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'The Lower Cambrian Bradoré Formation in Southern Labrador consists
predominantly of cross-stratified subarkoses, with thin beds of con-
glomerate an& siltstone in the basal part. -
' The formation is divisible jinto two members; the lower,
named the Blanc Sablon Member, consists of a basal conglomerate and
arkosic sandstones and rests uncongzrmébly on a Precambrian basement.
Intercalated conglomeratic bands are frequent in the lower beds of -this
member. Thick to medium bedded subarkoses in the upper beds display
isolatedilenticular and tabular cross bedding and abundant trough cross
stratification. The upper, named the L'Anse au Clair Member, consists
of thick bedded AUartiose sandstones and thin bedded subarkoses con-
taining worm burrows. Here, cross stratification is less common than
in the Lower Member and is mostly lenticular,

. i i .

Sedimentary textures and -structures indicate that the basal con-
glomerate was formed by a transgression, probably during the early. i
Cambrian. The purity ;f the sandstone and the form of its grains
suggests depositioh of material which h#s been acted upon fbr prolongéd

periods of time, in an environment where currentd have restricted the

accumulation of-silt or grains under a certain size,

Burrowing structures are extremely common and together with the

polymodal orientation of trough cross stratification indicates a
shallow water, low energy environment for the subarkoses of the Blanc
Sablon Member.  The facies of the L'Anse au Clair Member represents

a tidal flat or beach deposit.




~a

~

poeN

/1"




INTRODUCTION

CONTENTS
CHAPTER T
Setting
Gebmorphology
Topography
Results of Glaciation
Drainage
Previous work
Present study
Acknowledgmentsf
CHAPTER I1

GENERAL GEOLOGY

PETROLOGY OF

Regiophd Geologic setting
Faulting )
Bradore ‘Formation
Blanc Sablon Member
L'Anse au Clair Member

N,

CHAPTER 11T

THE BRADORE FORMAT)%N
Sampling and Procedure
Mineralogy

Quartz

Feldspar

Mica, Chlorite and Clay minerals
Accessory minerals *
Textural Analysis of Sandstones
Analysis of size parameters

Form of grains )

Matrix and Cement

Diagenesis

24
28

33
37

45
47
47
50
51
52

.52
57
59
60




" SEDIMENTARY STRUCTURES
Introduction
Primary Sedimentary Structures
Cross Stratificat;pn
Ripple Drift Lamination
Ripple marks
Lamination
Secondary Sedimentary Peatures
Colouration
Soft Sediment Folding
Rain Drop Impressions
Stylolitic situring
Trace fossils :
Problematic MarkingsyFeatures
Flask-shaped structures
Dendritic like quartz veining
Large Scale Circular Structures
without Veins

ANCIENT ENVIRONMENTS -
. Discussion
Environment with respect to Textural Maturity
Enviropment with respect to Mineral Composition
Environment with respect to Classification of
Bradore Sandstones '
Sedimentary structures
Ferrous staining
Palaeogeography

97
98
99

100
102
103
104




LIST OF ILLUSTRATIONS AND PHOTOGRAPHS

Situation map of the northern shore of
the'Strait of Belle Isle

Topography and drainage of the south
Quebec-Labrador coast

Some three hundred feet thick Bradore
sandstones, conformably overlain by
the Forteau Formation. East of L'Anse
" au Loup

Raided strandlines and elevated rock
benches exposed in a bay west of
L'Anse au Clair .

Elevated rock benches in the Br‘adore
Formation o ' :

Generalised geologic map of Canadian
Appalachian region :

* Table of Formations .
Geological sketch map of the Quebec-
Labrador area

 Isopach map showing the approximate
thickness of the Bradore Formation
in southern Labrador '

Distribution of joints in Palaeozoic
rocks in the Strait of Belle Isle.
region, Appendix B,

Distribution of joints in the Pre-
cambrian rocks, Appendix B

Distribution of joints in the Bradore
Formation in Quebe c-Labrador,
Appendix B.

Precambriah granitic gneiss dis-
playing foliation and boudinage

Steep eastward.dipping foliation of
Precambrian schists and gneisses

)




Figure | Bradore Formation overlying the Pze-
cambrian basement with unconformable
contact,

Figure ‘Unconformable contact between basal
conglomerate and underlying Precambrian
gneiss T

Figure Basal conglomerate overlain by fine
grained weathered sandstones, silt-
stones and conglomerates

Figure Faceted pebbles frbwvthe Basal con-
glomerate at Blanc $ablon

Figure White coloured, hérd quartzose sand-
stone of the topmost bed in the
Bradore Formation :

Figure Disconformable contact between the
Forteau Formation and the underlying
Bradore Formation

Figure Rectangular jointing pattern exposed
in the Lower Forteau Formation at
Point Amour Lighthouse

Figure Archaeocyathid reef exposed at Point
. Lighthouse

Figure Geological map of the thesis area, -
Appendix H .

Figure South coast of Quebec-Labrador showing
sample localities of the topmost bed
.of the Bradore Formation, Appendix G.
Figure b . Geological columns and correlation,
Appendix G

Figure Compositional diagram of the Bradore
Formation -

Figures 3-3 to 3-16b are‘loca{gd(in Appendix E

3-3 "Distribution of grain parameters in
vertical section

3-3a Sphericity .distribution in vertical
section :




Figure 3-3p Roundness distribution in vertical 3
¢ N section . - - 119
: ‘ Pigure 3-3c Distribution.qf per¢entage quartz i
type composition in vertical section 119

Figure‘3-4a Cumulative frequgncy curves of the

Bradore Formation . 120
Figure 3~4b "t 113 } T " L) 121
Figure 3-4C ;1 " " f " 122
Figure 3_4d " 1" "t t " 123
Figure 3-4e " oo " "o 124 °
g ~
Figure 3-4F 1" 1 : re (LT} . 125 ‘
Figure 3-5 Distribution of-size parameters in I
vertical section 126
N : -
Figure 3-5g ‘Mean size distribution in vertical . )
'section ‘ : : 126 .
Figure 3:5b- Stdndarq deviation dist'rib_ution in
vertical section : * 126
Figure 3-5¢  Skewness distribution in vertical
section ' 126
( Figure 3-¢ Distribution of size parameters
against location . 127
A Figure 3-6a  Skewness distribution in the topmos t
ci\g’ . bed of the Bradore Forma tipr’ o127
Figure 3-¢p Standara deviation distribyition ip i
, the topmost bed of the Bradore For-
mation ' 127
1
Figure 3-.6c - Mean size distribution in the top- :
. mMost bed of the Bradore Formation . 127 )
Figure 3-7 Statter plot of mean size versyg
deviation ' . 128 3
- . N
Figure 3-8 Scatter plot of roundnéss versys _
sphericity 128

\




P4

Scatter diagrams of skewness versus
mean size

Scatter diagram of skéwness versus
_‘mean size for the topmost bed of the
Bradore Formation’

Scatter diagram of skewness versus mean
size in vertical section

Scatter plot of skewness vexsus standard
deviation :

A Y

Scatter plot of kurtosis versus standard
deviation - .

