellys
Islznd, A single faint impression of a pygidium of a trilobite (s=ee
Plz=te 5, Fig. 4) was found near the eastern coast of Kellys Island.
Worm borings and tubes are common in the ghales and sandstones of both
Islands, MNumerous tracks and trails of trilobites were found in the
sandstones and dark grey papery shales (see Plate 4, Figs. 1, 2, 4, 5)
of Kellys Island, A single specimen of an unidentified microfossil
(see Plate 5, Fig. 6) was cellected on the southern coast of Kellys

Island, A disc—-type medusoid (?) fossil impression was discovered in

medium—-gray, micaccous, shaly saendstone in Mertins Cove, Kellys Islsnd.

Abundant trilobibte exosks

11

leton parts, hystrichospheres, and
brachiopod shell impressions were collected from lower Manuels River
valley.

Several specimens of hystrichospheres were discovered in shale

samples from Kellys and Little Bell Islands,

Eell Island sediments yield varied kinds of macro- and micro-

fogsils which are listed below:

- 204 -



oprolites and trace fogsils are common both in Wabana Formation
and Bell Island Group. A few lamellibranch shell impressions were
collected from a sandstone bed of the lilddle lMember, Two species of
cephalopods were found in sgheles and sandstone strzta of Ifiddle and
Upper llembers. Brachiopods are common in Bell Islend rocks. One trilo-
bite pygidium was found in a silty shale bed of the Middle lMember,
Pyrite and dark gray shale strata of the Lower lember yielded sever
specimens of graptolites, One disc type (medusa 7) fossil impression

i,

wes discovered in a sandstone bed in Preshwater Cove, northeastern coast

of Pell Island.

Abundant microfossils including hystrichospheres, chitinozoa,
and scolecodonts were discovered in Bell Islznd shale and silty-shale
stretz, and are the first reported finds of these forms on the Island

of lNewfoundland.

The paleontolo y of lower lManuels River valley, Little Tell

Island, Kellys Island and Bell Island h:=ve been described as follows:

Macropaleontolocy

Lower Manuels River valley

Sy=stematic paleontological descr¢=ulons of selected species afl

Cembrian trilobites found in the shale beds of the Paradoxides bennetti,

and the P. davidig zones of Dr. 2.F. Howell are _iven next. These
Cambrian shale beds'vary from olive, throuch lipght gray, to dark gray
in colour. The shales are non—-calcareous, fissile, and soft, Complete
ané also fracmentary trilohite forms are found well precerved on the

bedding plenes.



summary of systematic position of described species

Phylum - Arthropoda
Subphylum - Trilobitomorpha
Class - Trilobita
Order, AGNOSTIDA Kobayashi, 1935
Suborder, AGIIOSTINI Jaeckel, 1909
Family, PERONOPSIDAE Westergard, 1936
Subfamily, ARCHAEAGIIOSTINAL Kobayashi, 1939

Genus, Acadagnostus Kobayashi, 1939

Order, POLYM:EIRA Jaeckel, 1909
Suborder, IESOINACIDA Swinnerton, 1915
Family, CONOCORYFHIDAE Angelin, 1878
Genus, Bailiaspis Resser, 1939
Family, PARADOXIDAE Emmerich, 1839

Subfamily, FARADOXINAE Howell, 1933
Genus, Faradoxides Brongniart, 1822
Order, PIYCHOPARIIDA Swinnerton, 1915
' Suborder, PTYCHOPARIINA Richter, 1933
Subfamily, DIKELOCEPHATLACEA Miller, 1884
Family, DIKELOCEPHALIDAE Miller, 1889
Genus, Dikelocerhalus
Order, AGNOSTIDA Koyabashi, 1935
Subhorder, EODISCIDI Koyabashi, 1939
Family, EODISCIDAE Raymond, 1913

Genus, Lodiscus liatthew, 1895
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Order, OPISTHOI'ARIA Beecher
Family, ORYCTOCLIFHALIDAE Beecher
Genus, Corynexochus Angelin, 1854
Order, POLYMERA Jaeckel, 1909
Suborder, MESCLACIDA Swinnerton, 1915
Family, PIICHOPARIDAE lM=tthew, 1887
Genus, Ptychoparia Corda, 1847
Order, AGNOSTIDA Koyabashi, 1935
Suborder, AGIOSTINI Jaeckel, 1909
Family, FLRONOPSIDAE Westergard, 1936
Subfamily, PERONOPSIIAE
Genus, Peronopsis Corda, 1847
Order, OPISTHOrARIDA
Superfamily, PILIICHOPARIOIDAE
Genus, Syspacephalus Resser, 1939
Femily, SAOINAE (HUPE, 1953)

Genus, Sao Barrande, 1846

Degcription of species

Genus, Acadagnostus Kobhayashi, 1939
Acadagnostus acadicus (Dawson)

(see Plate 2, Fig. 13)

Material: A small cephalon from the Paradoxides bennetti zone of Dr.

B.F. Howell., Its dimensions are: length 1.84 mm.3; width 1.71 mm.;

length of glabella 1.18 mm. (Collection lo. AC, IMFI).
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Jescription:s This small cephalon was found in medium dark-grazy shale,

wetural convexity retsined., OCranidium small, subguadrate, with rounded

mnterior corners, convex; length and width about equal. Glsbella short,
ore or less subconical, tapering forward, bluntly rounded in front,
trongly convex, elevated above cheeks, bounded by broad shallow dorsal
‘urrow, bilobed, divided by a broad shallow furrow transverse to axis.
'he glebella is distinctly arched backward. GCheelks broad, gently con
ex, highest near glabella, sloping evenly outward into shallow marginal

‘urrow, united in front of glabella. Border flat, broadest in front of

lahella, becoming narrower posteriorly. Ho ornzment=tion,
y > = L -

ge: Middle Cambrian.

Genus, EBaili=s»is Resscr, 1936

Baliliaspis spe
(see Plate 2, Figs. 7, 8)

[aterial:s A small cephzlon from the Paradoxicles bennetti zonec of Dr.

owell. Its dimensions ares length, 1.78 mm,; width at posterior
order, 2431 mm.3 length of glabella, 1l.32 mm.3 width of glsbells,

)e66 mm, (Collection No. AC,MF 2, 3, 4).

Jescription: Cranidium semicircular, gently convex., Glsbella more

less conical, longer than brozd. Occipital furrow deep, curved

rackward near dorsal furrow. Glabella unfurrowed., il

=)

rather narrow,
lepressed; border not prominently raised, narrow =t sides but thickening
n front of glabella, Fixed cheeks gently convex. Facizl ture not

rel]l showmn, but it apparently cubs zcross the border on to the fixed
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cheeks. No ornamentation.

Are: Middle Cambrian

Bailiaspis howelli Hutchinson

(see Plate 2, Fig., 3)

Material: A small cephslon, Its dimensions are: length, 1l.55 mm.;
width, 2.44 mnm,; length of glabella, 1,25 mm.; width of glsbells, 0,75 mm,
(Collcction No. AC, IMF5).

Description: Cranidium evenly semielliptical, moderstely convex.

Dorsal furrows broad, shallow, Glzbells elevated, strongly convex,
tapering forward, rounded in front, showing = slight keel, unfurrowed,
Occipital furrow narrow, hent back at edges, brosder and shallower near
gxlis, Occipitel ring broad, widening backward at midline, bearing a
nods, Fixed checks wide, horizontal to slightily dowmsloping near dorsal
furrow, sloping fairly sharply to marginel furrow. DBrim in front of
glebella short, gently dowmsloping to broad, shallow marginal furrow,
border flat to slightly raised, slightly thickened backward in front

of glab=lla, so that merginal furrow is strasight to sli:zhtly concave

across front of cranidium, Surface smooth.

et 1liddle Cambrian.

Dikeloceplizlus Owen, 1852

Dikelocephalus (%) sp.

;ﬁﬁézégl: & moderately sized cephalon from the Paradoxides bennetti
%90 of Dr, Howell. Its dimensions are: length, 1./ cm.; width 1.4 cm.g

“ength of glabella, 0.7 cm.; width of glebella, 0.7 cm. (Gollection lo.
s MFG),
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Description: Genersel form comprising a broad ellipse, moderately con-
——l'—'___._—-._-_-_

vex, cephalon transverse, genal angles extended into small spines:
eranidium roughly subguadrangular in outline with narrow fixed cheeks.
Glabeclls subguadrangular in outline, and narrowing slightly towards its
hrozdly rounded front, posterior furrow strong and extending across the
glsbella; second furrow indicated Ly a pair of short side furrows, a
+hird furrow is indicated.

Genus, Lodiscus Hartt in Walcott, 1884
Eodiscus punctatus (Salter)
(see Plate 2, Fiz. 5)

Materisls A small pypidium from Paradoxides bennetti zone of Dr. Howell.
Its dimensions are: length of pygidium, 2.17 mm. 3 width of pygidium at

enterior end, 3.1 mm. (Collection No. AC, 1FZ2).

Pescription: Pyzidium semicircular in outline, rounded posteriorly.
Axis prominent, strongly elevated, broad in front, narrowing backward.
Eight furrows cross axis, dividing it into nine lobes. Axis bounded by
shallow dorsal furrow, Pleural lobes broad, strongly convex, joined
behind axis,

&re: 1liddle Cambrian.

Genus, Ooigmnedochus Angelin, 1854

Corynexochus minor (Walcott)

(see Plate 2, Fio. 11, 12)

.lkﬁzz;;;: A small cephalon {rom the Paradoxides bennetti zone of Dr.

'HBWEll. Its dimensions are: length, 0,627 mm.; width about 1,15 mm.;
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length of glabella, 0,627 mm. (Collection No. AC, MF7).

Description: Form elongate-—oval, convex. Head longitudinally semi-
circular, convex. Glabella expanding from the base to twice the width
in front, marked by four pairs of short, faint glabellar furrows,
occipital furrow deepn, occipital ring strong. The broad, deep dorsal
furrows unite with the posterior furrows to separate the strongly convex
subtriangular fixed cheeks; eye lobe short, narrow, and defined hy a
groove from the cheek, the groove extends forward to the dorsal furrow.
Free cheeks narrow, marginal rim round; posterior angle pointed, but

not known to be extended into a spine.

Age: lHdddle Cambrian,

Genus, Andrarina Haymond, 1937
Andrarina globiceps jaculator (Howell)

Material:s Several small to moderste sized cranidia were found preserved

in shales of Paradoxides bennetti zone of Dr. Howell. The dimensions of

a single measured specimen of cranidium are: length, 0.8 cm.; width,

1 cm.; length of glabella, 0.5 cm, (Collection No. AC, MF 8),
Description: Cranidium moderately convex, the glabella only a little
more convex than the rest of the cephalon. The front cf cephalon is
sli htly curving. The brim is flat and broad, and is separ=ted from
the rest of the cephalon by a broad, shallow furrow. The fixed cheeks
moderately convex, join broadly in front of the glabella. The fixed
cheek is almost twice as wide at its posterior end as it is opposite

the palpebral lobe., A facial ridge runs from near the I{ront of the
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glebella outward and slightly backward, in a gentle curve, to the
anterior end of palpebral lobe. The neck ring is of medium size,
and is prolonged backward into a small spine. The glabella tapers
gli htly toward the front, where it is rounded. It has four pairs
of short, shallow, indistinct furrows which run obliguely bacikward.,

Surface smooth.

Genus, Paradoxides Brongniart, 1822

Paradoxides davidis Salter

Material: Seversl partly preserved cephalons and one fairly well
preserved moderate-sized cranidium was found in the Paradoxides
davidis zone of Dr, Howell. The dimensions of one cranidium are:
length, l.5 cms.3; breadth, about 2 cm.3 length of glabella, 1.7 cms.;:
(Collection o, AC, MF 9),

Degcription: Cephalon parabolic in outline, the genal spines are
not exposed in the specimen. Glabella reaching forwards to the
marginal furrow, rounded in front, expanded forwards, with the maximum
width about one and a half times the width of the neck ring, the
posterior pert of glabella is crossed by two complete glabellar
furrows as well as the neck-furrow. The free cheek is fairly wide.
The margin of the head, broad snd convex on the free cheek, narrows

in front of the glabells.

Ao

Ages IHddle Cambrian,
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Genus, Pardailhania Thoral, 1947
Pardailhania cf. barthouxi (lmnsuy)

(see Plate 2, Pig. 14)

Materizl: A moderate sized cephalon was found in the shale bed of
Macerial

Peredoxzides bennetti feuna of Dr. Howell. The dimensions are: length

0.8 cm.; breadth sbout 1 cm,; length of glabella 0.55 cm.; breadih of

glebella, 0.4 cm, (Collection NHo. AC, MF 10).

DPescription: Cephalon roughly semicircular in outline, with median
len;th sbout hslf the breadth, The glabella moderstely convex,

Glabellzr outline alunost & trapezium, its sides converging forward
gradually to the frontal lobe. Smooth, unfurrowed glabella., In front

of the preglabellar furrow lies a broad, slightly convex, preglsbellar
field, equal To mbout one-gquarter of the glabellsr lengths in front of
this the anterior border rises steeply, in outline convex longitudinslly,
and thickening medially, Occlpitsl furrow moderately deep and trans-
versely straight, occipital ring not exposed in the apscimen.

dce: Middle Cambrien,

Genus, Feronopsis Hawle and Corda, 1347

Peronopsis (Aczdagnostus) matthewi (Hubtchinson)

(see Plate 2, Fig. 9)

Materials A small eephalon was found preserved in medium dark-gray

ghale of Paradoxides bennetti fruna zone of Dr. Mowell. Its measurements
length, ab?ut 2.8 mm.3 width sbout 3.3 mm,; length of glabella 1.98 mm,;
width of glabellzs at posterior end 1.05 mm, (Collection Mo, AQ MF 11,
12].
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Description: OCephalon subrounded, length gbout equal to width, cephalon
evenly, gently convex from side to side and from front to backsy glabella
sbout two thirds length of cephalon, moderately raised, subcylindrical,
rounded anteriorly, divided into two lobes by a transverse furrow which

is shallow., Anterior lobe short, wider than long, posterior lobe bearing

a small, centrzl node. Cheelts subequal in width throughout, downsloping,

e

smooth. The posterolateral corners of the specimen are nobt exposed,

A

jce: 1fiddle Cambrian,

Peronopsis cf. P. guadrata (Tullberg)

(sec Plate 2, lower Fig. 9)

Material: One small pygidium found$from the same shale sample [rom

which Peronopsis (Acadagnostus) matthewi was recovered. Its mezsurements

arc: length, 2,54 mm,; width, 2,9 mm.3 length of the axis, 1.98 mn,

-

(Collection No. AC, MF 12).