Scatter plots of skewness versus kurtosis

Scatter plot of skewness versus kurtosis
with parameters derived graphically
L ) :

Scatter plot of skewness versus kurtosis
with parameters derived by method of
_moments - :

Example of ghe procedure. fof computation
of statistics from the moments of a
frequency distribution -

Scatter diagram of gverage roundness
and geometric mean size

Scatter diagrag)gf'average sphericity
and geometric mean size

-\\)

Scatter diagram of long axis -a against
short axis -b measured in thin sections

-
<

As above in phi units




A e

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

.Figure

Figure
Figure
Figure
Figure

Figure

3-18

3-18

3-23

4-1

4-2

4-3

4-4
4-5
4-6
4-7

4-8

Sandstone with secondary quartz showing
well rounding of grains prior to
secondary deposition

L) .
Calcite, dolomite cement in uppermost
sandstone beds

Concertina shaped muscovite accom-
panying abundant matrix and undulatory
quartz.from the basal beds

Rutile and opaque minerals of mag-
netite, hematite and limonite from
the basal beds

Coarse conglomerate from the basal
beds showing subrounded grains and
ill'sorting

Well sorted, fine grained sandstone
from the topmost bed with a relative . \\\

‘high dmount of feldspar’

Photomicrograph x 10 showing contact
between the coarse interlocking tex-
ture of the topmost bed of the Bradore
Formation and a lense of fine gralned
argillaceous sandstone

Palaeocurrent data from the Blanc
Sablon Members

Schmidt net showing 141 poles to
maximum inclination of cross bedding

Tabular cross stratification, with a
planar basal surface

Plan view of a trough cross bed

Tabular cross stratffication ' ¢
’ i

Ripple drift cross lamination - type A

-

Longitudinal ripple mark

Lower beds of the Bradore Formation
displaying horizontal parallel
laminations

62

63

64

64

65
67

69

83
83"
84
84

85

86




o

Figure

Figure

Figure

Figure

Figure

"Figure

Figure

Figure

Figdre
Figure

Figure
Figure

Figure
Figure

Figure

'Figure

Figure

4-9

4-10

4-11

4-12
4-13

4-14-

4-15§

4-16

4-17
4-18

4-19
4-20

4-21
4-22

4-23

4-24

4-25

Colour banding with €Toss lamination
and concave shaped lamination formed

by interstratal~currents 87
Contemporaneous folding -exposed east
of L'Anse au Clair : ) 87
Coleur and différential cementation. S
in cliff face, East of L'Anse au t
Clair ' : ‘ 88
Quartzitic veins with aésociated )
colour banding v 88
Verficél Section through the veins

" and circular Structures showing a
Synclinal shape ‘ 89
Large scale colour banding . 89 -
Vertical Section thrbugh the
Structure showing continuous
colour banding from one basin
to another : : 90
Pink Coloured sandstone infilling ' 91

. . -

Vertical rock face with abwndant
c¢ylindrical tubes 92
Cylindrical worm tube with & dia-
meter of }§ inch ‘ . 92
Weathered vertical cylindrical tubes 93
Scolithus errans on a bedding plane 93

lorizonta] Section through a worm )
burrow . . 94
; N s :
Verticat section through a worm o
burrow ¢ 94
Flask shaped Structures on 3 .
vertical rock face : . 95
Vertical rock' face displayin flask
shaped Structures %) 95

e

Oscillation ripple marks ijn the
Forteau Formation . 96

"D

“

.

hr ]

>



Figure 4-26 Rain impressions on a sample from the
Forteau Formation

Figure 5-1 Palacographic map of the Lower Cambrian
in southern Labrador and north-western

Newfoundland




10,

APPENDICES
Page
APPENDIX A
- -
Table -1 Rock Terraces in the Bradore
Formation . 108
APPENDIX B : JOINTS 1909 \
Figure 2-5 Distribution of joints in Palaeozoic
rocks in the Strait of Belle Isle
segion ' 110
Figure 2-6a Distribution of joints in the Pre- L
cambrian rocks i 111
Figure 2-6b Distribution of joints in the
Bradore Formation in Qucbec-
Labrador 112
APPENDIX C ’ STATISTICAL MEASURES
Formulae for statistical measures ’ 113
Formulae used in the calculation of cross
stratification parameters 114
APPENDIX D DATA
Table 3-1 Percentage mineral composition
of the Bradore Formation ‘ 115
Table 3-2  Percentage of quartz types~in
the Bradore Formation 116
Table 3-3 Grain size parameters of the
] Bradore Formation 117
Table 3-4  Grain size parameters! based on
: moment measures and s(’nape
analysis, 3 118
APPENDIX E PLOTS
Figures 3-3. to .';-16b, see list of illustrations 119 - 134

APPENDIX F PM‘EONTOLOGY OF THE FORTEAU FORMATION 135




APPENDIX G SdJTll COAST OF QUEBEC-LABRADOR SHOWING Page
"SAMPLE LOCALITIES OF THE TOPMOST BED OF
THE' BRADORE FORMATION. Figure 3-1la 136
GEOLOGICAL COLUMNS AND CGORRELATION
Figure 3-1b V-
. »

o

APPENDIX i GEOLOGICAL MAP OF THE THESIS AREA, Fig. 2-17

(Appendixes G (Fig. 3-1b) and H to be found in
the loose leaf jacket)

1

11

-1




e

CHAPTER 1
INTRODUCTION .

THE SETTING

The area considered in this thesis centres a.r(nld Forteau,
Labrador and .extends 15 miles north-eastward to West St, Modeste and
12 miles westward to Bradore (Fig. 1-1). A coastal strip 3 miles
wide, with an approximate length of 45 miles, was studied more
thoroughly than was the inland terrain. Ile au Bois and Greenly
Island lie to the south, and are included in the investigation,

Most of the inhabitants rely on the fishing industry for a liveli-
hood and the population is restricted to small communities situated
on the coast, usually in protective bays. A few families tend the
lighthouse on Greenly Island.

During the summer a ferry service operates from St. Barbe on
the northern penif\sula of Newfoundland, to Blanc Sablon, near the
Quebec-Labrador border. Canadian National operates a coastal boat
service with calls at Blanc Sablon, L'Anse au Loup and West St. Modeste.

Chartered flights originate mainly from Deer Lake and provide a

limited air service to Blanc Sablon and Forteau.

A rough gravel road links all the coastal communities in the
area. Almost .a11 the coastal section is readily accessible with low
tide being the limiting factor. Boats are available for charter from
any of the fishing villages. Inland, accessibility is extremely poor

and good exposures are rare.

>
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GEOMORPHOLOGY

Togographzj

The thesis area is a dissected plateau ranging in height between
250 and 1,000 feet. The region is bordered largely by coastal cli f;'s
up to about 300 feet in height .('Fig. 1-3), and by embayments at the
mouth of rivers. Highlands, formed from flat-1ying deposits of
sedimentary rocks, are separated by low lying valleys in which Pre-

cambrian crystalline rocks are exposed. Further inland and beyond the

thesis area the Precambrian basement forms very rugged topography.

Results of Glaciation

Evidence of glaciation is indicated by glacial striations, roches
moutonnées, erratic boulders and valley morphology. Striae found in
Blanc Sablon and further west show a south-easterly trend; roches
moutonnees indicate movement to the south east. Erratic blvcks of
Pfecambrian granite can be seen in several places, for example, at
Schocner Bay and north of Fox Cove. The valleys in cross section show

<
a broad U-shape and have a very rugged floor.

Unconsolidated sediments of glacial and post-glacial origin occur
in the area. The unconsolidated material, consisting of drift, peat '
and marine gravel, is a thin veneer largely concealed under bogs and

underbush.

To the north of Blanc Sablon a 'reim\_ant of a possible bay bar was

AN

observed. Initially this may have consi?ged of glacial moraine which
AN

formed a dam and resulted in a lake or a serﬁs of lakes and ponds.

N
AN

\




Now the barrier, surrounded by marsh and boglargd, is incomplete ang
Crescent shaped with the focal point out to sea, The sediment

shows very 800d ‘rounding and was probably reworked by the sea when the

latter reached further inland. Eskers can be seen nearby and thege
also show a 5eau¢ard~ south-—easterly trend, .
Post glacial fteatures of the area are interesting, giving
evidence for both submergence ang emergence, The coastline is
indented with drowned river valleys which run normal to the coast,
Elevated wave-cut terraces (Fig. 1-5) and raised shorelines occur and
are interpreted as being the Tresult of uplife of the coast following
the removal of the Labrador ice sheet (Table 1-1), Appendij x A).
Grant (1969) stated that raised strand lines are pPresent up to 500 :

feet above mean sea level in the region. Occasionally. elevated

found a considerable distance inland frop Blanc Sablon and Forteau,

Suggestive of formerly higher sea llevels. They also claim that in

Greenly Island, where there is now land, Explanations for this land

accumulation include oceanic current deposits, wind accretion of sand




‘

navigational hazards, However, loca] fishermen had been told by their

ancestors that this Was not always sg,

In tonclusion, this part of the Labrador coast exhibits features

"small waterfalls and j series of ponés, suggestive of 3 drainage
pattern in early youth, Streams draining thevinland terrain west
of Diable Bay frequently form small falls; larger, more Spectacular
falls, can pe Seen at the northern end of Bradore Bay, where the
Bradore River drains the Precambrian Shield: Relatively large rivers
in the area, namelyrthe L'Anse au Clair and Forteau Rivers, flow into

long coastal inlets angd have extensjve delta deposits (Fig. 1-2),

Previous Work
In 1860, Lieber made 3 coastal survey of Labrador, feporting
little of the sedimentary s€quence found in the thesis area, The
following year Richardson Studied and sampled (jn Christie, 1951)

fossils from the Cambrian strata. In 1863, Logan Suggested that the

Belle Isle were equivalent to the‘Potsdam groub of New York, At
'L'Anse aux Blanc Sablon! he gave g« thickness of 231 feet to the

Bradore Formation ang 143 feet to the Forteau, Logan also described




——— River stream

' —~—ato— Copntpour
FORTEAU interval n foeet,
. POINT

Figure 1-2

TOPOGRABHY ANB DRAINAGE OF THE
SOLTA QUEBEC-LABRADOR COAST.,
GREENLY ILE :
ISLAND AU 5! o 3 Miles
% Bors : ¥ o r—— ™ Klometres
5 o 3

A




18

similar strata at Hawke Bay on the southern side of the Strait of

Belle Tsle. Further palaeontological wori was carried out in the

area by Weston in 1872 (in Christie, 1951). Bell, in 1884, made a
study of the Labrador coast amnd considered the red coloured sedimentary
rocks in the area to be of Lower Silurian age.. Packard, in 1891,
studied the geography of the Labrador coast and made some gener;I
geological observations. The area was visited by Daly in 1902 and

ten years later by Schuchert and Twenhofel, whose“collection of

éosq;Ls were described by Walcott (1912). In 1920 Dunbar and

. )
Lovering carried out detailed stratigraphic studies of the Cambrian

strata. ‘

The most complete description of the reglonal geology was pre-
sented in a memoir by Schuchert and Dunbar in 1934, on the strati-
graphy of western Newfoundland. Christie (1951) deviated little from
Schuchert and Dunbar's classic description of the area, but provided
palaeontologlical evidence of a Lower Cambrian age for the Forteau
Formation (verified by the present study). He described outPiers of
Cambrian sedimentary strata occurring at Henley HarSour, St. Peter
Islands and Table Head. He remarked that basalt present at Henley
Harbour and Table Head may be related in time to deposition of the
Bradore Formation.

Douglas (1953), in a very brief report of the area, mentioned that
g .
-
coal had apparently been seen by local residents in Blanc Sablon,
Forteau and Red Bay. These alleged coal deposits were investigated *

and found to have been mis-identified. ' -




In 1967, Fong made an intensive study of the Archaeocyathid-

bearing Forteau Formation and briefly described the palaeontelogy,
lithology and envirenment of deposition of the Bradore sandstones. !

In 1969, '@peration Strait of Belle Isle' was undertaken by the

Geological Survey of Canada, D.R. Grant wag;}espbnsible §or studies
of the Pleistocene geology, H. H. Bostock for the Precambrian g%@issic
rocks_gnd L.M. Cumming for the Palweozoic strata.

Balsam (1970) was particularly‘interested'in the palaeoecology of
the Archaeocyathids and the structure of the Lower Cambrian® fessil
commumities.

Swett and Smit (1972) made a comparative study of the Cambro-
Ordovician shelf facies of western Newfoundland, northwest ghotland

"

and central east Greenland. . .

Present Study e

The purpese of this investigation is to interpret the depositional
and diagenetic history of the Lower Cambrian or older shelf facies on
the northern side of the Strait of Belle Isle.

During the summer of 1970 field observations and measureménts were
made and the best exposed and most complete sections of the Bradore
Formation were studied in detail. Sedimentary features, such as S
various kinds of cross-stratification, were noted and photographic
documentation was aiso kept, Palaeocurrent data were blotted on rose
diagrams and on a Schmidt net. ' N

Aeriai photographs at a scale of 1 inch to a mile and a topogféphig

. .

)
~

map at 1:250,000 were used in this study. Some local names for geo-

—~—

graphic features mentioned in this thesis are not shown on the




published maps.
Examination of about fifty petrographic th{i sections was under-
(‘\ taken together with photographic records of sedimentary and diagenetic
petrographic features. Statistical analysis of petrographic detail
such as composition, grain size distribution, shape and mineral al-
teration and other associated sedimentary features enabled environmental

correlation to be carried out, Polymodal distribution of current

directions, based on lenticular, tabular and trough cross-bedding

in the Bradore Formation, aided in the reconstruction of the depositional
environment.

X-ray diffraction was used to determine various clay minerals and
to confirm the presence of glauconite. Final interpretation of the
sedimentary history of the shelf facies was based upon both field and

petrographic observations.



21

-~ @

Ls

Acknowledgments *

L 4

The writer wishes to express his sincere gratitude to all those
who assisted in the preparation and completion of this thesis, i
| He is particularly indebted to Dr. A. F. King, who suggested the
subject matter and under whose supervision the thesis was written, J
with financial support from a National Research Grant number A7052,
The faculty of the Geology Department: especially Dr, W, D,
Brueckner, Dr. R. Sl%tt and Mr. M.M. Anderson are also gratefully
thanked for their assistance.
‘ Dr. L.M. Cumming, of the Geological Survey of Canada, his
ass?éfant S. Tella and R. Levesque, a geographer/archaeo{?gist working
in Lhe area, are acknowledged for their help and advice in the field.

The technical and photographic staff are’thanked for their co- .

operation. |




Figure 1-3.
(P. 14 )

Figure 1-4
P. 15 )

>

Approximately 300 feet thick Bradore sandstones,
conformably overlain by the Forteau Formation
(extreme top of picture) East of L'Anse au
Loup.

— i T .

Raised strandlines and elevated rock benches
exposed in a bay west of L'Anse au Clair
Looking N.W. (Table 1-1, Appendix A, column 3)

22



Figure 1-5 Elevated rock benches in the Bradore Formation. The contact between

.38 ] the Precambrian and the overlying sedimentary rocks can be seen at sea
level near the outer beacon light. View looking N.W. towards Blanc
Sablon.



\ CHAPTER 11
GENERAL GEQLOGY

\ REGIO GEOLOGIC SETTING
Willlams (19673-divi the northern Appalachian Mountain system
into three geologic provinces:- the Western Platform, the Central
Palaeozoic Mobile belt and the Avalon Platform (Fig. 2-1). The
thesis area is part of the Western Platferft which incorporates all the

terrain west of the Baie Verte-Grand Lake lingpament and has an exposed
~—
basement of Grenville rocks.

The basement consists primarily of pir;k quartzofelds;‘)athic gﬁeiss
(Fig. 2-7), termed 'Domino gnei%s' by Leiber (1860). Piﬁl; biotite
granite and shearsd and foliated gneiss als; occur, the latter being
cut by numerous pegmatitic and aplitic veins. The gnelss passes into
homogenous gr_anité making it difficult to differentiate between the
two in the field.

The Precambrian basément crops out at Blanc Sablon, and at Lourdes
du Blanc Sablon, as well as in- the valley' floors at Forteau, L'Anse au
Loup and Diable., At Bradore (Fig. 2-8) it consist% qf pelitic and
semi-pelitic schists with a pronounced foliation dipping steeply to
the east. Towards Blanc Sablon the attitude of the foliatien decreases
and becomes less distinctive. Kranck and Christle (1951) suggest that:
granitization of bande:d sedimentary formations accounts for the deri-—l

(%4

vation of some of the rocks in the area.