Description: Pygidium more or less eemi-elliptical in outline, axie
broad, tongue-shaped, not reaching rim, bearing a prominent elongated
tubercle in anterior part; lateral lobes gently down sloping, confluent
behind axis, rim broad, flat, the posterolateral corners are not well
expos ed.

es IMiddle Cambrian.

Peronopsis (Acadagnostus. scutalis (Salter in Hicks)

(see Plate 2, Figs. 1, 4)

sisterials A small cephalon recovered {rom the same shale sample [rom

Wiich Peronopsis (Acadagnostus) matthewi was found, Itz measurements

—
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ares width, 3.3 mm,; length of glaebellas 1.89 mm,; width of glabella at

posterior end 1.32 mm. (Collection No. AC, MF 13).

Qgscription: Cephalon subrounded in outline, gently convex from side
to side, glabella moderately raised, subcylindrical, rounded anteriorly,
divided into two lobes by a prominent shallow and wide transverse furrow.
Anterior lobe short, wider than long. Cheeks subequal in width through-
out, downsloping, smooth. The posterolateral corners of the specimen
are not exposed,

Pygidium (Fig. 4) hemispherical in outline and with narrow,
pointed axes, the two pleurae do not join at the posterior end of the
axes, Both pleurae and axes are sharply convex without somites.

Age: Middle Cambrian,

Genus, Protolenus Matthew, 1892

Protolenus (Bergeronia) elegans? Vogdes, 1893

Material: A small cephalon preserved in shale sample of Paradoxides
bennetti fauna zone of Dr. Howell., The measuremenis: are: length, 4.62 mm.s
width, 5,61 mm,3 length of glabella, 3.3 mm.; width of glabella at

posterior end, 2.31 mm. (Collection No. AC, MF 14).

Description: Cephalon more or less hemispherical in outline, Glabella
cylindro—-conical, msrked by three peirs of furrows, the posterior ones
are longer than the anterior ones. Fixed cheeks broad and gently

sloping towards the outer margin,

Age: Middle Cambrian,
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Sao Barrande, 1846
Sao hirsuta Barrande, 1846

(see Plate 2, Fig. 10)

Material: A complete form was found in the dark gray shale of Para-—
doxides bennetti fauna zone of Dr. Howell., Its measurements are:

R — | ettt

cephalon, length, 0,495 mn.; width, 0.87 mm.; length of glabella, 0.33 mm.
yvidth, 0.165 mm,; length of thorax and pygidium, 0,23 mm,3; width of

thorax, 0,82 mm, (Collection No, AC, IMF 2).

Description: Test rounded in outline, cephalon hemispherical in shape,
withh convex glabella which is more or less expanded toward the anteriar,
three pairs of very indistinet transverse oblique glabellar furrows,
fixed cheeks convex, thorax has six segments with rounded extremities,
pygidium is very small is fused with the thorax so it is difficult to
marlc the pygidial characters,

Ages lhddle Cambrian,

Genus, Syspacephalus Resser, 1936
Syspacephalus lsticeps Rasetti

(see Plate 2, Figs. 2, 6)

Materiagl: 4 small cephalon was found in dark gray shales of Paradoxides

bennetti zone of Dr. Howell, The measurements are: length, 2,44 mm,s

length of glabella 1l.65 mm.3; width of glabella at posterior end 1.24 mm,

Collection No. AC, MF 13).

Description: Cephzlon hemigpherical in outline, glabella slightly

tapered, straight sided, truncated in front, most elevated posteriorly.



Four glebellar furrows indistinct. Occipital furrow deep at the sides:

gecipital ring expanded mesially, a part of which is broken in the

=mnle so a@bsence of node, Brim and fixed cheeks convex, fixed checks

= %

m

on the averszre dowmsloping. Rim of the species is not exposed. Fixed

e

cheeks almost as wide as the glabells. Ocular ridges present extending
rom the front cdse of cach eye (mot wvisible) to glsbella. Surface
smooth,

Agcs Middle Cambrian.

Genus, Syspacephalus spD.

(see Plate 2, Fiz. 15)
Material: Two nearly complete forms (with parts of cephsalon, thorax
end pyzidium) were found in dark gray shale of Paradoxides bennetti

<«

zone of Dr. Howell., The species of Syspacephsalus could not he deter-—
mined since diagnostic portions of the cephala were laclking, Their
measurements are: lModerately large specimen, length of cephsalon,

5.11 mm, 3 length of thorax, 5,11 mm,y; width of thorax, 6.09 mm,

Small specimen: length of thorax, 4.95 mm.; width of throax, 4,95 mm,;

length of pygidium, 0.66 mm.; width of pygidium, 2.42 mm. (Collection

g3
Ho. AC, MF 1.).

Uescription: The features in the cephslzs are not clear. T
consists of 13 segments, and the sm=l11 pyzgidium of two segments which

appear to be fused te the thoracic segments. There are two prominent

axiz]l nodes on the fourth =nd £fifth lobes of the axlial region of the

specimens,
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Syspacephalus tardus Rasettd

Material: A moderate sized cephalon from medium derk-gray shale of

Paredoxides bennetti zone of Dr., Howell. Its measurements ares lengtih,

0.7 cme3 width, 0.75 cm.3 length of glabella, 0.5 em,; width of glabella

at posterior end, 0.35 cm. (Collection No, AC, MF 13).

Description: Cephalon more or less hemispherical in outline, glabella
of aversge convexity, slightly tapered, rounded in front., Glabellar
furrows indistinct. Occipital ring not greatly expsnded, bearing a
node., Brim convex, downsloping. Marginal furrow and rim are not ex—
posed., Fixed cheeks convex, slightly downsloping. Ocular ridges faint.
Surface of the test smooth.

Age: DMiddle Cambrian.

Genus, Agnostus Brongniart, 1522

Agnostus pisiformis (Linnaeus)
Material: A small cephslon found in the dark gray sandstone of the
Paradoxides bennetti zone of Dr. Howell., Its measurements are: length,
3«79 mm,3 width, 4.45 mm.,3; length of glabella, 2.64 mmy width of glabella
at posterior end, 1l.48 mm., (Collection No., AC, MF 15).
Description: Cephalon hemispherical in outline, cranidium small, moder—
ately convex, surrounded by a narrow, convex margin, Glabella bilobed,
tepering, the front part evenly rounded, front lobe separated by a
straight furrow of median width and depth. The glsbella is surrounded
by a desp, narrow furrow, which is continued forward in front of the

front lobe, so that it joins with the marginal furrow and separates




EXPLANATION OF PLATE 2

(Figs. 1 to 13 are x 50, Pigs. 14, 15 are 3/4 of natural aize)

Fics. 1, 4e Peronopsis (Acedsgnostus) scubtelis (Salter in Hiclks).
Showing ecephalon and pygidiun,

Figs. 2, 6. Byspascephalus leticeps Rasetti. Showing two cephalons.

FiL. 3« PBalliasspis howelli Hutchinson. 8Showing eephalon,

Pic. 5. Eodiscus punctstus (Salter)., Showing pysidiun.

Fips. T, 8« Bailiasspis sp. Showing cephalon,

FTig. 9« Peronopsis (Acadagnostus) matbthewl (Hutehinson) upper Figure
showing cephsaslon, The lower figure, Peronopsis cf. P. onadrasts
(Tullbersg). Showing cephalon.

Fige. 10. Sso hirguta Barrende, 1846, Showing complete form.

Fics. 11, 12, QCorynexochus minor (Walecott). Showing two cephslons.

Fig. 13. Acadsgnostus acadicus TDemson). Showing cephalon,

Fig. 14. Pardailhania cf. barthouxi (lMansuy). Showing cephalon.

Fig. 15, Syspaecephalus sp. Showing 2 complete forms except cephslon
wiilich is partly destroyed.
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the two cheeks., The front lobe is of moderate convexity, approximately
the same as the cheeks. The posterior lobe is approximately twice as
1onz as wide., The cheeks are wider than glabella =nd moderately con-
vex, of approximately equal width throughout, and are separated by a
furrow in front of the glabella.

Age: 1IMiddle Cambrian,.

Fhylum, BRACHIOPODA

Class, ARTICULATA

Order, ORTHIDA
Suborder, ORTHACEA

Genus, Eoorthis Walcott

Boorthig bellicostata? Walcolt

Material: Several complete shells were found preserved in clay iron-

stone beds of the Paradoxides bennetii zone of Dr. Howell. The speci-

mens vary in size. IMeasurements of a selected pedicle valve yielded
the following dimensions: pedicle valve, 6 mms. in length and 4 muas,
in height, the length of the hinge line is 4 mms., (Collection No. AC,
MF 16).

Degcription: The specimens have = uniform, regular and delicate sharp
radisting surface costae, which are beautifully preserved in the fine
greined clay ironstone., Other features of the shell are not visible.
This form corresponds to Walesott's species (63: pp. 505, 506), Plate
13, Fg. &
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Kellys Island

Brachiopoda

In this part of Chapter IV brachiopods are identified and

classified according to internal and external morphologic features.

Shales in the basal part of the Bell Island Group zre mostly
very soft, dark-—gray in colour, and occasionally finely fissile. They
contain abundant brachiopod valves (for instance, Sample Nos. AC, K I,
420, C' and A') which, however, are poorly preserved owing to their
delicate nature and the later compression they have undergone., The
crushing effects acting on valves of single species of brachiopods
result in'distortions which lead to secondarily-shaped valves,
l=boratory examination of which may give the impression that several
brachiopod species, rather than one, are present. According to Dr.
L.J. Rowell (personal communication), several pseudo-specics could
well be produced by variocugly directed crushing of a single species.

Some valves are laterslly crushed producins a median crest.

There is a vertical lithological chenge in the Bell Island
Group and it becomes silty upward as the result of the addition of
fine gquartz grains. Thin sections show that these rocks are composed
of silt-sized (0,01 to 0,08 mm.) detrital guartz grains (about 10%)
with muscovite flakes and minor amounts of zircon, magnetite,
leucoxene and unidentified clay minerals, These lighter silty shales
(Sample No, AC, K I, 420, @) have yielded species of brachiopods

@gggg;g;;g}. The shales of the still younger part of the sequence are



pmore sandy and sometimes grade into shely sandstones. This upper part,
in contrast to the lower and middle sections, ajparently was either un-
avouraeble as a habitat for liwving brachiopods or unfawoursble for the
prescrvation of their valves, Owing to one of these situstions few
y=lves of brachiopods are found (Sample Nos, AC, K I, 421, F', H' and

420, BY) in it,

Apparently the lower and middle parts of the section were de-
posited on a gently dipping slope under marine conditions which per-
mitted the growth of Lingulells in sbundance, Primary sedimentary

features of thisg outerop s=cltion sugzests thet the species of Linsulella

lived in very shallow water.

Some of the collected species are as follows: Lingulella

ghanz Welcott, L. ibicug Walcott, L. fostermontensis(Sutts), L.

moosengig Walcott, L. concinng Matthew, L. waptaengis Walcott, =and
Linsulepsis rotunda latthew. Specimens of these species have been
checked by Dr. A.J. Rowell and according to him the latter four species
cannot be confirmed unless topotype materisl were aveailable for com-

parison,

Systematic description
Phylum, BRACHIOPODA
Class, INARTICULATA
Order, LINGULIDA
Superfamily, LINGULACEA

Genmus, Linculella Saltcr



Lingulella chapa Welcott'

(see Plate 3, Figs. 11, 12)

Pescription: Specimens collecied by me resemble Walcott's holotype,
Cambrian Geology and Paleontology, Vol. 57, Pt. II, 1213, Plate 50,
Fige 4« Ventral valve with vascular canal (not visible_in valve but
fold is present), umbo acute. The surface has fine concentric growth
lines. Length of shell 1.,l1.cms,, width 0.7 cm,

Collection Nos. AC, K I, 420, H',

Linculella ibicus Walcott

(see Plate 3, Figs. 5, 6, 7)

Description: Several dorsal and ventral vsalves of the species were

found, the figures (sce Plate 3, Figs. 5, 6, 7) are of dorsal valves
which resemble Walcott's holotype, illustrated in Cambrian Geology and
Paleontology, Vol. 67, Pt. 4, 1924, Fig. 8, Plate 108, However, the
velves collected by me sre =longste and broader anteriorly. Shell
thin with very fine concentric striase and lines of growth. Length
of dorsal valve, 0,8 cm., width, 0.5 cm, A few shells of this species
heve algo been collected from Little Bell Island (ec.g. Sample No, AC,
1B I, 419, M).

Collection Nos. 4C, K I, 420, B, F, @, 12, H, R'.

Lingulella fostermontensis (Butis)
(see Plete 3, Figs. 8,13 to 15)
Description: The pedicle valves are subpentagonal to elongate oval

in outline, and longer than wide with the greatest width &t gbout
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the middle, Valves nearly equal in length. Lateral margins more or
less subpzrallel, but anterolateral extremities rounded; anterior
nargin modersastely rounded, Surface with concentric undulations
cro=sed by fine concentric lines. Colour of the shells dark brown.

Lensth of a selected medium~sized shell, 1 cm,, width, 0.7 cm,

Collection Nos. AC, K I, 420, @, H', C'.

Lingulella moosensis Walcott

(see Plate 3, Fig. 4)

Description: The outline and characters of the ventral valve resemble
those of Lingulella moosensis, of Fig. 3, a species erected by Walcott
and described in Cambrian Geology and Paleontology, Vol. 57, Ft. 1I,
No. 7, 1912, p. 232,

The valve (see Fig. 4, Plate 3) is elongate and acuminate in
outline and its surface is marked by fine concentric lines with strong
lines of growth at regular intervals. Only the exterior part of the
ventral valve is exposed.

Length of wventral valve, 0.4 cm.,, width 0.3 cm,

Collection Nos., AC, K I, 420, .

Linculella concinna Matthew
(see Plate 3, Fig. 9)

Descriptions The valves seem to be guite thin towards the lateral and
front margins. The beak is blunt and the lateral margins give the
ventral valve an ovate form, Surface of valve covered with very fine
concentric ridges. Length of shell 0.7 to 1 cm., width 0,7 to 0,9 cm,

Collection Nos. AC, K I, 420, G,
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Lingulella waptaensis Walcott

(see Plate 3, Fig. 10)

Description: Elongately rounded form, the ventral valve resembles

Walcott?s species described in Cambrian Geology and Paleontology,

Vol., 67, Pt. 4, 1924, Plate 122, Fig. 7. The valve shows concentric
growth ridges with fine concentric growth lines. Lencth of shell
0.5 to 0.6 cm., width 0.4 cm.