Hornblende gneiss occurs to the northeast around Diable Bay and

L'Anse au Loup, and is dark in tolour. Betz 1(1939) - thought that the

/




GENERALIZED GEOLOGICAL MAP OF THE
CANADIAN APPALACHIAN REGION ,
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hornblende gneiss in Canada Bay was derived by metamorphism of sediments

because of the high content of quartz. Piloski (1955) probably used
the same logic in calling the Precambrian exposures in the thesis area
'paragneisses’,

The Lower Cambrian sedimentary rocks unconformably overlie a
Precambrian basement and appear to thicken southeastward (Schuchert and
Dunbar, 1934; Betz 1939). Across the Stxrait of Belle I‘sle on the
northern peninsula of Newfoundland they are faulted and can be __t,;acgd
laterally into metamorphic rocks which probably constitute a klippe
(Lilly, 1967). Local basalt flows at the base of the Lower Cambrian
have been reporteg by Clifford ‘(1965) in Newfoundland and by Christie -
(1951) and Williams § Stevens (1969) on Belle Isle, Table Head, Henley
Harbour and St. Peter Island. :

5

The flat-lying sedimentary sequenée in the thesis area comprises '

two formations (Fig. 2—.2); the mderl)'v‘ing Bradote Formation, consisting

~

of sandstones and conglomeratic bands, and the overlying Forteau
Formation, consisting of shales gnd limestones. ‘ the eastern side of
Newfoundland's northern peninsula, Betz (1959), reqognised a basal sand-
stpne sequence below the- Forteau i_-‘orma'tion thch he named the Cloud
Mowntain Formation. ' : | ’
The red arkosic sandstones and conglomerates ¢f the Bradore For-
mation lithologically resemble the‘: Double Mexr sandgtones which crof: od;
on the north shore at Lake Melvilh;e (K;-anck, 1953)‘( The sandstones
of the Bradore Formation together [Qith theg Forteau Fo\mtion have -been

termed the 'Labrador Series' by Sthuchert and Dunbar (1934).

'
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The Lower-Cambrian Forteau Formation is named after the village

where its type locality was described (Schuchert and Dunbar, 1934).
It is exposed on the highlands and down-faulted blocks can be found at
sea level, for example at L'Anse Amour. PFPong (1967) gave a good des-

cription of these rocks and divided them into three members which are

easily identifiable in the field.

The basal part consistsof thinly bedded brownish weathering
dolomite and dolomitic limestone (Fig. 2-14). Above this are
Archaeocyathid reefs which consist of' attached and fallen archaeocyathid
colonies, together with fossiliferous, clastic limestones (mostly red in
colour) . The reefs are best developed near the present coastline
(Fig. 2-16) with isolated knolls reaching up to 20 feet.

From an exposed thickness ;f 180 feet in the thesis area, the
Forteau Formation apparently thickens eastward with a reported thickness

of 386 feet in the highland of St. John (Schuchert and Dunbar 1934) and

700 feet in Canada Bay (Betz, 1939).

Faulting
Normal faults trend approximately northeast and cut both the

Bradore and the Forteau Formations. : One of the larger faults, named
the 'Blanc Sablon Fault' (Fig. 2-17, Appendix H) can be seeﬁ just south
of the hospital at.Lourdes du Blanc Sablon, with the downthrown side
to the north and vertical displacement of approximately 150 feet.
Faults at L'Anse Amour are downthrown to the south and as a result the
Forteau Formation now crops out near sea level. Numerous sﬁall dis-

-

placements. can be seen in the horizontally bedded strata, and can be

-




easily traced as lineaments on aerial photographs.

A large fault, named the 'Bradore Bay Fault' trends east-

northegst and can be observed in the northernmost part of Bradore Bay
where ft forms a distinct scarp. Cumming (1970) considered it to be
one of a Precambrian set of faults, It may have been contemporaneous
with Bradore sand deposition and exerted some control on the de-

position of Cambrian sediments.

Bradore Formation

- Name and Location

Schuchert and Dunbar (1934) named the Bradore Formation as part
of the Labrador Series and described the cliffs east of Bradore Bay
as the type area. —\

The sandstones in the thesis area form several tabular masses
separated from one another by narrow valleys, exposing denuded gneiss.
They are exposed along the coast, from west of the Quebec-Labrador

‘ “~border to West St. Modeste (Fig. 2-3) and dip gently (1-3 degrees)

~..
- -

sewgr& \t‘o\th\e\s outheast.
The Brador;\\f-‘Ema;_vi\on has been subdivided by the author into:-
(1) & Lower Member named the Blanc Sablon Member, which
includes a basal conglomerate, thin interbedded siltstone
and con‘glomeraf.ic beds, with overlying red arkoses, and
(2) an Uﬁper Member named the L'Anse ‘au Clalir Member, with 1
mainly quartzose sandstones and subarkoses,

The boundary between Ythe two members is transitional.
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Stratigraphic Thickness

!
The Bradore Formation thickens from 220 feet in its {ype area to

approximately 400 feet at Diable Bay. A comparable thickness of 300
to 400 feet has been reported from Belle Isle (Williams and Stevens,
~1969); the equivalent Cloud Mountain Formation of Caﬁada Bay has been
given as 585 feet (Betz, 1939) and an apparent maximm thickness of
2,000 feet is reveai;d in the islands east of Cape Bauld (Tuke, 1968).
The general geometry of the formation is a wedge of sandstone, thicken-
ing both east and north eastward (Fig. 2-4).

Outliers of sediments, possibly of Cambrian age, occur inland
beyond the ten miles average wi&th of the'main outcrop.  Some can be.
seen in aerial photegraphs to be associétéd with lineaments, assumed to )
“be faults, which bftng up sediments agaiﬂst basement. ‘The sedimentary
sequence was therefore probably preserved by being downthrown re&ative
to the Prec::.mbrian. Other occurencés are at Henley Harbour, St. Peter
. Islands and Table Head, all furthgr nortP along the Labrador coast
{Christie, 1951).7 No evidence was found to indicate a westward
tﬁickeﬁing wedge'and the outliers are likely to indicate the proximity

of the coastline during deposi‘t:lan.'f ) -

o Contact Relationship and Age

The lower boundary between the Bradore Formation and the crystalline
basement is sharp and best exposed southeast of Blanc Sablon (Fig. 2-9
and 10). Fossils have not been found at this level but however the

3

noteworthy relief on this contact surface indicates the Blanc Sablon

Member to be of Lower Cambrian age.
’ .
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The arkosic sandstones of the Blanc Sablon Member and the overlying

quartzose sandstones of the L'Anse au Clair Member show a transitional
boundary with no erosional break (Fig. 3-1b, Appendix G).

At Blanc Sablon (F:ig. 2-14) tﬁe ui:per .con.tact between the Bradore
sandstones and the overlying limestones is sharp and se“parated by a
thin band of conglomerate, possibly indicating a disconjformity, and ‘
marks a inor depositional break. Frequ;ently interbedded with the
conglomerate are lenses of fine grained, argillaceous sandstone |

(Fig. 3-23). The conglomerate was observed in a cliff face' directly

east of Blanc Sablon but appeared better cemented on the southern tip

of Schooner Cover. Elsewﬁere in the thesis area erosion and vegeta-
tion obscure the contact. On Belle 1sle a conformity or slight o ‘

disconformity has been reported between the Bradore and Forteau

©

/Formations (Williams, 1969), suggesting deposition of sands followed

by lime muds with probably little, if any, break for uplift and

erosion.

Blanc Sablon Member

Basal Conglomerate

The basal bed is a greyish: g;een, coarse conglomerate, with an
observed maximum thickness of 27 inches at Blanc Sablon .and a mean
thickness of 4 inches. The conglomerate consists mainly of pebbles
of quartzite with lesser granite, gneiss and chert. All are very
well rounded. The ground mass is grey in co‘liour and made up of 80
to 90 percent quartz, with smaller amounts of .;ffldspar, mica and

occasional magnetite, bound together by a siliceons cement. Feldspar

is predominantly orthoclase, varying up to one-haif inch in diameter;

/f-h\ .
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it often shows good rounding, although is frequently fractured along

its cleavages..

In one locality, just east and below the outer beacon indicator
at Blanc Sablon, the basal bed 1s a-loosely consolidated conglomerate,
dark rfd in colour due to secondarily formed ferric oxide. Magnetite
and hematite are both fai;ly abundant in the matrix. The pebbles are
mostly quartz and quartzfte, a number of which dispiay three faceted
surfaces (Fig. 2-12). They are slightly rounded and polished. The
surfaces are dull and slightly pitted. Distinct edges between ad-

jacent facets yun from the apex to near the basal face, on which facet

they become more rounded and smooth. -,
‘ 4

Origin of the Basal Conglomerate

h The almost flat and extensive pre-Bradore topography was probably
formed as a result of prolonged weathering and erosion in a marine
environment. Evidence of a strong reworking is given by the well
rounded quartz and the disintegrated feldspar. Under marine con-
ditions circulation of water during rock decay resulted to some extent
in leaching of the upper.parts of the granitergneiss complex.

. Formation of a 'pebble sheetf of material, resting on the bedrock
continued until waves and currents were unable to transport the |
larger particles. This may have been caused By land subsidence and
subsequent deeper water conditions, for a covefing of finer material
is present above the coarser pebblé-band. Ih a normal transgression

of sea over land the trend is for sediments to gradually decrease in

size on ascending the succession. However, minor regressions must




have occurred after the first deposition of sand to give repetitive
horizons of conglomeratic bands in the lower beds.

The faceted pebbles may be explained.- as wind abraded ventifacts or
dreikanters, which formed from individual piece; of rock, broken off
by'mechanical weathering, but too heavy to be transported by the wind.
Alternatively, a rectangular or rhombohedral ﬂattern in the source
ayea could have influenced the formation gf.faceted pebbles, although,
the ones observed did have rougp basal ;urfaces and considerable
rounding along their edges, (Fig. 2-12). )

The types of quartz and quartzitic pebbles found in the quartzo-
'feldspathic groundmass défnot indicate a definite source or environment
as 1lrregular deposition of both rounded, egg-shaped and fragmental,
angular peBbles has occurred.

A variable thickness of pebble sheet could possibly occur from
shifting of the actual weathering products before and during deposition.

*This could have been affected in some areas by aeolian, fluvial and
other continental transportation processes prior to transgression
which, together with the absence of finer materials may well imply

that the weathering gpavel was thicker than is now represented by the

basal conglomerate. . q

Arkosic Sandstones

The arkosig sandstones of this member are exposed throughout most
of the afb@hzi;h good sections observed on the eastern side of Bradore’
Bay, near the contact with the Precambrian basement, and in the coastal

o cliffs at Blamnc Sablon. ) .

s B




The arkosic sandstones are fine grained (Nentworth scale) im-
mediately above the?basal conglomerate (Fig. 2-11). One or two feet -
higher up the succession, gravel size layers occur and the size range
is more variable (Appendix D).

Arkosic sandstones containing abﬁhdant relatively fresh pink
feldspar grains are common, with frequent and extensive .thinly bedded
conélomerates. Intercalated with these conglomeratic bands but
relatively rare, are grey and greenish coloured siltstones, which
present the only abundant argillaceous material throughout the formation.
They are comprised of quartz and feidspar; together with muscovite,
sericite and frequently an abundance of kaolinite, The lower beds with
abundant cross stratification differ from the thjcker bedded, (i.e.
up to 4 ft) more-quartiose sandstones, higher up the succession.

The high concentration of relatively fresk feldspar in the beds
immediately Above thé basal conglomerate\lay be interpreted as being
derived from a proximé{ source or an iqdication of slight chemical

v

weathering, such as in éh,griﬂ environment. QuartzA rains, if wind
blown and in an arid climat;\uguld become well rounded.

The arkoses formwed during thg“tran;gression of the Cambrian sea by
the washing and sorting of the weathering products-which covered the—
lind surface. This resulted in a marked roundness of quartz grains
and thgilack of fine grained argillaceous material. A strong current

would not favour deposition of small sized grains, except where the

basal coarser materials have to some extent protected the lower parts

from extensive reworking to give thin siltstone beds.  The lqwe:Jggds’

were probably formed on an open shore, where waves could freely rd-

/
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“arrange: the weathering products. The rarity of clay minerals could also

be explained by assuming an arid environment in which they would quickly

be brak'en down into powder and winnowed away (Holmes, 1965).

-

e
L'Anse au Clair Member

Arkosic-Subarkosic Sandstones (Folk, 1968)

The sandstones gradually become generally less arkosic and with
less well developed cross stratification, (Fig. 3-1b, Appendix G).
This vertical transition from arkose to subarkose can be followed

in most places. Higher in the succession notable differences in-

clude an increase in }oundness, better sorting, and a decrease in
feldspar content. Probable worm burrows, common in the more arkosic
beds, are rare in this member.

The sandstones tend to be white, hard and frequently quartzitic,
{(Pig. 2-13), although lateral variations do occur. Locally between
L'Anse au Clair a.;1d Forteau, a fine grained, (Wentworth .scale) pink
arkose laterally passes into a white quartzitic sandstone. This
change can only be observed at this locality in the topmost bed, which
immediately underlies the Forteau Formation a;ld elsewhere the topmost
bed is consistently coarse grained. |

Quartz, both primary ahd secondary, is dominant. The latter may
be in such sbundance that pores are completely filled, forming amn inter-
locking texture. Feldspar is almost totaily microcline. Glauconite

is present mostly in the topmost bed immediately below the Forteau

—

Formation, together with small quantities of chlorite and accessory

minerals.




In several localities a calcareous and/or dolomitic cement is

present in the sandstones. Its restricted occurrence in the beds
immediately below the Forteau Formation suggests it formed by per-

colating water from stratigraphically higher limestones.

Origin and Formation ]

There are several 'probablsa explanations for the veIA'tical and’
lateral changes in lithology:- a different source area OT a more
protected part of the shhore could well account for lateral change;
a transgression may cause vertical gradation.

Beds of unliform _t[iic’kness (1-4 ft), with littAl'e variation in
grain siaze (Appendix D’;S, suggest that currents did not undergo
strong changes charact{eristic of many open shore regioné. Uniform
sandstone thickness and extensive distribution (from 220 ft at
Bradore to 300{400 ft on Belle Isle) could be due to a pre-Cambrian
la.m; surface which was strongly denuded, forming a flat peneplane
with localised thickness and lithological variations caused by
nondeposition, relatively Aexcessive deposition or erosion and
reworking,

The relative lack of feldspar (less ‘than 10Z) in the sandstones
compared to the lower beds could indicate prolonged themical
weathering and erosigon,; or,winnowing by currents, Depesition
during this current activity as indicated by crdss stratific,ﬁ__}tion
would result in the majority of feldspar bei "g broken down and
washed away, so that the low proportion of microcline perhaps gives

little indidation of the feldspar conter;ot of the provenance,

/




The composition and lithological changes in these higher beds

from the Lower Member, together with less abundant worm burrows
would appéar to indicate deposition at slight depth but mainly

below the littoral zone.

Ichnofossils

Little is preserved of organic life from depositional times.
Numerous. vertical cylindrical or pipe-like structures in the sand-
stones (Fig. 4-17 & 19) have been referred to by many authors as

the trace fossils, Skolithos linearis (Schuchert and Dunbar, 1934).

Hallam and Swett (1966) in describing trace fossils from the lower
Cambni;n Pipe Ro;}c in the north-west Highlands of Scotland
intéi—ﬁ?é{/:iglar sediment plugged tubes as being attributable to
suspension-feeding (or possibly deposit-feeding) orgahisms. Other

writers have made modern analogies and also inferred them to be -

worm or phoronid burrows (Richter, 1927) although the structure.

gives no proof of organic origin (see Chapter IV).

The trace fossil Scolithus errans was observed, preserved in

s abundance on bedding planes, in, the uppermost beds of the Bradore

Format:ion at Lourdes du Blanc Sablon (Fig. 4-20),




Figure 2-7. Precambrian granitic gneiss displaying
(P. 24) foliation and boudinage, Blanc Sablon.