Collection lios. AC, K I, 420, €.

Genus, Lingulepsis

Linculepsis rotunda Matthew
(see Plate 3, Figs. 1, 2,3)

Descriptionsg Minute valve, ventral valves indistinet acuminate,

ovate and bluntly pointed, marked by undulating ridges of growth.
The surface of ventral valve provide growth ridges with minute
tuberculation. Valves dark gray in colour. Length of a valve
0.5 cm., width 0.3  cm.

Collection Nos. AC, K I, 420, @.



1]

- 227 -

Kellys Island and Bell Island

Coprolites and trace fossils

llodular-shaped coprolites were found in shales on BeEll Island.
Station No. 344, O, immediately south of the 'Ruins' on the northern
coast of the Island is a particularly rich locality for this type of
fossil.

Abundant trilobite tracks and trails were collected from the
rocks of Bell Island and Kellys Island, and three types were identified
by the writer. The behavior and living habits of Lower Ordovician
trilobites are reflected in various trackways and markings called
Utrace fossils®, These traces indicate that in life these organisms
were able to travel either directly aheadlor obliguely to right or
left, occasionally losing contact with the bottom as they planed up-
wards or sideways into water currcnts., They probably also channelled
into the muds constructing 'mests'. Some sidewise motion is implied
by laterally successive similar arrays of paired treclts such as would
be made by dragging a set of approximately equal-sized appendages across
a muddy surface., The size and depth of tracks and trails made by
trilohites indicate that movements of their zppendages often were made
while the animal was pushing its weay through a soft sandy or muddy
gurface either in sezrch of food or while browsing on sea floor algal

nats, The identified tracks and trails =are listed b=low,

Genus, CRUZIANA d4'COrbigny, 1842
Cruziana dispar Linnarsson

Cruzana dispar *

(see Plzte 4, Fiz. 2)
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The tracks of this form species show simple or double

T
croovese. On the sides they exhibit furrowed striations. The grooves
gppear to be mzade by oscillations of walking legs and zt the same time
the wellking and grazing traces are often formed by the action of two
gimultaneous powarful terminal and lateral claws. Often these are

btordcred by two lateral grooves marking the trailing tips of the

creatures cenal spines. The width of Cruziana dispar ¥ approximates

3.5 cms. The form genus Cruziana rances from Cambrisn to Devonian in

gge, Locality of this specimen: Lower Ordoviecian of Kellys Island,

Cruziana gemiplicata

(see Plate 4, Figs. 4, 5)

These types of tracks occur in the form of more or less shellow
pocket-like pits which apparently were either shoveled or scratched
the wallking legs of the trilobhites, The cross ribs formed in this
wey were obliquely placed, more regularly distributed and set at a

more acute angle then in Rusophycus. In Figure /4 the clear incised

position of this creaturel's genal spine trace.

|
FS

laterel grooves mark the
This specles rangss from Cambrian to Lower Ordovician in sge. Im

r measure 1.3 cms, on Kellys Island and approzdmately 3.5 cus,
for those found on Bell Island,

-

Cruziana rugosa

(seec Plate 4, Fig. 1)

The tracks made by this species zre typical of the Ordovician,
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EXPLANATION OF FLATE 3

Magnificetiont Migures 1, 6; 7, 11, 12 = x 24; 2 - 5, 8 = 10 = x 32;

Figs. 1, 2, 3. Linpulepsis robtunda Metthew, ventral wvalves.

Fig. 4. Hngulella moogengils Waleott, ventral wvealve.

Fizcs. 55 6, 7« L. ibicus Walcott, dorsal valves,

Figs. 8, 13, 14, 15. L. fostermontensis (Butts), ventral valves.
Fige 9« L. concinna Matthew, wventral wvalve,

Fize 10. L. maptaensig Walcott, wentrsl valve.

Figs. 11, 12. L. chapa Walcott, ventrsl valves,

EXFLANATION OF PLATE 4 .

Fig. le. Cruzmisns ruross, Locality Sandstoné,; Airfield Formation,
Bsll Island,
llotes This is a natural mud cast collected on Bell Island.,

Fig. 2, QOruglana dispar? in sandstone, Locality Kellys Island. OCast.

Figse 3, 6. Worm tubes in dark gray shale and gandstone, Polls Head
Formation, Bell Island,

Fip. 4e Cruzigna gemiplicata in shaly sandstone, Locality Bell Island,
Gast'

Fige 5. Cruzisna gsemiplicabta in dsrk gray shals, Locality Kellys
Island., Cast,.
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Cambro-Ordovician 'trace fossils'! & worm borings

- 23 -



The cross grooves are very sharp where the endopodite part of the
1imb of creature swept forward and backward marking the mud floor
with these scratches, 8Seileicher suggests that occasionally the
pre—epipodite part of the limb might have also taken part in their
farmétion. In width this species generally measures aboult 10 cms.
‘Locelity: Lower Ordovician of Bell Island.

Trilobite resting traces

According to Seileicher even when trilobites were 'resting!
they made burrows (molds) which were later infilléahresulting in the
formation of Ruhespuren, or resting traces, Striations are often

gseen on the sides of the trasces made by “claws" of the animal,

(Medusoid ?) fossil impressions

Two disge type fosgil impressions (medusoid ?7) were dis-—

eovered on Kellys Island and Bell Island, These are shown in Pig, No. 93, A,B,

There forms are being studied by the writer, and a paleontological note for

blication is being prepared on them,
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Fig.93,A.Photograph exhibits a disc type(medusoid?)
fossil impression in sandstone of Polls Head
Formation, Martins Cowve, Kellys Island.

Fig.93,B Shoﬁiﬂg major part of a medusoid? fossil impression
in sandstone of Townsquare Formation near
Freshwater Cove, northern coast, Bell Isiland.
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Bell Island

Systematic paleontology

Phylum, MOLLUSCA
Class, PELECYPODA
Subclass, PRIONODESMACEA
Order, DYSODONTA
Suborder, IMITILACEA
Wiiteavesia Ulrich, 1893

Whiteavesia sp.

(see Plate 5. Fig. 5)

The shell is thin, obliquely elongate and convex in besal out-
line. It is ineguilateral, the anterior end is small but the posterior
darge., The hin:é-;e part of the shell is not exposed. Length, 4 cms, and
width agbout 2.5 cms. ILocality: This apecimen was found in a ssndstone

bed of Middle lMember, northern coast, Bell Island,

Phylum, CEPHALOIODA
Subclass, NAUTILOIDEA Agassiz, 1347

Order, ELLESMEROCERIDA Flower in Flower snd Kummel,
1950

Family, PROTOCYICLOCERATIDAE Kobayashi, 1935

Genus, Protocyclocerss Hyatt in Zittel, 1900

Protocycloceras sp.

"(see Flate 5, Fig. 1)
The specimen includes a single strongly snnulate orthocone,

circular in cross-section, The annulastions and sutures are transverse



and straight. The giphuncular segments are tubular. The specimen can

1
pDe

compared with the Lower Ordovician speciés of Protocycloceras mentioned

in Treatise on Invertebrate Paleontology (X), Mollusca 3, Fig. 86 (1 a),

pege k 151, Loceality: Silty shale bed of Middle Member, northwestern

coagt, Bell Island.

Subclass, ENDOGERATOIDEA Teichert, 1933
Order, ENDOCERIDA Teichert, 1933
Family, PROTEROCAMEROCERATIDAE Kobeysashi, 1937

Genus, Kirkoceras Ulrich and Foerste, 1936

Kirkoceras sp.

(see Plate 5, Fig. 2)

The collected specimen is not complete., It is large, with a
siphunele which is circular to compressed in cross section, rapidly en-
larging in earlier stages, and taéering adaperturally., The surface of
siphuncle is oblique to the septa. This specimen can be compared with

the Lower Ordovician species of Kirkoceras mentioned in the Treatise on

Invertebrate Paleontology (K), Mollusca 3, Fig. 2, psge k 171. Locality:

Sandstone bed of Upper Member at Grebes Nest Point, Bell Island.

Brachiopoda
No identifiasble brachiopods were recorded within the Pyrite bed
of the Lower Member of the Wabana Formation, Directly beneath the pyrite
bed specimens of Lingulobolus affinis (Lingula hawkei of Dr. Hayes) were

collected and these were of some gignificance in interpretation of the
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l paleodeography. Agar (1l: pp. 38, 39) states that modern forms of
Lingula are confined to tropical or subtropical seas and depths of
jess than 40 meters. They inhabit many different kinds of littoral

P sediments, but especially favour argillaceous types. They are tolerant
of = wide variety of environmental conditions ranging from marine to

braclkish water,

One specimen of linguloid brachial velve was collected from
the non-pyritized graptolite shale of the Lower Member of Wabana
Formation. Several specimens of Eoorthis sp. (see Plate 6, Fig. 2)
were obtained from the sandstones of Freshwater Cove, northezstern

cozst of Bell Island,

Syetematic paleontolo.y

Phylum, BRACHIOPODA
Class, ARTICULATA
Order, ORTHIDA

Genus, Eoorthis Walcott

Boorthis sp.
(see Plate 6, Fig. 2)

The valves exhibit the characters of Licorthis. Incomplete
shells were found in a sandstone bed (lo. 301, D) which contained
Beveral specimens with uniform, repular and delicate sharp radiating
surface costae. The hinge line is straight., Total length, about 2,5 cns.,

width about 2 cms. Locality: Freshuster Cove,
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EXPLANATTON OF FPLATE 5

Fiz. l. Protocycloceras sp. Hyatt in Zittel, Locality shale, Bell
Island,

Fig. 2+ Kirkoceras sp. Ulrich and Foerste, Locality Sandstone,
Grebes Nest.Member, Ball Island,

Fice 3. Pygidium of Niobt (Niobells) homfrayi Salter, natursl size,
shales, Bell Island,

Fig. 4e Pygidium of a trilobite, Locality Kellys Island, Lower
Ordovician, x 6/4.

. 5. Mhitesvesis Ulrich, sandstone, Bell Island,

Fig. 6. TUnidentified microfossil, Locality Eellys Island, Lowsr

- Ordovicilan, x 64.

EXPLANATION OF PLATE 6

' Fig. 1. Idnguloid brachisl valve (erushed), x 16
Fig. 2. Eoorthis sp., Locality Freshwster Cove, Bell Island, x 64.
Figs. 3, 4, 5. Lilogulebolus spy ¢f. L. affinis (Billings), x 16

rd



Lower Ordovician fosslls, Bell Island & Kellys Island
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PLATE 6

Lower Ordovician brachiopods, Bell Island
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Linmuloid brachial valve

(see Plate 6, Fig. 1)

 This is a linguloid brachial valve which has been crushed
longitudinally (i.e. shortened). lore or less rounded in outline,
surface of the valve with concentric ; rowth lines and very fine striae
radisting towards anterior and lateral mar;ins, DBoth length and width

of shell 0.4 cm.

Linculobolus sp. cf. L. affinig (Billings)

(see Plate 6, Figs. 3, 4, 5)

This species has been called Lingula hawkei by Dr, Hayes but
according to Dr. A.J. Rowell of Nottingham University (personnel
conmmmnication) it should be referred to Lingulobolus and mey be com—

pared with L. affinis (Billings).

Figs. 4, 5, length 3.5 cms., width, 2,6 cms. Collection No.
BE, B1, 2.

Fig. 3, length and width of shell 2.7 cms. Collection No. AC,
BT, 1,

A trilobite pyzidium specimen was found obligucly oriented in

8ilty shales of the lMiddle lember oi Wabana Formation.

Systematilic paleontoloyy

Phylum, ARTHROFODA
Glass, TRILOBITA Welch, 1771

Order, PTYCHOPARIIDA Swinnerton, 1915
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Suborder, PTYCHOPARIINA Richter, 1933
Superfamily, ASAPHACEHA Burmeister, 1843
Family, ASAPHIDAE Burmelister, 13843
Subfamily, NIOBINAE Jasnugson, nov,

Gemuzs, Niobe Angelin, 1851

Niobe (Niobella) homfrayi S=zlter

(sse Plate 5, Fig. 3)

Description: The general shape of the pygidium is best described as

gsemi—-elliptical, possessing & margin spproximately 4 mms, wide., The
axizl region is outlined by deep furrows which vary in depth from
anterior to posterior resulting in the posterior axial region being

get at a aslightly higher relief than the anterior,

The axial Ffurrows taper pogiteriorly in the form of & slightly

concave curve, and terminate bluntly on the inner edge of the margin,

The axiel region conbains 6 distinct rings which are more
prominent towards the anterior end; in gddition, 2 or 3 more faint rings

mey be geen btowards the posterior margin,

The pleursl furrows descend to the margin in asymmetrical
curves and possess 6 distinet ribs with intervening furrows. The ribse
terminate at the inner edge of the margin., The furrows deepen towards
the mergin which appears to be flat. Iocalitys open cut working,

northern coast, Bell Island,
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uraptolites

Reasonably well preserved non-pyritized grzptolites, Zound In

W

+the shale directly above the Fyrite bLed, appear Lo belorng to = single

mortho—-species. Those occurring et the base of the shale are, in part,
prritized, For = distance of about one inch above the Pyrite bed the

|

graptalitas were unique in that they have a blue colour on fresh ex—

posure which is due possibly to a small proportion of copper present

3n the iron sulphide. At this horizon well-preserved branching forms

swere collected, =nd from the specimens studied a range lor the initial

gngle of div%rbence was 100 to 130 degrees., The stipes tended to be
guite =zhort (in the oxder of 1.5 cms.) as compared to the Torms found

in the dark gray sheles, The number of thecas varied from 10 per 10 mms,
to 10 per 7 mms, The apertural mergins of the theca=s are as a rule

ﬂmlf sliztly concave and in general the thecas are 2 to 4 times as

long as they are wide, The anzle of inclinstion of aperbtural margins

range between 20 and 30 degrees. The sicula of this form was long and

%hin and generzlly found to measure zbout 1 mm. in length,

Graptolites found in the Pyrite bed itself wers completely
Dyritized and those in the shale directly above were either partially
or completely non-pyritized,

L

Pyritized forms

Pyritized forms Lrom Bell Islznd appear Lo be larger than the
Hon-prritized forms found in the shales. The nyritized thecze =zre pre-

8=rved in some specimens in the form of cylinders brosdenins towards
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$he aperbure, but in other forms they have a pomewhat cone shape., The
gperturs in some of the forms was cllipticel rather Than circuler. In
lgenerel the interthecal angles of the pyritized formg ranged from 1. to

30 degrees.