Figure 2-8, Steep eastward dipping foliation of Pre-
P.24) cambrian schists and gneisses, Bradore Bay.
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Figure 2-9 The Bradore Formation overlying the Pre-
(P.31) cambrian basement (foreground) with uncon-
formable contact at Blanc Sablon.

il‘:'--s'-f?‘-—" —— = . T i -

Figure 2-10 Unconformable contact between basal con-
r. 31) glomerate and underlying Precambrian gneiss.
Blanc Sablon.
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Figure 2-11.
(P. 36)
Basal conglomerate of
the Bradore Formation
overlain by fine
grained, weathered
sandstones, siltstones
and conglomerates.
Blanc Sablon.

||||ni]|r|r!|||||||||||||||_n|||||||u||uu|in|||u||nn|nn|n||||||||un|nn|nn|m.9,l
0 st 7T 8 g

Figufe 2-12, Faceted pebbles from the basal con-
(P.35 ) glomerate at Blanc Sablon.



Figure 2-13, White coloured, hard quartzose sandstone of

(P. 37) the topmost bed in the Bradore Formation.
Cross stratification can be seen in the
block in the foreground,. Overlying this
thick resistant bed, the Forteau Formation
is poorly exposed due to undergrowth.
L'Anse au Clair,

Figure 2-14 (a) Disconformable contact between the
P.33) Forteau Formation and the underlying Bradore
Formation, exposed at Blanc Sablon,
(b) Note the basal dolomitic beds of the
Forteau Formation.
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Figure 2-15 Rectangular jointing pattern exposed in the
lower Forteau Formation at Point Amour
Lighthouse.

Figure 2-16 Archaeocyathid reef exposed at Point Light-
(P.28)

house. Note transition to thinner bedded

shales and limestones at base and sides
of reef.



' CHAPTER III

PETROLOGY OF THE BRADORE FORMATION ———— BN

Sampling and Procedure

Rock samples were taken throughout the Formation and their
stratigraphic locations are shown in Figures 3-la and 3-1b (Appendix G)
Fifty thin sections were cut and studied petrographically in order to
determine both vertical and lateral changes in lithology. Analysis
of cc;mposition was made by traversing across a slid_e and gomting
1,000 points on an automated point counter at.certain int‘ervals.
These were determined in <;rder to take into account as much of the
slide as possible. Size measurements were determined for 100 grains
from each slide. For each gr_ai.n the largest diameter (the 'A! -
diameter) and the maximum diametef perpendicular to this (the 'B' -
diameter) were noted. Measurements taken were established into
reasonable groups to facilitate subsequent evaluation. Conversions -
to the phi scale were made in ordef that comparisons with standardised
models could be made,

Fifty randomly quaﬁz grains wel-'e stu;iied in each thin
section for de,éminafion of roundness. A similar number were tgsed
in the determination of quartz composition. A final depositional
and diagenetic interpretation was based both on visual observation
and comparison of table and graphic characteristics to standard‘ised
models. " | |
- : .

Plagioclase visually appeared to be absent and was subse_d;uently
proven so by a feldspar staining technique,' based upon the method

described by Bailey and Stevens (1960). The test was therefore only

completed on three samples, two from the basal beds and one from the
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topmost bed of the Bradore Formation, All proved to be negative.

The identification of clay minerals was made by X-ray diffraction
on two samples. One from the topmost bed (20/50S5) to prove the
presence of glauton;te, which is difficult to differentiate from
chlorite under the petrological microscope. The other came from .
the basal beds (15/437) and was-taken for specific identification.
Each sample was-crushed and put into suspension with distilled w;ter.
Fractions were theén pipetted onto glass slides and air dried to give
orientated aggregates, In drying, particles settle down in a pre-

ferred orientation to give better instrument readings.

Mineralogy

The dominance of quartz (Table 3-1, Appendix D} is due to the
source material for the Bradore Formation being derived from the base-
ment complex of granite and granitic gneiss, Feldspar is second in

abundance and occasionally predominates over quartz. The most common

-
-

form of fe1d§par'occurring in these pink arkoses is microcline.

6ther minerals present can be classed as accessory coﬁpqnents,
with the exception of secondary dolomite and calcite, which occur in
the topmost beds. Accessory minerals may be significant in the

determination of their place of origin.
Quartz - -

.Methodologx
Blatt and Chr?stie (1963, pp. 560~564) in their review of quart:z

: ”»
classifications concluded that to subdivide undulatory quartz,on the

basis of noting extinction by the angle of rotation on a flat microscopic

/
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stage, is insignificant in that it only gives a two dimensional

extinction; three dimensional extinction can only be determined on a
universal stage, In this investigation their classification of three
basic types was used:

1. Non-undulatory quartz in which the crystal goes into

extinction upon very slight rotation of a flat microscopic
stage,

é. Undulatory quartz, where the-grain shows variation of either

extinction angle or interference colour,

3. Polycrystalline quartz, which consists of more than one

quartz crystal unit, with different optical orientations.

S~ R .
Observations .

The location of samples taken throughout thé Bradore Fermation is
sfown in‘Figure 3-1b (Appendix )., The quartz content of all sémples
taken averaged 77.5 percent. For the topmost bed, immediately umnder-
lying the limestone sequence, the average percentage of non;;ndulatory
quartz in the total quartz:.is 80 percent compared to 53.8 pe;cent for
samples taken throughout the vertical stratigraphic succession
(Table 3-2, Appendix D). These values appear unduly high (c¢f. Blatt
and Christie, 1963, page 569) and may be due to the difficulty in
distinguishing differencés in interference tint, when the twg axes
c and c' have the same trend in thin section but différent angles of
plunge. A trend can be observed in Figure 3-3, where the basal bids
of the Lower Member have a higher percentage of ‘efhdulatory quartz

which is reversed higher up the succession where a greater amount of

non-undulatory quartz is present,

\
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The following comparison of the topmost quartzitic sandstqng”of“

the Bradore Formation and the orthoquartzites of the Potsdgm sandstone
of New York (Blatt and Christie, 1963, page 577) can be made on the
basis of percentage of quartz types:

Sandstone Non-undulatory Undulatory Polycrystalline quartz

Potsdam 80.0 19.0 1.0
Bradore 80.3 19.0 0.7 percent
Inclusions of feldspar, apatite and other accessory minerals were

observed in some of the quartz grains of the Bradore Formation. S

Interpretation

Folk (1956) and Potter and Pryor (1961) concluded that chert and
polycrystalline quaftz are rare in or;hqquartzites. This is true of
the sandstones examined in the present study. Blatt and Christie
(1963) observed a relationship between polycrystalline and non-
undulatory quartz and stated that with an increase in 'niﬁeralogic
maturity', polycrystalline grains are more readily eliminated than
monocrystalline grains. -

Blatt and Christie (1963) refer to the differences in stability
of the three types of quartz grains and observe that they may be
correlated with the amount and type of transport the grains have umder-
gone, or the number of sedimentary cycles through which they have
passed. The nineralogic and textural maturity of the quartzites from
the Bradore Formation, derived from the immediate underlying Precambrian
basement, therefore suggest that probably more than one cycle has occurréd

for the Bradore sandstones. The more likely altermative is that pro-

longed traﬁsport andfor washinghhas taken place.




.
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Conolly (1965), studying quartz types in sandstoiies, observed
that with a decrease in grain size there is a cqrresponding decrease
in,polycf&stalline quartz content. V-When this is low the amount of
undulatory quartz also tends to be low. Both these facts agfee with
the present s:zd;. tie ;tates that sandstones nea; the base of a
successioﬁ have percentage compositions of gquartz types that approxi-
mate the source rocks and acknowledges the fact that post deformational

—
effects can influence formation of undulatory quartz, He concludes
that to determine origin and transportation mode, a knowledge of the
constituent quartz types is necessaty.