Spjeldnaes has suggesbted that pyritized graptolites from the
Uprer Tremadocian of the Oslo region in Norwsy underwent, in the process
of fossilimation, a certain amount of swelling and distortion., He en-
s=ged dead graptolites becoming filled with an iron sulphide gel
ich eventually solidified but, where the gquantity of gel was sparse,
only partial pyritization took place. HE also suggested that the gel

would become swollen owing to differential osmotic pressure,

. Non~pyritized forms

Measurements of the intertheczl angles of the non-pyritized
]fraptolites gave readings varying from 1€ to 69 degrees., This variation
may be owing to the following causes. First of all, it may be possible,
&ssuming that the two types are the same species, that the difference
in modes of fossilization accounted for the variation in the theesl
Brglcs, Second, it may be possible that the pyritized forms represent

& gingcle species and the non-pyritized forms more than one species,

which would explain why some measured thecal angles of the non-pyritized
Eraptolites are found to coincide with those recorded for the pyritized

f0rms, The third possibility, which could account for a wide variation

i interthecal angles, is that during compression in the case of the



- Phi -

ngn_;;%-fl'j_tized types the thecae would be overiapped at angles bearing
1ittle relation to those of the original living animal. It is not
proven which of the three possibllities is the most probable explan-
stion. -In- short, the intertheczl angles sre of littls use as a

eriterion for identifying the species present.

A note on the orientation of Graptolites

The graptolites were found oriented roughly along an E.-W.
direction which also provides evidence for loczl current directions
in thet part of the basin, There are very strong suggestions that
preferential orientation has occurred in the case of non-pyritized
graptolites found zbove the Pyrite bed, On the other hand, in the
case of the pyritized forms, similsr trends were discernable although
locelly there appecared to be a more or less random distribution. In
the case of the specimeng which did mhow some preferred orientation
it was possible to relate this to the sedimentational picture. This

has been illustrated in a very general disgram given overleaf,
Six species of graptolites were identified by the writer from
the pyritized and non-pyritized graptolite beds as follows:

Mono-raptus spe, Didymograptus nitidus, Didymograptus cf. nitidus
ﬁﬂeﬂemann), Didymogratus nicholgoni Elles =znd Wood, Didymo-raptus

Diclhiolsoni var. planug Zlles and Wood, Phyllograptus angustifolius
Hall,



surface of
symmetrical ripple
marks -

Zeneral orientation
of pyritized graptolites
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_ marks i
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Systematic paleontology

Phylum, HEMICHORDATA
Subphylum, STOMOCHORDA Dawydoff, 1948
Class, GRAPTOLITHINA Bronn, 1846
Order, GRAPTOLOIDEA Lapworth, 1875
Family, MONOGRAPTIDAE Lepworth, 1873

Genus, Monograptus Geinitz, 1852 emend, of authors.
2 ;o b ]

Monograptusg
(see Plate 7, Fiz. 6)

Descrintion:s Rhabdosome is simple, straight to slichitly curved, thecae

. but apprecisbly overlapping.

Genus, Didymograptus

Didymograptus nitidus (Hall)

(see Plate 7, Fig. 1)

Description: This is a horizontal form in which stipes become straight

after initial flexing at their proximal end., 8Siculas were not observed

in the specimens collected. Thecae arc arranged about 12 per centi-
neter and individuslly are very slightly curved toc nearly straight,
The thecae diverge from the axis at about 40 degrees and are about

-

1,5 mm. long, and 0.4 mm, wide at the aperture. Thecae sres in con-

tact for about tworthirds of their length.



3 - ESS =

Didymograptus cholsoni

(see Plate 7, Fig. 2)

Egﬂription: The gtipes zre about 2.5 cms. in length, uniformly
aﬂndc_, diverging from the silcula at an angle of 130 degrees. Thecae

Eﬁber ebout 12 per eentimeter, with interthecel angles of sbout 22 de-

%ees. Apertursl margin is normzl, and straight,

Ruedemann haos digcussed this gpecies as follows:

8hlack ghale beds on Bell Island, Conception Bay, Nfld., are
engely covered on the bedding planes ultn & single ppecies wf graptolite,
“{ch ie identical with Dldzgonragg nicholsoni, a form of large range

i wide distribution in Greast Britain. The Newfoundland form does not
Ter sufficiently to be recognized as s variely, but in ite general

ine, that ia the angle of divergence of its branches, approaches
variety planus." (45: p. 382).

Didymogsreptus nicholgoni war. planus Elleg and Wood

(see Plate 7, Figs. 3, 9

!
Eggringian: Thepe specimens are charactorized by theilr rigid horizontal

Eipes end cen be compared with the species described Ly Elles and Wood,
4 :

Genus, Phyllograptus

FPhyllograptus angustifolius 7 Hsll

(see Plate 7, Fig. 4)

: Beriptions The rhabdosome is provided with elongate, semi-elliptiocal

ches of mearly equal width throughout their length. The length of
gpecimen is about 1.1 cms., the width ia 0,4 cmse. The thecae are
eontact throughout and sbout 13 in number per centimeter., They =x
eted obliquely upward and are ptraight. Tho specimen collected was

n and incomplete.
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EXPLANATION OF PLATE 7

Fig. l. Didymograptug nitidus (Hall).

Fit. 2. Didymogzraptus nicholeoni,

FigSe 3 5. Didymograptus nicholsoni ver., planus BEllj and Wood
Fiz. 4. ZFhyllograptus angustifolius 7 Hall.

Fiz. 6. Monograptus sp.




Bell Island.

NAUTIYAL, Lower Ordovician Graptolites,
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Micropaleontology

In the present study over 150 rock gamples (shales, silty
eholes, phosphatic nodules) of the Cembro-Ordovician sequsnece were
chemically macerated in a search for microfossils., More than 45
atrztal units yielded large numbers of hystrichospheres, chitinozoa,
gcolecodonts, and some ¥Problemstica" microfossils. A summary list
of the microfossiliferous zones in the Cambro-Ordovieisn is given

Mbelows

Lower Memuels River valleys Four zones containing hystrichospheres,
ILittle Dell Island: Four zones containing hystrichogpheres,

" Kellys Islands: Seven zones containing hystrichospheres.

» Bell Island: Thirty zones containing combinations of hystrichospheres,

chitinozoa, scolecodonts, and microscopic Problematica.

The technique used to isol=ste chemicelly-resistent micro-

. fossils in the present rescarch programme is given belows:

1 N The sample was crushed to pea size and trested with
dilute hydrochloric acid (10 - 20%) in order to re-
move any calcareous contents, and then washed with
distilled water,

2 A small part (sbout 5 grems) of this sample was
placed in a polyethylene beaker and digested with
20 cc. of hydrofluoric acid (60 — 100%) for either

12 to 20 hours or until completely disintegrated.



2)

4)

5)

6)

7)
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5

e digested sample was cenbrifuged, decanted,
washed, and recentrifuged., This process was
repested several times (5 or 6) unbtil the super-
natant water was clear,

llext the sample was oxidized with concentrated
nitric scid for 20 to 30 minutes, and then w=shed
th distilled water (5 or 6 times).

This washed sanmple was treated with a basse

;:l‘

(either KoH or NH,OH may be used) to eliminate

4

humic scids., This step was repested several
times until no odor of the base remzined, and
then the supernatant water was decanted,

The residue was mixed with either s mixbture

(heavy liguid) of potassium iodids, zine chlorids,
cadmium iodide and wateryp or zinc chloride
solution, both having a svecific gravity of 2.2.
The remsining mixture (sample + heavy liquid)

was cenbtrifuged for either a hszlf hour or until
the organic residue floated sbove the heavy liquid
in the form of 2 thin film,

This floating separste was decented into a glass
beaker (400 cec) conteining 10 to 20 ce of either
hydrochloric acid (10%) or acetic =cid (10%) and
was filled with disgtilled water., The residue was

allowed to stand overnight.
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A passage of 12 to 14 hours allowed the residue
to settle to the base of the bezker, and the super—

natant liquid wes either decantsd or piphoned off,

This residue was centrifuged and washed several
times (5 or 6) with distilled weter to remove any
remaining =scid content,

Finally the water in the centrifuge tube was de-
canted, and the residue mounted in glyecerine jelly

on a glass slide for microscoplic exsminstion.

As mentioned above, two types of heavy liguids were employed
in Step 6 of this microfossil floatation method. A heavy liquid con—
g mixture of potassium iodide, zinc chloride, cadmium jodide,
@l water was found most sucecessful. Preparation of this mixbure is

g8 follows:

Potassium jodide, zinec chloride and cadmium iodide were
Bn in 2:1:1 ratio or 415 gns. 1 215 gme.t 230 gms., Thi= mixbture
ae boiled with 150 cc of digtilled wster untlil the solution attained
 j$ﬁécific gravity of 2.2. If necessary, some distilled walter was
Beded to gain the abovementioned specific gravity.

Hystrichospheres

al commentse
In genersl the tests of hystrichospheres, which srs presumed

90 be the remains of unicellular microorgenisms, are composed of organic
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subgtances, The test surfaces mey be gmooth, mmetate or perforate,
granular or pmoath, and ooocur in seversl ghepes including polygonzl,
gphericel, ellipsoidal, digcoidal or, sometimes, elongnte. The teat
encinmg E centrsl body and sither may or mey not have vutgrowths, If
piubtgrowths are present in a hystrichosphere fossil, they msy he in
the Torm of spines (or processes), flanges, or raised ridges., The

grines mgy or mEy not have openingsm.

Well-preservad hystrichoaphere tests sre trunsparent, often
yellow in colour, and sxtremely resistent to the effects of chemiceals,
Their exsct composition is still unlcnowm bt gome micropsleontoleopgints
are of the opinion that they sare compoged of 'cutin! [ an orgsnic

conipound ),

Hystrichoasphesers, hystrichospheres, or hysbrichosphasrids

ere nsmes which heave been derived from the generic name Hystadchosphaera

aprlied to micro-organisms belonging to the Family Hystrichosphaeridae,
These generic and femily names were proposed by Wetzel (1933) for
scanthaceous microfossgils which he deptribed from the Cretaceons of
Cermany, It iz interesting to mote that their spheroid naturs and
snooth ecesing was first deseribed by J.W. Dawson (1871) from Paleczoic

geposits of eastern North Amexrica.

Eisenack, in 1938, added the smooth-cssged forms toFamily
Hystrichosphaeridas, Wetzel, 1933, and srected the new Order
'-'lt{s.,richosphaeridea to ineclude both smooth snd scanthaceous forms,

Under this order he added a new Family, Leiofusidsec, consisting of
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Pupiform end ovel forms, In general the name Yhystrichospheres" is
Miped most commonly for all the forms belonging to Order Iystricho-

pohacrlides,
-

The taxonomic posgition of hystrichospheres is still unkhnowm.
Tn 1963, C. Downie, W.A. Evitt, and W.A,8. S8arjeant proposed that the
\gencrs of uncertein affinity which were formerly classed as hystricho-
gohercs be termed Wacritarchs", and that the Acriterche be treated
az = yroup incertae sedig. TPTurthermorethey have pointed out that
nopencl stural treatment should £it with the "Internstional Code of
P Botanicel Nomenclsture®, Following are the reassons they put forward
in fovour of the use of thig Code:

" - . According to the consensus of modern biolopiezl inter-
pretation, dinoflagellstes are slgee (Braarud, in 1itt.).

ii. The concept of & third kingdom, the Protigta, including
gll unicellular organisms, has gained little acceptsnce
cend it is unlikely that s third nomenclabural Cofs will
be brought into being,

dil. For nomenclatursl purposes, the zlgme generszlly have
been and should cortinue to be treated under the
Botanical Code.

iv. Therefore, the fossil dinoflagellstes, as fogsll algae,
are moglt satisfactorily treated under the Botanical Code,
regerdless of how one cho@ses to evaluabe further the
affinities of the slgas,

V. The precige affinities of the acritarciip to algee,
protozoans, protists, true plants, anil true animzals and
the interrelationship of thesc groups themselves are in
varying degrees uncertain, speculative, and eantroversial,

Vi, From purely practbtical considersbtions, acritarchs and
other miscellaneous planktonic microfossils of organic
compogition and uncertain affinity (so long as thsy nre
not demonstrably animals sensu stricto) should be deslt
with undexr ths same code ag the dinoflagellates.®
(12: p. 4).
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Frenk L, Staplin, Jasonins and Stenley A.J. Pocock, 1965

in their paper on ! s luatid f pome Acritsrchouns Hys

! heve reviewed the morpholozy asnd nomenclsture of leiospheres
glong with simple hystrichogpheres. In this paper they have grouped
the hystirichosphere’ genera, with some modifieationas, sccording to

the system which wag propoged by Downie, Eviti, and Sarjeant.
In the present gtudy the tazonomy, nomenclature and

syesbemetics proposed by C. Dowmie and W.A.8, Ssrjeant dn their

Wy

peper 'On the interpretation and gtatus of some hystricho

(12: pp. 82 -~ 96) in 1963 have been followed =28 clogely ss possible,
However, since even the experts disagree aboul the systematics of
this group, the writer found that he could not follow Downie and
Serjeant¥s clgsasification gltrictly withoutl lntrodueing taxonomic

ambiguities,



Iower Hanuels River wgllevw

Description of Hystrichospheres

Group, ACRITARCHA Evitt 1963

Order, HYSTRICHOSFHAERIDEA Eisenack 1938
Fanily, HISTRICHOSPHAERIDAE
Genus, DBaltigphseridium Eisenack, 1958

Genus, Micrhystridium Deflandre 1936

Genmus, Bsltisphaeridium Eisensck, 1958

Baltisphaeridium parvispinum Deflandre
(see Plate &, Fig. 1)
oval and brown in colour, long diemeter 40 4 snd

ageription: Test

jort dismeter 26.«, test covered with several spines, curved, tapering,

ieir tip is pointed and closed, the base i= broad and embedded, size 4 ...

in Orusia lenticularis shale of Upper

jollection No., AC, MHY), Found

ambri=zn age,

Baltisphaeridium microcladum Downie

(see Plate 8, Figs. 2, 6, 8)

t slightly ellipsocidsal and dark brown to black in colour,

ey s

¢!

ieir slze varies, the long dizmeter of test ranges from 30.«to 38 _z. 2nd

Tra .2-?
-

ort diameter ranges from 24 .. to 28 .« , test smooth, spines moder 1y

ME and numerous, narrow and slightly tapering. Forking only at the

lbs bifurcate, branches very short and thin, Spines length 2 -ec and

enches 1 ¢, Pound in Orusia lenticularisg shale of Upper Cambrian age.



- L0 =-

Genus, Micrhystridium Deflandre 1936

Micrhystridium parvispinum Deflandre
(see Plate 8, Figs. 3, 5, 12)

escription: Test more or less globose and dark brown in colour, long
iameter 20 .« and short diameber 15 « without the spines. Spines 2 ¢«
n size, top broad (Collection No, MIY).

Found in the Orusia lenticularis shale of Upper Cambrian age

nd in the Paradoxideg davidisg zone of liiddle Cambrian sge.

Micrhystridium parinconspicuum Deflandre
(se=e Flate 8, Figs. 10, 11)

Jescription: Test oval and light brown in colour, long diameter 204
mnd short diameter 16 .4¢ without the spines. 8Spines amare 2 .« in size,
braizht, shorter than the radius of test tapering with broad base
lerging into test, tips closed. (Collection No,., MIiY),

Found in Orusia lenticularis shale of Upper Cambrian zge and

Paradoxides davidis zone of lMiddle Cambrian age.,

Micrhystridium rhopalicum Sarjeant

(see Plate 8, Figs. 4, 7, 9)

}escription: Test slightly oval rather than spherical and dark brown
ln colour, long diameter of test 20 .« and short dismeter 17 «, the
Spines number about 20, they taper slightly from the base but expand
knob-shaped) at the tip, size is 4.« . (Collection No. MHY),

Found in Orusia lenticularis zone of Upper Cambrian age.
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Microplankton (unidentified)

(see Plate 8, Fig. 13)

cription:s Test more or less owval, nesrly transparent, long dismeter
32 o4 and short diameter 24 s, its surface does not show any spines,

Found in the olive shale of Lower Cambrisn =ge.

Summarizing the palecontological results of this investigstion
of the Lower Paleozoic rocks of lower lanuels River valley one can wrile
that altogether eizhteen species of trilobhites were collected and
identified, Forty specimens of hystrichospheres (exclusing broken
_apecimens) were discovered in which two generic forms and five species
were identified. A single specimen from the olive coloured shale of
Lowver (?) Cambrian sge was unidentifisble but appears to be a

mlicroplanktonic ? fossil (see Plate 8, Fig. 13).
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EXFLANATION OF PLATE 8

Hystwichospheres from the Cambrian sghales of Lower lanuels River velley.
411 Figures x 600, |

Piz. l. Baltisphseridium pervigpinum Deflendre, from Orusia lenticularis
zone of Dr., B.F, Howsll,

Firse. 25 6, 8. Beltisphseridium microcladum Downie, from Orusia lenbi-
cularis zone of Dr, Howell.

Pics. 3, 5, 12. lMerhystridium parvispimm Deflandre, from Orusia lenbi-
cularis and Paradoxides davidis feuns gone of Dr. Howell,

Pics. 4y 75 9. Micrhystridium rhopalicum Sarjesnt, from Orusia lenti.
culeris zone of Dr, Howell,

Fize., 10, 11, HMicrhyatridium parinconspicuum Deflandre, from Orusia
lenticularis and Paradoxides davidls fsuna mone of Dr. Howell,

Fir, 13. Unidentified microplankion?

-




10

NAUTIYAL,

* @

Cambrian hystrichospheres,

- 259 -

PLATE 8

Manuels River valley
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Little Bell Island

Hystrichospheres

Systematic paleontology

Order, HYSTRICIHIOSTIIAERIDIA BEisenack 1938
Family, LEIOFUSIDAE Eisenack 1938

Genus, Leiofusa Lisenack 1938

Leiofusa tumida Downie 7

(see Plate 9, Fig. 1)

Pescription: This specimen shows two long terminal processes and a
‘more or less rounded central body. The specimen is partly foided from
one side and gives a fusiform appearance, The test is hollow with
gmooth membrane, Terminal processes are broken, Length of the
feentral body 36 ¢, Sample No, 419, H,

Family, HYSTRICHOSFHAERIDAE O, Wetzel 1933, emend,
Deflandre 1937

Genus, Veryhachium Deunff 1954

Veryhachium rhomboidium Downie

(see Plate 9, Fig. 2)

gscrip;bion: 'I‘e'ast rhomboidal with moderstely thick wall, surface smooth,
test size 28 .« 3 processes, four, arising =t corners of the test, simple
and Jong gpines egual to the length of the test size. This specimen

reserbles Downiels (1959) species but test is slightly larger. Sample

'.Nﬂ. "’i—l?, Do



Germus, Baltisphaseridium Eisenack 1958

Baltisphaeridium brevigpinosum (Zisenacl)
(see Plate 9, Fig. 3)
Pescription: This spccies has a more or less spherical test, processes
ghorter than the radius with a Size'of & t, less than 25 in number,
(in optical section’, merging with test at their bases, distzl ends
rounded, 5ips clozsed, Overall size of the specimen 34 ¢¢c . Sample No.

%159, Lt,

Baltisphaeridium cf. brevispinosum {(Eisenack)

(gee Plate 9, Figs., 4 - T7)

Diameter of the test ranges from 24 - 26 _« and length of

Bepines about 12 « , Sample No. 419, Lt

Baltisphaseridium microspinosum (Ziscnack) 7

see Plate 9, Fig. 8)

The test of this specimen is spherical, light brown.

ze 32 4« , size of process 2 _+¢( , processeg closely spaced.

-

specimen partly resembles the species described by Downie 1959

Bt is smaller in size. Sample No, 419, L',

Gemus, Micrhystridium Deflandre 1937
Micrhystridium stellstum Deflendre
(see Plate 9, Figs., 9 - 11)
Cription: Test more or less glohose, 14 — 17 _« without the spines,

se&8sionally tending to be polygonal and beering about a dozen simple



&

But strong spines whose length excesd the test radiues ; in specimens
length of processes sbout 14 ¢« . Sample No. 419, L'.

Micrhystridium stellatum Deflandre 1245

(sse Plete 9, Fig. 12)

ceacripbion: This specimen resembles 'Forma 3' of Wall and Downie 1963,

m——

PTest subpolygonal with a size of 18 ¢ , spine bases are slightly en—
lerged (expanded), length of spine egusl to test diameter, more or

less flexuous and sbout 12 in number, Sample No. 419, L!,

Micrhystridium lejeunei Stoclmens =nd Williere

(see Plate 9, Fig. 13)

Descrintion: Test is globose with an ellipgoidal profile, ornamented

\

with 15 = 20 processes, simple, tapered and curved, and thelr bases
are conicsl, bifid and spread over the tegt., Length of tesht 16 ¢+
and of processes 6., This specimen resembles the holotype of Stoclkmans

and Williere 1962, Sample No. 419, LT,

Genus, Archaseohystrichosphaeridium

(see Plste 10, Figs.l - 9)

Descriptiont This genus was erected by Timofiev (1959) but no type

8pecies has yet been designated known to the writer, According to

s indistinguishable from

=

Dovnie and Sarjeant 1963, the genus

2

Baltisphaeridium Eisenack and msy be by intent a symonym of that genus,
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In the identified specimens diameter of the vesicle ranges
~om 20 - 30.t¢, thin, ornamented with simple and pointed spines.
’ Only one specimen (Fig. 9) shows blunt spines. Size of spines ranges
from 4 - 12.¢c, GColour of the test is brownish yellow. Sample Hos.

419, H' (Fig. 3, 9), 419, L' (Figs. 1, 2, 4 to 8).

Family, PISROSPERMOPSIDAE

Genus, Cymatiosphaera 0, Wetzel 1933 emend, Deflandre 1954

7 Cymatiosphaera sp. indet,
(see Flate 10, Fiz., 10)

Degcription: One specimen isg abttributed to this genus. Shape is sphericel.

The test surface isg divided into very numerous polygeonsl fields by very
low membrancs sustzsined by spines at their junction, these Sf:ines Some—
times are bifurcated. The overall diameter is 40 .« and the spines
measure 4 .« in height from the abovementioned junction. W.A.8. Sarjeant
(19¢1) deseribed two specimens from the Upper Jurassic strata of
Jorkshire coast that resemble members of this genus but he mentioned
that these cannot be attributed with any certainty to it. It is worth
0ting that certaln liesozoic pollen grains, for instance Lycopodiumspor—
dtes clavatoides Couper, have a similsr ornamentation to Cymetiosphaers.

Bample Yo, 419, L'.

Indeterminate

(see Flzte 10, Fig. 11)

This form was recovered from the Sample No. 419, H!', but i=s

Bot determinable as to its systematic position.
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EXPLATATION OF FLATE 9

Bystrichospheres from the Lower Ordoviciasn of Little Bell Island.
411 figures x 600,

ige ls Ieiofusa tumids Dovmie?

Fic. 2. Yervhachium rhomboidium Dowmie,

Tig. 3. Ealtispheseridium brevispinosum (Eisensck).

igs., 4 - Ts Baltigphseridium cf, brevispinosum (Bisensck),
Pig. 8. Baltisphseridium microspinosum (Eisenzck)?

Fics. @ - 1ll, HNMicrhystridium stellsatunm Deflsndre.

Fig. 12. Mierhystridium stellstun Deflandre, Forma 3.
Fige 12. DMierhystridium lejennel Stockmans and Williere.

EXPLANVATTION OF FLATE 10
A1l figures x 750,
Figs. 1 = 9, Archaseohyairichospheéridium

Fig. 10. 7 cymgtiosphasra spe. indet.
Fig. 11. Indeterminate.
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Kellys Island

Hystrichospheres

Genmus, Leiofusa Eisenack, 1938
Leiofusa jurassica Cookson and Lisenack 7

(see Plate 11, Fig. 1)

Pescrivtion: The test of this spcocies is fusiform, size of centrsal
body 40 x 20 .« , two @pines of the specimen are broken and their narrow

bases can be seen to gradually merge with the test.

This hystrichosphere is very rare in the Lower Ordovician
semples examined and resembles the form desceribed by Wall and Downie
1963 from the Permiaen of Britein bubt is sglightly smaller in size.

Sanmple No. 420, b,

Genus, Veryhaschium Deunff 1954

Veryhachium spe.
(see Plate 11, Figs. 2, 4)

Description: The specimen (see Fig. 2) is poorly prescrved and cone
teins 7 broken processes. The test is rhomboidal with 3 apical pro-
Ccessecs visible but the fourth is broken completely. Three isupplementary
Processes ornament the face. heir bases are slightly expanded and in
lensth are less than the test size. Test gize 38 <, length of a

Process sbout 18 .ec, Sample No. 420, A.

The specimen (see Fig. 3) is badly preserved and broken, test
subglobular with a size of 36_¢«c, length of processes about 8 <<,

Sample No. 420, R.



The specimen (see Fig. 4) has a more or less ellipsoidsl test
becring 6 processes, Size of test 20 4« , and of one process 8 #,

s@_::'.;)le lroo !4-21 » DQ

Veryhachium rhomboidium Dowmie

(see Plate 11, Fip. 5)

b

Pescription: Test rhomboidal, surface smooth, walls modsrztely thick,

test size 30 microns, processes four asrising from the corners of the
test, simple, broken in the specimen.

This specimen resembles V. rhomboidium Downie 1959 htut is

glichtly larger in test size., Sample Wo, 420, b,

Veryhachium 7 irregulare Jelthowslky
(ﬂce Plate 11, Fig. 6)

Description: Test subglobular with extremely short, variable and

conical spines. Size of tesht 28 4, and gpines range from 2 = 3 <
Ihis species resembles forma 1 of V.7 irregulare Jekhowslky described

by Wall znd Downie 1963. Sample No. 421, D,

Vexryhachium cf, formogum Stockmans and Willier 1960
see Flate 11, Fig. 7)
Description: Test more or less tetrahedral and possesses 8 appendsges

(IJ"-*Dc..;r‘r-:czs), R apical and 4 supplementsry processes ornament the fzces.
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Wheir bases are expanded and in length are less than the test size,
Weot size 14 4« and of one process 10 <<, The gpecimen is partly broken,

.:.i__:-”, HO. 420, w.

Gemus, Baltisphaeridium Eisenack 1958
tisphaeridium sp.
(EEE Pla‘tii ll, F\iES. 9, 10)
Bescrintiont The specimen ( see Fig. 9) is dark brown with a gpherical
Best of 30 ., fine gramulete wall, Spines are sharply conical, solid
gnd short (length 4 ) and about 50 in number, Sample No, 421, D,
The specimen (Fig, 10) is broken. Diameter of test 26 with

§ ghort spines, 6.« long, Sanmple Ho, 420, R.

Baltisphaeridium longispinosum (Eigensck) 7
(see Plate 11, Pig. 11)

The test and all 4 spines in the specimen are broken,
spherical and browm with a size of 44 <, Processes simple and

Biocoth, Sample No, 421, D,

Baltisphaeridium brevispinosﬁm (Zisenack)
(see Plate 11, Figs. 12, 13)

Specimens resemble Fig. 3, Plate 9 of Little Bell Igland,

-5:"""'“ 6 - 8.c«cand are less than 25 in number., Sample No. 4720, A,
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Baltisphaeridium brevispinosum var, nanum Deflandre

(see Plate 11, Figs. 14 - 23)

Pﬁg{:;"i"‘n"&iﬂ]‘l: Thig is a smsll veriety of B. brevispinosum, and is one

of thc commonest =snd more variable forms found in Kellys Island shales.
The test is more or less spherical to ellipsoidal, procezzes shorver
4han the radius and range in size from 1,2 - 4 .« and are less thsu';t
20 in number, Tests renge in size from 24 = 206 4, Sample Nos. 420, R.

Eric., 15), X (Fig. 17, 20) b (Figs. 14, 16, 18, 19, 22, 23); 421, D

Baltisphaeridium brevispinosum var.wenlockensis Downie

(see Plate 12, Figs. 1 = 10)

tion: This variety also is one of the commonest and most variable
in the RKellys Island sholes., Specimens are more or less spherical to
peoidsl in shape with a range of size from 24 to 30 «,., Processos

in length about one-fifth of the diameter of test and number sbout

20 in optical section., Their tips are sharply poi-ntec‘: to rounded,

@anple os. 420, R. (Figs. 2, 3, 4, 6, 10), D (Fig. 9), b (Figs. 1, 5, 8),
E(Fiz. 7).