In the case of the Bradore sandstones the underlying complex, with
its deformifional history, contains a high proportion of undulatory
quartz. Kgéuming that the Bfadore Formation has not undergone any’
deformation which could affect quartz type, the tobmost, thick bedded
sandstones axe more mature than the underlying sandstones. Both the
fine graih size in these beds and the dominance of non-undulatory
quartz indicate tﬁéir probable depositional environment. It seems
fair to concludé that either the length of time during which trans-
portation occurred has increased or a more vigorous environment was

.

present, or a combination of both,

~

FeldsRar_

Detrital feldspar is common in the sandstones throughout the
formation and both visual absence of plagioclase and subsequent

analysis by staining reveal this to be all K-feldspar (orthocl§se'and

. )

microcline). The abundance of feldspar in this basement complex

’
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results in a high feldspar content in the lower parts of the Bradore

sandstones. The unusual high feldspar content (17.35%) in the topmost
bed of the Upper Member (Table 3- 1, Appendix D) either signifies a ]
different source area or probably sand deposition under fairly

quiescent conditions (Re Origin of Quartzose Sandstones, page 38 ).

Mica, Chlorite and Clay Minerals’

Detrital grains_of muscovite aﬁd chlorite, were observed in the
sandstones as minor constituents .(Figure-3-19) An exception was
observed in the basg] beds where the feldspars appear to have been
kaolinised ang muscovitised,

-

Two fractmns from a basal sample were taken; one was heated at
550°c. for one hour and the other was treated with ethylene glycol
vapour for twelve hours at 60°, Diffraction patterns were run and
revealed both strong 7 and 10 A peaks,v With heat treatment, it could
be seen that the 7 A peak ‘had collapsed with no subsequent formation of
a 14 A peak. This was identified as kaolinjite (Molloy and Kerr, 1961} .
The 10 A peak appeared unaffected and supported petrologlcal observation
of the abundance of micaceous material, No change was observed with
the glycolated sample.

A sample from the topmost bed gave a strong basal reflection at 10
angstroms (A) typlcal of glauconite and micaceous material . Very
dittle of the latter was observed petrologically in this sample and
thus the 10 A peak is unllkely to be that of the illite gTroup. Green
coloured pellets were 1n1t1ally presumed to be glauconite and the above

data supports this. Heat treatment was applied for one hour at a

7
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temperature of 550°C. and the sample was rerun. The results showed no

change either in Intensity or movement of the 10 A peak. The intro-

duction of‘ a 14 A peak, with a disintegration of a former 7 A peak, was

identified as chlorite. .

Accessory Minerals

Small amount of tourmaline, epidote and rutile are present in
the sandstones. The subhedral form and occurrence of rutile suggests

that it may be authigenic as well as detrital. One of the basal

Rt

samples (15/435, Table 3-1., Appendix D) contained abundant reddish -
brown coloured meedles of rutile (Fig;re 3-20), together with opaque
minerals and was probably formed during diagenesis. Apatite and
zircon occur frequently as inclusions in quartz 'grains.
Zolsite was notably common in one sample comprising approximately
S percent, and was probgbly derived -from crystalline schists or from
saussuritization of lime soda feldspars (Milner, 1962). |
Opaque minerals which occur throughout the sequence were identified
as mostly magnetite and hematite. Oxidation of the latter is the likely
cause of the red colour staining which is aﬁundant in these sandstones.
Calcdite and dolomite are present in the topmost bed as pore filling
- replacement cement of post depositional origin. In thin section both
appear relatively pure.
Textural Analyéis of Sands.t.ones
| Analysis of Size Parameters
Cumulative curves were constructed using the percentage values
obtained from the measuring and grouping of the maximum 'A' diameters of

the quartz grains (Figs. 3-4 a-f). The curves are mostly normal indi-

catiﬂg a unimodal size distribution from which various parameters can be




calculated. Frequently complicated variations arise in the form of

bimodal distxlibdtion (Fig. 3-4a) where a coarser fraction i~5 present.
This could be caused by a slight increase in tranSportavtion power and
subsequent deposition of a coarser layer of material. However, if
both modes were homogenous, rearrangement of material during deposition
could not have been completed, othlerwise a constant supply of coarser
grains was present, If in _close proximity to a shore line, the
coarser material could be fairly evenly washed out into deeper water

under certain conditions (Hadding, 1929, p.13).. Deposition of coarse

together with finer sand grains coyld be caused by the latter being
carried by the larger grains or dragged along in their wake (Ibid).
The medium diameter differs consfderably from the graphic mean
for most samples (Table 3-3, Appendix D). Folk and Ward (1957)
suggest that the median should be ignored as it is only deduced }mm
one specific point on a cumulative curve; therefore, in this study N
graphic mean is used in the plotting of scatter diagrams.
' The rbasal beds of the Lower Member are of largér grain size thaxll
those higher up the succession; a vertical profile can be seen in
Figure 3-5a, and tabulation of data in Table 3-3, Appen&ix D. This
trend is significant of a transgression wifh maturity increasing on
going up the succession; , the upper beds were thus deposited further
away from the source area. | ) : N
The average graphic mean for all thin sections measured was
0.6931 @ which is classified a§ coarse sand on the WNentworth scale.

The topmost bed has an average of 0,9979 ¢ which can almost be termed

)




medium sind, and samples taken throughout the vertical succession

(Fig. 3-1b, Appendix G) have an avérage of 0,3881 @, much coarser sand.
Indi?idml samples range from -0.8667 @ (very coarse sand) to 2,2167 @
(fine sand). ’ |
Along the coast section the sandstones in the topmost bed show a
vague.decrease in size toward the east (["-:ig. 3-6c) which is probably
again related to distance from source; current studies and subsequent
detc.ermination of vectors tend to support this relationship. Size.
values become more meaningful “for subsequent interpretation when
utilised for construction of scatter plots against other parameters.

Comparison of minimum and maximum grain diameters was not made as it

is thought to be'of little significance,

[

Formulae used are listed in Appendix C.

Standard Deviation

Folk and Ward (1957) suggested that their formula for inclusive
standard déviétion gives a more accurate overall picture of sorting.
The scale f# this ranges from under 0.35 (very well sorted) to over
4,00 (extremel}; poorly sorted). Using th.is classification, the
Bra'.do;e.sandstones are cli’assified as moderately sorted with a mean value
of 0.&636 and the topmost bed (0.5246) is better sorted (Fig. 3-22)
than samples taken from throughout the vertical strat'igraphic- $uccession
(Fig. 3-1b, Appendix G) which give a value of 0.8025. Vertical and .
lateral trends can be seen in figures 3-5b and 3--6b. Better sorting

and less variability occurs from west to east whereas vertically,

" basal beds formed at the commencement of the transgression, are fairly

N
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well sorted but give way to poorer sorted, intermittent periods of

deposition. These in turn give way to slightly better sorted

~

material higher up the succession,

Mean Size versus Standard Deviation

Folk and Ward (1957) state that scatter bands often develop some
part of an M shaped trend. Best sorting occurs in the topmost bed
(fig. 3-7) with a minimum of best sorting which coincides with the
prominent mode, This occurs at approximately 1 § and a possible
secondary mode at 0 §. Samples from the vertical section reveal two
more distinctivemodes: a coarse one at -0¢30 §, and a finer one at . - ‘
1,30 9. "W!l;re the two become mixed thé sorting detertorates and
highest deviation values of over 1,00 are recorded. ‘

A vague suggestion of a t\hird, much finer mode, for the topmost
bed may be present at 2.4 @,
Skewness
sting Folk and Ward's derivation and expansion of Inman's
measures of skewness, a normal curve has a value of 1.00 and absolute
limits of. the scale become -1.00 to #1.00. If positively skewed the
sample is imbaia.ﬁced with the presence of excess fine material and
vice versa when negatively skewed.

The mean value for the Bradore sandstones ‘is -0.10, making them
nearly symuetrical in size distribution. No significant trend can be
seen either throughout the vertical succession or in the topmost bed

(Fig. 3-5¢). Laterally there is a trend in the sandstones to become

more positively skewed going from southwest to northeast (Pig. 3-6a).




Mean Size versus Skéwness

The majority /f the samples from the topmost bed provide a normal
curve (Fig. 3-9a and 3-9b), with a few exceptions of negative skewness
resulting from the presencé of a coarser fraction. The vertical
'sequence gives a more random distribution due to a larger quanity of
coarser material being present. No defini\ﬁg trend can be observed

" in the latter.