Baltisphaeridium trigngulare Stockmans and Williere 7
(see Plzte 12, Fig., 11)

-cri.:-ptiou: The specimen is triangular and rounded with convex borders,
Wnish yellow, test covered with small number of processes. Their

Xlreaities are fine bubt ususlly broken with narrow base but sre widespread,
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pizmeter of test 26 .4 snd length of processes 12 .«. The agpecimen

is partly broken, Sample No, 421, D,

Baltisphaeridium microcladum Downie

(see Plate 12, Fig. 12)

Description: This is a partly broken specimen, test slightly ellip-
soidal, grenular with a size of 28 .ec , nuumber of procesgses in broken
specimen (optical section) sbout 10, their length about 30 percent
of test diameter, processes.narrow and slightly tapering, forking

only &t tips = bifurcate type, branches very short, thin and 1 to 2«

long. Sample No, 420, b,

Genus, Micrhystridium Deflandre 1937

Micrhystridium s=sp.

(see Plate 12, Figs. 13 - 17)

Déscriptions Test subpentagonal to subpolygonsl with a range of

-

size from 18 - 20 .«, In one specimen ususlly sbout 12 processes

y
3

are upresent, length of a process 12 .« snd their bases are enlarged,

Sample Nos, 421, D (Figs., 13, 16); 420, b (Figs. 14, 15) R (Fig. 17).

Micrhystridium stellatum Deflandre

(see Plate 13, Figs. 1 - 9)

Description: Test more or less globose to polygonsl, size 20 .«,
usually one specimen bearing 8 to 12 spines, tapering, 12 - 16 e¢

long. Spines in the specimen (see Fig. 9) are equal to the test size,
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tapering and can be compared with forma 1 (Plate 112) of Wall and

Downie, 1963, Similarly Figure 48 can be compared with forma 4

(Iate 113). Sample Nos. 421, D (Figs. 1, E;,.’?); 420, b (Fige. 2 to 5,
9), k (Fig, 8)a

Genus, Cymabiosphaera 0, Wetzel 1933 emend.Deflandre 1954

7 Cymatiosphaera sp. indet.

(see Plate 13, Figs., 10-12)
Description: This is a broken and badly preserved specimen (Fig, 11)
with brownish shades, Only two ridges (crests) of membranous substance,
10 - 11 microns hizh, are preserved, According to Deunff (1958), =n
abaence of characteristic polyional net on the surface of Lest, and
the peripheral membranous formation similar to lembranilsrnax, would
put it rather close to the group described under the nsme of

Membranilarnsx (7) pirus.

The specimens seen in Figures 11 and 12 are badly preserved and
broken specimens which appear to resemble cach other but two polygonsl
eress are visible on the membranous surface of the former,

Figure 10 illustrates a partly broken specimen which resembles

T
Ll

e specimen seen in Figure 10, Plate 10 of the Littlc Bell Island

microflora, Dody size about 30 4« and heipght of a spine about 84

Sample No, 420, b,



- 273 =~

Genus, Archaeohystrichogphaeridium

(see Plate 11, Fig. 8)

The specimen resembles the form illustrated in Figure 8§,
Plete 8 of Little Bell Island, The tegt is thin walled with a size

of 30 .« , processes are simple and broken, Sample No., 421, D.
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EXPLANATTON OF FLATE IX

licroplanktbton from the Lower Ordovicien of Kellys Island,
411 Figures x 600,

Fize 1e Isiofusa jursssicsa Cookson and Eisenack?

Figs. 25 A« YNerynschium Sp.

Fig. 5« XNerybschium rhomboidium Downie

Fice 6o Yexrwvhechium 7 irrepulare Jekhowsky

Tig. 7« YNeryhaochium cf. formogum Stoclkmsns =znd WHlliere 1960

Tic. 8. Axchaeohystrichogphaeridium, -

Mzgs. 9, 10.  Balbtisphaseridium ap.

™iz. 11. Baltischaeridium lonsispinosum (Eisenack)?

T se. 12, 13. Baltisphseridium brevispinosum (Eisenack)

Figs. 14 = 23. Baltisphseridium bDrevispinosum var, nanum Deflandre.

EXPFLANATION OF PLATE 12
A1 Tigures x 667

Flgs. 1 = 10, Baltispheserlidium brevispinosum var, swenlockensis Downie,
Fig, 11, Baltisphseridium trisnsulere Stoclktmans snd WHllierse?

Fiz, 12, Baltisphaeridium microcladum Dovnie

Fizs, 13 = 17, Mecrhystridium sp.

EXFLANMATION OF PLATE 13

All figures = 540

Lig8e 1 w= 9, DIMiecrhystridium stellsbtum Deflandzre,
S. 10 = 12, ? cymabtiosphaera sp. indet.




PLATE 11

NAUTIYAL, Lower Ordovician hystrichospheres, Kellys Island
B2 7c o



PLATE 12

13 15 '
14 1€

NAUTIYAL, Lower Ordovician hystrichospheres, Kellys Island
=276 -



PLATE 13

~NAUTIYAL, Lower ordovician hystrichospheres, Kellys Island

‘- RY 7 -



- 278 -

Table listing biostratigraphic zones of Bell Island formstions,
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Bell Island

Systemetic paleontology

Order, HYSTRICHOSFHAERIDEA Eisenaclk, 1938
1958

nack,

Gemis, Baltisgphseridium Eise

Baltisphaeridium sp.

{see Plates 14 to 26)

The charscters in general sre mnorsg or less B

ed on page No,269 ; size of the teste range from 21

to 70« and spines measgure about 10.ec ,
Wabana Formstion and Bell Island Group.

Occurrences

isphaeridium brevispinosum (Eisenack)

Balt

(see Plates 15, 18)
S8ize of tegts about

For description, see page I10.26‘1 "
22 ¢, spines measure sbout 12 -,
Airfield Pormation and Townsquare Formation.

var., nanum Deflandre

Baltisphaeridium brevispinosun
(see Flate 15)

For description, see page Ho.270
e Formation,

Ocecurrences Townsgquere For
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B. brevispinosum ver, Wenlockensis Downie

(see Plate 15)

For desgcription, see page o,270

Occurrence: Towmsquare Pormation.

B. longispinosum (Eisenack)

(see Plates 14, 15, 18, 19, 20, 21, 22)

This species hes more or less & spherical test with procesaes
longer than the radius and ugpually lesgs than twenty-five 1in rumber.
Size of the tegts raenge from 25 - 30.<<, BSnines are broken in mogb
of the collected specimens from Lower Oprdovician of Bell Island,
According to Eisenack (1939), this species is characteristic of the
Ordovician, Thie species is one of the most common in Lower Ordovician

shales and silty sheles of Bell Islsnd,

Decurrencses Upper and Middle MHembers, Airfield Formation, Townsquare

Pormation, and Polls Head Formstion,

Beltissheseridium trifurcetun (Bisensclk)

(see Plate 25, Fig, 16)

This specieg may be compared to that digcussed enxd illustrsted

o Moure 3, Plate IV of 'The Hicrofossils of the Upper CGarodociasn
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wahire, North Wales',lyw Professor

H.P. Lewis, 1940,

Processes are brolen in Figure 16 except one which shows
trifurcation. The procesases have expanded bases, Test measures about
25 .« in diameter and one process ig about 7 .e in length, This gpecimen
was Found in phosgsphatic nodules of hematitic ocolite hed of the Middle
Member. It is interesting to note that Professor Lewlis has described
gimilar specimens from the Upper Carcodocian phosphate~band st

Pen—y-garnedd, Montgomeryshire, llorth Wales.

Genus, Micrhystridium Deflandre, 1936

Micrhystridium s8p.

(see Plates 17, 18, 21)

For description, see page No.27/

Oectirrence: Alrfield Formetion,

Micrhystridium stellatum Deflandre
(see Plates 1L to 26)

For characters, see page No.27i. This is one of the most

eommon sgpeciea digcovered in the shale, giliy shale and phosphatic
tles of Bell Island,

Jeccurrences Webana Formation and Bell Island Group.



Genus, Maltiplieisthaeridium (Staplin)

Maltiplicisgohaseridium Epe.

(ase Plates 15, 16, 18, 19, 21, 22, 23, 24, 26)

Subspherical and sphericzl shapeg of vesgicleg of this sgpecies
are very common in Bell Island rocks, ZProcegses are separate, proximally
glender but distally they are expsanded or medified, with closed tips.

One vesicle ususlly containg only one kind of procesg, : Wall of the
vesicle ig smoothiand there is no differentistion between wall of the
vesicle and processes. Spines open in vesicle intericr zt their
connechtidons, Size of vesicle ranges from 18 to 20 .« gnd sometimes
morc, spines sre about 3.cc in length,

Occurrence: Upper, Middle and Lower Memherg, common in Airfield

Formation, Towmsquare Formation,

Gemus, Veryhachium Deunff
Veryhachium €D
| (aee Plates 14 to 26 )
For characters, sece page No., 267, Thisids 2lgo =2 very
common species in Lower Ordovician rocks of Bell Island,

Occurrences Wabena Formabtion and Bell Island Groupe.

Y. rhomboidium Dowmie

(see Plstes 14 to 26)

Chsrecters sre more or less similar to psge No. 268, This is
one of the mogt common species in Bell Island Tocks,

Occurrence: Wabana Formation and Bell Island Group.
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R T .

Veryhachium 7 irregulara Jekkhowsky
(see Plate 18, Pig. 12)
The test of this species is subgbbular, possessing sbout 6 = 7
xtremely short spines which are conical, Size of the test 24 <« and

spines measure from 2 = 3 e,

Occurrences Airfield Formetion.

Veryhachium trispinosum (Eisenack)

(see Plates 14, 15, 18, 19, 20, 22 to 26)

This is a varisble speclies, Shape trisngular, sideg of the
vesicle more or legs straight. Measurement of a specimen: gize from
one side of tip of appendage (process) to tip of opposing appendage is
gbout 25 .¢ . Size of znother specimens the tests ranze from 18 —~ 19 <,
gpines are about 18 4« in length., MNo internsal structures pregent.

Occurrence: Upper and lhddle Members, Bell Island Group.

VYeryhachium trisulcum Deunffl

(see Plates 14,23,25,26)

This specieg differs from V. trispinosum (Eisenack) in having
8 well marked inflated test. 8ilze of the test of a specimen 12 _« and

spines are about 12 < in length,

Occurrences TUpper Member, Airfleld Formation and Polls Head Formation.
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Vervhachium (Hystrichosphaseridium) lairdi (Defl.) DfF.

(sce Plate 16, Fig. 4)

i
This species may be compsred with the form illustrated in

Plabe VIII, Fig. 76 of "Microorzanismes Plactonigues du Primsire

aryoricain' I.-Ordovicien du Veryhadh (Presmiile du Crozmon)' by Jezn

Deunff, 1959, size of test 254 and overall pize aboubt 45 <,

Occurrencs: Airfield Formetion.

? Yervyhechium mecrocergs Deunff
(see Plate 14, Fipg. 3)

The processes of this species are broken (gec Fig. 3).
This form may be compared with Deunffts (1959) form illustrated in
Flste ITII, Fig., 37. Form illustrated in this report is smaller than
Dr. Deunff¥s speeies, Size of the test measures (longer diameter)
L0 et

Occurrence: Pollg Head Formation.

Genus, Hystrichospheeridium Defl, -

Evstrichospheeridium lucidum (Deunff) 7
(seé Plate 16, Fig. 13)

This species may be comparesd with FTorm illustrsted in
Plate IX, Fig. 82, by Dr. Deunff (1959). Species illustreted in
Flgte 16, Fig. 13 of thig thesis exhibits broken processes.

Occurrence: Airfisld Formation.
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Fanily, LEIOFUSTIDAE BEiszenack, 1938
Genus, Leiofusa Bigenaclk, 1938
Leiofusa sp.
{see FPlzbes 14, 23, 25)
Test of this species is fusiform, hollow with émooth membrane.
Soth pize of test (long diameter) and length of spine renge from 10 — 20~
in the collected specimens,

Occurrences Middle Member, Airfield Formation, and Polls Head Formabion,

Leiofugs jursssice Cockson and Fisenack
(gee Plates 17, 25)
See page Ho,2 67 for characters, Overall size 62 .« , Fig. 3

>f Plabte 17, centrsl body messures 33 x 20 .« .

Ocecurrence: AlrPfield Formation,

leiofusas filifers Dowvmie

(see Plate 23, Fig. 40)

The ends of this species are drawn outwards and thus con-
stitute long hollow threads. Fig. 40 exhibits broken thfeads. Bodyr
width is approximetbely one—quarter of its length., Size of the test
(long diameter) is 704« . Thig is & very rare species in the Airfield

Formation and only one gpecimen wags discovered,
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Genus, Poikilofusa Staplin, Jansonius and Pocock
Poiltilofusa sp.
(sse Plate X7, Figs. 4y 5, 6, 7)

Thias ige =& rare gpecies in Bell TIslgnd roecks. Only four
specimens were discovered J‘;_‘rom the Airfield Formstion, Vesicle of
this species is fusiform which is provided with two smell spinss, wall
igs thin, The digcovered gpecimens are broken, 8Sime of the test (long

dizmeter) range from 30 to 60 <,

Genus, Deunffie Downie

Deunffias monosgpinoss Dowvmie

(ses Plate 23, Fig, 1)

This is & very raere species in the Bell Igland rocks, The
specimen shown in the Figure 1 conbteins a hollow ellipsoid&l body of
prle yellow eolour, Iong dimension of the body is 16.« ., The pingls
hollow spine equals lengbth of the test, hence its specific determination
is doubtful,

Qececurrences Airfield Formsbion,

Fungesl spore
(see Plate 15, Fig. 42)

This specimen is a fungsel spore having a septa in the center

of the body. Size (long diameter) of the body 26 <<,
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Some specles of hystrichospherss similar to Baliisphas>idium

nisninosun (Bisenack), Baltisphseridium tyd furcatun (Eigenaclk),

Yervhachium trisvinosun (Eissnack) from Ordovician YHeracheider SchieferV

of the Rhenigh ¥S3Schiefergebirges? originally described in & paper by

i

senack, and from Upper Carodocian E-‘hospha‘be Deposita of lMontgomeryshire,
North Wales, described hy Professor H.P. Lewis are gimllar to forms

which the present writer recovered from ‘the Lowor Ordovician of Bell
Island., Sinmilarly several specimens from Bell Island msy be compared

with some aspecies from the Baltic Ordovician described by Hiscnacik,

The shales and gilty shalesg in Bell Island which .are rich In
hosphatic contents yielded large numbers of hystrichospheres in con-—
rest Lo those shaly rocks which asre deficient in phogphstie contents,

It is interesting to note thaet Professor H.P. Lewig, in 1940, had
collected seversl specimens of hystrichospheres, a few chitinozoa slong
with other microfoassil groups from the Upper Ga.ro&oci&;n phosphate~band

et TFon-y-garnedd, Montgomeryshire, Worth Wales, United Kingdom, Dr.

Jeen Deunff discovered microfossils (Hystrichosnheres and Chitinozos)

in the vicinity of Veryhach, France, His microdesils ocxhibit an affinity
with EBell Island microfossils at both the gensric and spscific taxonomic

la“i‘ﬂl. ) :

Indeterminate species illugtrated in some of thes Tabless of
this thesis mgy be either new species or, if not, one would reguire
literebure, which is not presently availsble to me, for their identi-
fication, 4

Figures in Plates Nog. 32 end 33 are "Problematica' miero-
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EXPLANATION OF PLATE 14

Hyestrich heraes from the Lower Ordovicisn rockes of Dell Island,

Polls Head Formetion.

2
Joourrence

All Pipgure

x 540,
Megs. 1, 2. Leiofusa gD.
Pigs. 3, 7. ?Veryhachium macrocerocs Deunff.
Fige 4. Y. trisuloum Deuntf.
Fipge 5 =7« Y. rhomboidium Downie,
Fig, 8, Veryhachium sp.
Figse 2 -~ 12, Muliivplicigphseridium sp.

Figse 13 -~ 16, 19 -~ 23, 25, 26, 29 ~ 22, Micrhystridium gtellstum D=1,

Fige. 17, 1B, 27, 28, ZEaltipphseridium sp.

e 24e Baltisphseridium brevispinosus (Eisensck),
Mg 33. Baltispheeridium longispinogum (Bisensck).

EXFLANATION OF PLATE 15

Hystrichospheres from the Lower Ordovician rocks of Bell Island,
Cecurrences Townsguare Formation,
Ja3] .-’.‘i,-_j.u'es X 6DG.

Figes. 1, 3, 9 = 12, 39, Yervhachium sp.

My, 2. Yervhachium trispninosum (Eiassnack).

M. 4 = 8. Vervhachium rhomboidium Doymie,

Fige, 13, 14, 31, 32. Micrhysiridium stellatiua Deflandre,

Fig, 15, ZEaltiaphseridium brevispinosum var, nswia Defl,

1ge 17. Micrhystridium sp. '

Figs. 16, 18- 25, 27, 29, 30, Baltisphseridium ap.

i, 26, Leltisphasridium brevispinogum var. wenloclensis, Doyvmis,

FiL. 28. Besltisphseridium brevispinosum (Bissnack).
Figs, 33 - 38, Baltisphseridium longisninosum (Hisenack).

Fips. 40, 4le. Indeterminate apnp.
Fip. 42. PFungal ppore (septrate type).

EXPLATATION OF PLATE 16

4
"

ystrichospheres from the ILower Urdovician rocks of Bell Island,
Ocourrences At immediately south of Buins (Sample No. 344,0, silty
shale), Airfield Formation,
All Fimres = 540,

ga., 1 = 3, VYVeryhachium rhomboidium Downie.,

e 4e Y. (Bystrichogphaseridium) lairdi (Defl.) DET,

« 5. XYeryhschium 8D,

L8, & = 11, Micrhystridium stellstunm Deflandre,

c8. 12, 27, 32. EBsltigphasridium long spinosun (EBisensack)
13. Hystrichogphasrigium lueidun.

bof b b k]
P pde fele Ll

[N
L]

fid
g

Figs., 14 - 26, 2B =« 31, 33 - 37. lcrhystridium gtellatun Deflandsre,
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EXPLANATION OF PLATE 17

Hystrichospheres from the Lower Ordovician rocks of Bell Island.
Occurrences Airfield Formation (Loeaslity 344,D).

All figures x 510, -

Fig. l. Indsterminate sp.

Figse Ry 3. Ieiofuge jurasgica Ocokson and Eisenackj
Fifgse 4 - 7T« FPoikilofusz sp.

Figge 8 = 10. Vexrvhaschium rhomboidium Downie

Fig. 11, Vezyhsachium ap.

Figs. 12, 17, 32, 33. Baltisphaesridium sp.

Flga. 13, 15, 16, 28 = 31. Indeterminate app.
Fige. 14, 22, Micerhysbridium sp.

Fige. 18, 19. EBaltisphasridium hrevispiposum (Bissaaelk).
Fige., 20, 21, Iherhystridium sgtellstum Deflsndre
Fipgg., 23 = 26, Maltispli cls:).-aoriflium SD.

Fig., 27. Yervhechium sp.

EXPLAVATION OF PLATLE 18

Mystrichospheres from the Lower Ordovicisn rocks of Bell Island.

Oe urrence: Alrfield Formsation.

All figures x 570.

Figs. 1, 2 Vervhschium trispinosum (Biszenacik).

Piga. 3, 4, 5, 8. _'E_f. rhomboidium Downie.

Figd, 6, 7. Y.7 irrsculsares.

Wigss 9 21, 32, ALHERS 3, Yeryhechiun sp. = £
Piga, 10, 21, 25, 8% 29, 30. Baltisphseridium brevispinosum (Eisenscik).
Figse 13, 19. lbcrhystridium sp. 7

Fige. 15, X7, 27, 32, Beltisphaeridium sD.

Fige. 18, 33. Micrhystridium stellatum Defllandre.

Figa, 20, 22, 23, 2/, 26. IMultinlicisphzeridiuvm &p.

Fips. 34 - 36, EBaltigphaseridiunm lon-ispinosum {J..:LII'—'LC_..)

Figs. 37, 38. Indesterminate eppe.

EXFLANATION OF FLATE 19

Hyatrichosnheres from the Lower Ordovician rocks of Ball Ialsnd.
Occurrence: Airfield Formation,
All -figureg x 570.

Figae 1, . 2; 2%, 32.,—- 2. Indeterminate gor.

F.i__- :J:- Y'I‘_.'.‘_';‘ cnl"”u a“_"o

Figas. 4, 5, Y. trigpivogunm (""i:;‘r”:_c )P

Figse 6 - 10, ¥. rhomboidium Dowmie.

Tlgae 41 - 13, ’E:TT', 29 = 21, Nicrhystridiuwr gtellatum Deflandra.
Figs. 14, 23. Baltisphasridium lonzispinosun (Gisensclk)?

Figas. 15, I7. Multiplicisphseridium 3p.

Figs. 16, 18 - 20, 24, 25, Ealilgphaeridium =p.

Figp. 26 -« 28, Ipltispheéridium brevisninosum (Risennck).
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EXPLAYATIOH OF ZLATE 20

4
®
»
-

u

Lower Ordovician hystrichospherss, Bell Island,
Cecurrence: Airfield Formstion,

Fige. 1, 34 - 36, Indeterminste spp.

Tis8e 2, 3. Veryhsehium trispinosum (Bisenacik).

Figse 4 - 8. ¥, rThomboidium Downie,

Tiga. 9 = 14. YVeryhachium sp,

Mps. 15 = 17, 31, 32, 37, 38, Baltisphesridium lonsispinomim (Blsennck).
Fige. 18 - 20, Munltiplicisphssridium sp.

Figs, 21, 23, 24, 26 - 30, 33, Balbisohseridigm &p.

Ficas. 22, 25, lMiorhystridium sp.

EXPLANATION OF PLATE 21

Lower Ordoviclian hystrichospheres, Bell Island.
Ococurrence: Airfield Form=tion,
A11 figures x 540,

Figge 1 = 5, Veryhechiuw rhomboicdium Downie.

Figs. 6 = 8, Yeryhschium zp.

Fig. 9. Yoryhschium Sp,.?

Figs. 10, 26 - 28, Micrlystridinm gtellstum Deflandre.
Figs. 11, 12, 16, 18, 20 = 23, Baltisphseridium sp.

iga. 13 = 15, Multinlicigphasridium sp.

Fig. 17. Mierhystridium sp.

Figa. 19, 31 - 36. Indeterminate spp. ’

Figs. 24, 25, 29, 30. Baltisphseridium longispinosum (Elsenacle

EXPLAVATION OF FLATE 22

trichospheres from the Lower Ordovician rocks of Bell Islend,
- rence: Alirfield Formation,
Al figures x 5S40,

FPige. 1, 2, Leiofusa sp.

Fig. 3. Vervhachium trigsninosum (Eisenack).

Figs. 4 = 11, ¥. rhomboidium Downie,

Figs. 12, 13, 16, Veryjyhachium sp.

Figs. 14, 15, 17. Multiplicisphseridium sp.7T

Figs. 18, 20, 22, 23, 25, 35, Micrhystridium gtellatum Deflandre,
Fige, 19, Rl. Zszltisuhseridium sp.

Figss 24, 26 - 3/, PB. longispinosum (Bisenack).
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EXPLAMATION OF TLATE 23

Lowver Ordgvician hystrichospheres, Bell Island.
Occ : Middle Member, Airfiecld Formation,
A1l filpures x 540,

Fig. 1. Deunffis monosninoss Downie?

e 4 Vervhachium trisulcum Deunff.

Fi 8. 5, 6, 7. V. trispinosum (Eigenack).

™Meg. & « 12, Y. rhomboidium Dowmie,

Mripa. 13 - 17. Yeryvhaschium sp.

Tige. 18 = 20, 31, Baltisphaeridium sp.

Tizs. 21, 24 - 27, 29, 32 -~ 32, HMicrhystridium stellsbum Defl,
Tire. 22, 23, 28, 30. Miutiplicispheeridium sD.

Fig. 40. Ieilofuss filiters Pownis,

EXFLAIATION OF FLATE 24
Lower Ordovician hyatrichospheres, Bell Island,
Occurrence: Middle Memher, :
A11 fipgures x 660,

e 1y 2, 33, 37 = 40, Indeterminate spp.

iga
ire 3¢ Veryvhschium trisulcum Deunff.
L0Be &y & = 11, Yeryhachium rhomboidium Downie.

b

5y 12 = 1l4. YVervhachium sp.

LEe. 15, 23 - 26, 28 = 32, Miecrhystridium stellztum Defl.
zg. 16 = 22, Multiplielsphaeridium sn.

o
[

7. Baltisphaeridium sp,
a. 34 - 36. B. longispirosun (Eisenack)

"
°

h] h’__l I:g 'l'.._I ::[j ):Jl l*__J L—_j

v v e fole

i

EXPLATIATION OF PLATE 2

Hratrichosphereg from the Lower Ordovieian yocks of PBell Island.,
Oceurrences FPhogphatie nodules of hemsetitic oolites, Middle MNember,
A1 Pigures x 645.

3« 1 = 4. Leiofusa =pp.
Pipa, 8§ - 6, Vervhschium trisnleum Detinff,
8¢ 7 = 9. Y. irispinosum (Eizenack).

. 10, Vervhachium sp,

Figs, 11 <« 13. Y. rhomboidium Doymie,

ige. 14, 21, Mlerhysiridium sp.

TFige. 15, Indeterminate sp.

16, Hustrichosphserxidium trifurestum Eis,

. 17, 18, 22, Baltiijisphseridium spp.

Figse. 19, 20, 23 - 33, 3. lopgisninosum (Bizenack).

-
—
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E EXPLANATION OF FPLATE 26
|

2 3

r Ordovician hystrlchospheres, Bell Island.
prrence: Upper and Lower Members.
Tigures x 600,

ik

m
.

1 -3, 37 = 39. Indeterminate Spp.
Le Vexryvhachium trisulcum Deunff.
5. Y. trispinosum (Eisensclk).

- 9. V. rhomboidium Downie.

10 = 12, 14, 15, 27. Miltiplicisphaeridium sp.

13, 19, 20, 24, 25, 28, 35. Baltisphseridium sp.
s, 16 - 18, 21 -~ 23, 26, 32 — 34. Micrhystridium gtellabtum Defl.
te 29 = 31, 36, Baltisphseridium longispinosum (Eissnack).

this Plate, hystrichospheres shown in Figure Fos, 10; 12, 14, 15,
- 18 20, 25, 28, 34, 35, sre recovered from dark gray shales,
mmedi ﬂtely overlying Pyrite beds, Lower lMember.

.
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Chitinozos

Tests of chitinozoa are compesed of organic substances. They

are found im such various shapee as¢ rounded, oval-, rod-, club-, bottle-
ghzpod, and, sometimes, flaskeshaped, Ususlly they are open at their opsl
and closed at their proxdmal end. BSurfaces of fsats are either smooth
mey have gimple or brantched spines; =mall ™Mngs or longitudinsl ibs

s he pregent. In the lower Ordovician sequence of Bell Island, their
Bests were fcrund tec oceur either singly or, sometimeg, in bead-lilte cheing,
jiicropaleontologists dissgree sbout the composition of the well., Elsensck

pelicves that chitinozoan tests are composged of a chitin-like subgtimces
ghich is extremely resistant to the effecte of strong sclds,

Iower Ordovician shale rocke conbtain sbhundant and digtinctive
pecenblages of c!ﬁ.-‘hina:aoa)and twenty two zZones were discovered in the
reczont study, Shale gtrata of the Airfield Formstion and of the Iower

Meriber of the Wabana Formetion yislded chitinozmoz in large numbers.

Systemastic palesontology

Charles Collinson snd Howerd Schwzlb have mentioned in their

eper on '"North American Peleozoic Chitinozoal, 1955 that Bisenack in

1931 settled the Chitinozoa which were later revised by the joint work
f Biscnaclk and Deflandre. Collinson =nd Schwelb, 1955, recognized
filtinozoa as an order and placed them in the class Rhizopodea.
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FPhylum, PROTOZOA Goldfuss, 1818
Clasa, RHIZOPODA Dujardin, 1841
Order, CHITINOZOA Eigpenack, 1931
Family, LAGENOCHITINIDAE Eisenack, 1931
Gems, Lagenochitina Eisenack, 1931

(sce Flate 7, Pga, 1 =7)

The gemms has a flask-sheped or boltle-shaped te

-

di ameter near the midlength. The chamber tapers towards mouth which leads
intc a tubular neck and this neck is terminated finglly by a smooth mouth.
Forms are devoid of spines.

Occurrences HMiddle lMember, Airfield Formation, Towmesquere Formetion and
Polls Head Formation,

This gemns containe the following spsciess

Lagenochitina cf. gpherocephals (7) Eisensck

(see Plate 27, Fig. 8)

This form has a flask—-shaped body with a long neck, Fart of
neck is broken in figure, This form mey be compared with the form
11Tustreted in Plate XI, Tig, 120 of "Microorganismes plactonigues du
Primaire Armoricain, I ~ Ordovicicn du Veryhaéh! (presgfile du Crozon)

by Dr. Deunff, 1959.

Oceurrence: Airfield Formation,

Gesnus, Angochitine Eisenaclk, 1931

A

Anpgochitina is & flask-sghaped form having spines, Owing to

this latter character, it differs from Lagenochitina, Angochiting (7) =p.

4 yemm— . Tt
e2t having grestest
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(see Plate 27, Fig. 12) may be compared with illustrated form by Dr.
Deunff in Plate XII, Fig. 131 but the specimen in Iower Ordovician of
Bell Island is smallex,

Occurrence; Airfield Formation,

Angochiting flsscs Collinson and Schwslb

(see Fiate 27, Figs. 10 - 12)
This ppecies is pyriform to subpyriform. The chamber leads into
.2 short neck which is terminsted at oral end by = simpls mouth, The
sboral end contzine concave base, Ths chawber's surface is smooth
with scatteread short Lut well marked spines. GChamber hss a moderately
thiclk wall,

Occurrencs: Airfiseld Formation, Polls Head Formation.

Gemig, Conochitina Eisenack, 1931

This genns conochitina im polymorphic to euch en extent thsh
Collinson end Schwaelb in 1955 have indicated it o be of little Hax-
onomic value, Owing to this resson they heve emended Conochitina to
merely slightly tepered, club-ghaped chitinozoans, Flats 27, Figs., 13
%o 20 and Plste 28, Figs., 1 - 38, exhibit large mmbers of polymorphic
forns of the genus Conochitina collected by the writer. Some of them
&re incomplete (broken during macerstion) and distorted speocimens.
Jecurvence: Iower snd liddle Membersz, Airfield Formstlon, Tounsguare

Pormation,



- 309 -

Concochiting dsctyvlus Collinson snd Schwslb

(see Plzte 28, Fig. 39)

Chamber of this species ig club—shaped -&and has & gzrostest
di=zmeter near the sboral end, Both orally and sborally the form Lapers
z1lightly Trom grestest diameter snd can be well marked in the ppecimen,
Lborgl end broadly rounded which is partly broken in the specimen.
External aurface of the champer ig pmooth and moderately thick, This
anccimen cen be compared with the illustrated specief by Collingon and
Schwalb, 1955, in Pl=te 2, Fig, 16,

Qeccourrenceas irfield Tormetion, and Polls Head Formation,

Gemun, Illichitins Collinson and Schwalb

Collingon and Bchwelb, 1955 have mentioned thsat =Eigensck has

nroposed I1lichitine for a number of speciecs assigned to Conochitine,

e

They hrve fuzrther mentioned that Tllichitina do not belong to that gemnus

s g0 smended, According to Gollingon and Schwalb, Illichitina con-
sisztg of all those gpeciegs thet have s ghazte sugpestive of a bell ywith
a2 maxdgmim diameter at zborzgl end wivich is closed &t orel end having a
enell opening, Forms taper repddly from the maximm dismeter for a
short distance =nd then graduszlly form =& cy]indrical neck hLtowaxrds oral
end. The species collected by the writer (ses Plate 29, Figs. 1 - 3)
exiiblt some varigtions in their proportions,

Qezurrence: Lower Meuwber, Alrfield Formation, Polls Head Formation,
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Goamis, Rhzbdochitinz Eisenack, 1931

(see Plate 29, Figs, 4 -18)

This gemusg includes those apecies which sre fairly long, tubulsar
snd terminatec in no specific manmers Collinson and Schwalb have mentioned
that Bismenack included some species under this genus which showed basel
sort brosdly rounded or £lat, basal bulbs, and some  orovided with
}aéal flare, S8pecimens collected by the writer (see Flate 29,

Figse 4 = © and 13 = 18) exhibit this character. Some @pecimens are
partly distorted and broken,

Cecurrence: lLower Member, Airfield Formstion,

Genus, Desmochitina Tisenseclt, 1931

Degmochitine spe

(sce Plate 29, Figs. 19 -25)

Beverasl more or less bottle-shaped individuals oceur united in
chain-lilke (bead like) colony. The primery individuel has s disc for
gttachment which is not gpparent in the collscted specimens, Ohsins
shovm in the figures may be compared with the illustrated Figure No, 3
of text plate of "Associstion de chitinozosires pghariens du Gothlendien
sundrieur (Imdlowien)! by Philippe Taugourdeau, 1962,

Oecurrences Airfield Formetion,
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Genus, Urochitina 7

Urochitina 7 spe.
(see Plate 29, Figs. 26 = 71)

This speciss is Flask-shaped with long neck, Writer's collected

specimens may bé compared with the illusgtrated Urochitina #p. in Figs. 4

to 8 of the text plate by Philippe Tamgourdeaun, 1962,

Qccurrences MAirfisld Formation, Polls Head Formebion.

Family, HOEGISPHAERIDAE Wilson and Dolly, 1964
Genus, Hoegisphaera Staplin, 1961

(see Plate 29, Figs. 32, 33)

This genus shown in the fizures is more or lese spherical with
apertiure circuler and simple which is bordered by an ammilar thickening,
This %aﬁter character ig not evident in the collected specimen.

Ite
cenerde identification ia doubt

Occurrence: Airfield Pormetion, Towngquare Formation.

Genusg, Ancyrochitina
Ancyrochitina spe.l

(ses Plate 29, Fig. 34)

This species has a maximum @iameter near the aboral end. From

this end thes test nerrows towards orzl end into conicel and finally into
a cylindrical neck which makes up about one-half of the tobtal length in
the specimen collected from Bell Island,
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The gpines =2t the aborel end are missing (broken). The specimen
showm in the figure is a distorted specimen, However, this spscimen may

be compared with the 1llustrated species in Flate I, Fig, 4 of

o =

IChitinozogiites De L'Ordovicien Des U.8.A.; Comparsison Avec Lesgs Fasunes

De L'sncien Monde! by Fh. Taugourdean, 1965,

Occurrence: Ajirfield Formation,

Gemis, Sphaexrochitins Eigenack, 1955

Sphaerochitina nodiilosa Collinson and Scott 7?7

(ses Plate 29, Fig. 35)

Body chamber of the collected specimen is slightly mishroome-
shaped which is provided with & subcylindrical neck, Body chamber at
its base is slightly conwvex, Part of the neck in the specimen ig broken
of £ and very small tubercles (indistinct) ere partly confined to the
lower part of the body chamber,

Occurrences IMiddle Member,

Operculum of chitinozoa

(see Plate 29, Figas. 36-329)
Figures 36 - 39 show detached operculum of some chitinogos,

probably of Desmochitina sp. ?

Cecurrences Upper Member, Airfield Formation, Polls Head Formation,

Indeterminste spp.
(=ce Plste 29, Figs. 40 — 45, 2nd Plate 30, Figs. 1 - 20)

' Figures shown in Flates 29 and 30 are either digtorted specimens

or new apecies of Chitinozos and one would reguire litersture for their
|
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generic or specific identification.

Uccurrences Wabana Formation and Bell Isgland Group.

Graptolites

(see Plate 30, Figes. 21 - 32)

Chemical maceraltion of some shale samples immediately overlying
the Pyrite beds ylelded fragments of sgome graptelites. Figures 21 to
28 e%hibit gicula of graptolites, and Figures 29 to 32 fragments of
their skeletons.

Uccurrence: Lower Member and Airfield Formabtion.
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EXFLANATION OF FLATE 27

Chitinozoa from the Lower Ordovician rocke of Bell Island,
Oceurrence: Upper asnd Middle Members, Airfield Formation, Townsguare
Formation and Polls Heaed Formation,

Megnification: Pigures 1, 2, 18, 19 = x 195; 3 - 5, 10 = x 115;

6, 11, 12 =x 5953 7 =9, 13 - 17, 20 = x 395,

Figa. ) = 7. Legenochitina balticaz Elsenmck

™g. 8. Lagsnochiting cf, gpherocechals {T) Eia.
Fige. 9, 0. Iriraochitina flasez Cellinzson and Schwalb.
Figse. 11, 12, MAnpochitina sp.

Figes. 13 - 20, GConochitine.

EXPLAWATION OF FLATE 28

ILower Ordovician chitinosoa, Bell Island,

Occurrerice: Middle snd Lowyer Members, Alrfisld Formation, Townsquere
Formation,

Mognificetiont PFigures 1 - 11, 13 = 16, 18 - 24, 27 - 33, 35, 36 = x 200;
12, 17, 25, 26, 37, 38 = x 4003 22, 39 = x 1205 34 = x 60D,

Figs, 1 « 38. Showing polymorphic forms of Conochitina,
Fige 39+ Conochitine dactrlus Collinson and Schwalb.

EXFLATATION OF PLATE 29

Lower Ordovician ehitinozoa, Bell Island.

Ocourrsncs: Upper, Middls, snd Lower lemhers, Airfisld Forustion,
Towvnsquare Formation, and Polls Heasd Formstion,

Hagnificetiony Figures 1, 15 = x 1923 2, 26, 27, 31 = x 1123

3, L4, 20, 25, 28, 29, 34, 35, 37, 42 = x 92; 4 - 13, 16 ~ 18 = x 123
19, 21 = 24, 30, 32, 33, 36, 38, 39, 43 = 45 = x 592; 40, 41 = x 32,

Fige, 1 - 3, XIllichitina gp.

Figs,., 4 - 18, Hhabdochitina masna Eisenszclk,
Filgs. 19 - 25, Desmochitina.

Fige, 26 = 31, Urochitines sp.

Figes. 32 = 33, Hoepgisrhaera sp,

Pig. 34. Aveyrochitina sp.

Fig. 35. BSphasrochitine nodulosa Collingon snd Scotdb
Fige., 36 - 39. Detzached operculum of Desmochitina 7
Pigs. 40 - 4£5. Indsterminste spp.
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NAUTIYAL, Lower Ordovician chitinozoa, Bell Island.
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EXPLANATTON OF PLATE 30

Lower Ordovician chitinozoa and graptolites, Bell Island.

Qccurrence: Upper snd Lower Membereg, Airfield Formstion, Townsqguare
Formetion, and Polls Head Formation.

Magnification: WFigures 1, 6, 15 = x 4003 2, 7, 9, 23, 25, 28 = x 803
3, 22, B, 26, T, 0 =x 40y L, 8, 15, 1 16 =« 20, A = x 6004

B 10 =12, 21, 32 = x 2003 29 = x 20,

' Figs. 1 = 20. Indeterminate app. (Chitinozos).
Figss 2l = 28. Bicula of graptolites.
Fige. 29 = 32. TFrasgments of graptolite skeletons.
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Scolecodonts

Scolecodonts have been presumed to be annelid Jaws. Several

paleontologists have compared these fossil chitinous jaws with modern
polychaeta jJjaws. In the present study, six shaly zones, containing

scolecodonts, were discovered: five zones in the Airfield Formation,

and one in the Upper lMember of the Wabane Formation. These scolecodonts

are the first reported find from Basternm North America known to the

writer.

Systematic paleontology

Phylum, ANNELIDA
Class, POLYGCHAETA
Order, ERRANTIA

Genus, Arabellites Hinde, 1879

Arabellites sp.?
(see Plate 31, Pig. 1)
Fizure 1 is a part of a maxilla which is known as sn anterior
hook or fang. The dentary part of the maxilla is missing in this
specimen, hence its specific identification is doubtful.

Locelitys: 345, D.

Arabellites comis Eller

(see Plate 3, Figs. 2,3)

Figures 2 and 3 ghow gmall, subtriangnlar jamws of maexilla 1

containing a denticulate inner margin with a fang, short projections



SR RE

of dentary extend posteriorly from the inner margins of the basse.
In these specimens the posterior parts are missing.

ILocality: 345, D, 3454 C.

Genus, Ildraites Eller, 1936
Ildraites sp.?

(see Plate 31 , Fig. 4)

Figure 4 shows a Jaw of maxilla 1 with a prominent hook
which is missing in this specimen. The inner msargin is denticulste
with more or less sickle-shasped posterior margin, AboutlD dentieles
are present in ﬁa specimen which exbend posteriorly. This is an

incomplete specimen,

Locelitys 345', D,

Gemis, Staurocephalites Hinde, 1879

Staurocephalites =r.7

(see Plate 31, Pigs. 5, 6, 7)

Figures 5, 6 and '7 show broken specimens. The antexrior

tooth is missing in the specimens; its position is followed by a

series of posteriorly directed, diminishing denticles,

Iocality:s 345,D, 345', C, G.

dawa of maxillas

(see Flate 31, Figs, 8 - 20)

Figures & to 20 illustrate incomplete specimens but in
gensral these are jaws of maxilla,

ol
[

Iﬂ{'.‘.ali"b}f‘s 31’}4)1. E, 3;’;.5, D’ 345', G, e



Scolecodont frarments

(see Plete 31, Figs. 21 - 25)

Figures 21 to 25 are scolecodont frsgments, Figures 23 and
2/ mey be compared with the scolecodont fragment illustrated in Plate XI,

Figure 121 of Ordoviecien du Veryhach (Presquile de Crozmon)e. (1), France

by Jean Deunff.

Localitys 345', C, G.
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EXFLANATION OF FLATE 31

Lower Ordovician secolecodonts, Bell Island.

Qecurrence: Middle Member, and Airfield Formation.,

Megnificstion: Migures 1 = 5, 7 = 14, 16, 18 - 25 = x 320; 6 = x 403
15, I¥ = = 520,

s le AHAnterior hook of Arsbellites sp.?
Figs. 2, 3« Argbellites comig Eller,

Mg 4n Idraiien sp.?

igs. 5 = 7. Sbaurocephelites sp.?

EBe S = 20, Jaws of maxilla,

g8. 21 - 25, BScolecodont fragments.,

3 3

sa.
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EXPLANATION OF FLATE 32

Lower Ordovicien 'Problematical! microfossils, Bell Island.
Occurrence: Airfield Pormation,

Magnification: Figures 1 - 6, 8 = 11, 13 - 19 = x 600; 7, 12,
20 = 22 =z 400,

Figpe 1 = 22, ‘'Problemastica' microfossils.

EXPLANTATION OF FLATE 33
Lower Qrdoviecian '"Problematicatl! microfossils, Bell Island,
Occurrences Upper and Middle lMembers, Alirfield Formabtion, Polls
Head PFormation,
Magniflecationsy TFigures 1, 2; 15, 27 = 29 = x 4203 3 — 14, 16 - 25 =
26 = x 210.

Figss 1 = 29, 'Problematica'! microfossils,

x 630
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PLATE 32

NAUTIYAL, Lower Ordovician 'Problematica' microfossils, Bell 1Is
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PLATE 33

NAUTIYAL, Lowver Ordovician 'Problematica' microfossils, Bell Is.
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