Standard Deviation versus Skewness

The topmost bed can again be differemtiated from the vertical
succession by means of the scatter diagram (Fig. 3-10). Samples from
the former tend to accumulate round the normal curve line for skewness
(i.e. 0,00) and have the best s'cirtiﬁg. Samples taken throughout the
vertical succession of the Brarflore Formation reveal a more dispersed .

grain size distribution which is slightly negatively skewed.

Kurtosis
The distribution of graphic kurtosis values is nearly normal, with

a mean of 1.047 (correspondipg to K _, = 0.511), The range of values

gl
is from 0.800 to 1.401, with approximately equal frequrcies of

platykurtic and leptokurtic samples.

Standard Deviation versus Kurtosis

Scatter points tend to cluster around the normal curve value for

kurtosis (i.e. 1.00) and the only differentiation is again based on

sorting (Fig. 3-11).




Skewness versus Kurtosis

The majority of samples, taken from both the vertical sequence
and laterally along the topmost bed, form scatter points which fall
within the limits of a normal. curve (Figs. 3-.1‘23 and 3-12b).
Therefore, they have symmeérical distribution and can be seen to be

slightly negatively skewed.

Methods of Moments

A more exact method of obtaining statistical parameters is thé
computational method of momen'ts, in E&hid\ results are affected by the
distribution over every part of the Tcumulati,ve’ frequency curve and not
just by specific ranges taken betweén certain points. Determination
of these was carried out by the setéing up of 1 phi classes and com~
puting moments on the basis of Grifﬁth'; procedure (1967) as shown in.
Figure 3-13, LValues were then lis'éfe‘d.(’l'able 3-;, Appendix D)t and

-

plotted as a check on graphic paraméter diagrams.

Fo¥m of Grains
Roundness '

Grain shape in thin section wa.IF conpar_ed visually to standard
photpographic charts by Powers (196$. This procedure was preferred to
Krumbein's (1941) because of its quickness and s@qplic‘ity. A perfect
sphere has a value of 1.0, with moq‘t sand grains ﬁéving roundness
values of 0.3 to 0.4, Disadvérltaies invthe method includé personal

prejudice and determination of the:orig'inal grain boundary if

authigenic material is present.
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Results were listed (Table 3-4, Appendix D) and plotted as a

scatter diagram of roundness versus mean diameter (Fig. 3-14). A
rando'm distribution is observed from which the topmost bed can be
differentiated from the vertical section by its higher roundess
values, In Figure 3-3b, showing distribution of roundess i'n
vertical profile, the trend is for the grains to become more rounded

on going up the succession.

Sghericitx

Two axes were selected for measuring sphericity in thin section;
the maximum diameter, the a-diameter and the largest diameter at right |
angtles to this, the b-axis, Sphericity was then expressed as a ratio
of t‘.hese, that is b/a (Griffiths, 1967). A value of over 0.7’5 would
therefore give a very equant grain and below 0.60 a very elongated grain
(Folk, 1968)., \Using this, the Bra;iofe sandstogrés ;rg of the inter-
mediate type with a b/a value of 0.6906,

When plbtted against mean diamefer (Fig. 3-15) the grains in the
topmost bed are more equant tilan those in the vertical section, The
vertical trend can be seen in Figure 3-3a, where the values of
sphericity increase on going up the succession, with "the exception of
a sample from the basal beds, Its sphericity value of 0.7+ probably
signifies local deposition of a less forceful nature during the trans-
gression.

In the scatter diagrams (Figs, 3-16a and 3-16b) of long versus
short axes, a linear trend camn be inter;ireted to be the mean ratio of

the two axes in the sandstones, that is b:a equals 1,0:1.8.-

Y
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Sphericity versus Roundness

A scatter diagram of readings from the vertical successionl
restlts in a cluster of high sphericity to high roundness values., A .
few valué plots only give poor roundiﬁg with high sphericity, A
liné;r trénd indicates that with an increase in Spher?city there is a
cofresponding increase in roundness but as sphericity shows less
environmental sensitivity thanJroundness these rates of ificrease are
not the same. N )

Matrix and Cement N

Little' matrix is present (T;ble 3-1, Appendix D) in the majority

- X ’ -
of the sandstones. Where alteration of the feldspars has been so
. .
\ :
intense that the original grain boundary is indistinguishable, the

+

material has been classified as matrix. An unresolvable mixture of

quartz and feldspar copprises the matrix and is frequentlf stained by
hematite. | ‘

The sample (15/437) from the basal beds shows mineral alteration
to form matrix which comprises 33 percent of the total composition.
The flakes of muscovite, sericite and kaolinite bend found the quart:z
grains and ﬁenerally tend to parallel the bedding.

Glauconite, chlorite and aécessory minerals of zircon, rutile and
tourmaline can be found in the matrix in small quantities,

The cement consists of quartz and/or iron oxide, Silica cement
occurs as secondary growth on the quartz grains (Fig. 3-17) and

occasionally as fine crystalline matrix between them. Sutured contacts,

between quartz grains in some samples suggest that this secondary




growth has béen accompanied by solution.. The original grain boundary

is sometimes difficult to distinguish but is frequently defined by
hematite-limonite coating and/or inclusions in the primary grain, No
1

secondary enlargement was seen that occurred prior to deposition

"suggesting the quart:z to bé of first cycle.

Limonite and hematite cement occur on the surface of the grains
and in:éﬁres. Their origin is most probably by deposition from water
solution, as very little autochtonous iron rich minerals are present.

An exception occurs in the basal beds where small quantities of mafic
minerals could well decompose to give cement. - Frequently red coloured,;
localised iron staining results in the formation o% laminations and
bahaing of variable thickness and number, At other times it can be
'uniformly located throughout the s;ndstones énd is one of the causes

of the red colouration, typical of the Bradore arkoses.

Colour' in the Bradore sandstones depends upon the. presence o*
absence of feldSpar and iron oxide,. If both are absent tbe sandstones
are much purer and tend to be white in colour. The green colour of
some og‘the basal beds iS“derived_frpm chlorite an& kaolinite, whereas_
higher up the succession glaucén}te and chlorite give the rocks a '
greenish tint, uniess masked by the red colour of feldspar and ferric
oxide. - ‘ ' ’ : .

Diagenesis
The most noticeable effegt of diagenesis is the formatiqq of

7
cement. Leaching, that is the removal of salts, and compaction

occurred after deposition, ercolation of water from the overlying

El




Forteau Formation resultgd in the secondary deposition of calcite
and dolomite in some parts of the uppermost san&stone beds of the
L'Anse au Clair Member, (Fig. 3-18).

The sandstones have undergone only shallow burial with diagenetic
reactions occurring at low ﬁfessﬁres evidenced by lack of deformation
and litéle interpenetration of quartz grains. Develgppment of
authigenic quartz as secondary rims on degrital grains occurs’ and
together'with the primary quartz is not replaced by carbonate except
.in the topmost beds.

Authigenic quért; is common, This is identified by a nucleus
with inclusions or haﬁing been altered and so contrastinglwith.unclouded
secondary overgrowths. Secon&ary feldsbar is a low temperature product
(Pettijohn, 1957) and ip the Bradore sandstones is probably of con-
temporaneous, po;t consolidation origin. The environment of formation
for such second;ry feldspar is most probably marihe'(Ibid).

n




Figure 3-17 Photomicrograph, Sandstone with secondary

(P.59 ) quartz showing well rounding of the grains
prior to secondary deposition, Transmitted
plane polarised 1light, x 10. Sample No.

15/4310 (re Fig. 3-24, Appendix G).

Figure 3-18 Photomicrograph, Calcitefgdolomite cement in

P.61) uppermost sandstone beds, Well rounded
quartz grains with authigenic feldspar.
Transmitted polarised light, x 10, Sample
No., 15/411 (re Fig. 3-la, Appendix G),
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Figure 3-19
(P. 51)

Photomicrograph Concertina shaped muscovite
accompanying abundant matrix and undulatory
quartz from the basal beds, Transmitted
polarised 1light, x 10, Sample No. 15/437
(re Fig. 3-1b, Appendix G).

Figure 3-20 Photomicrograph Rutile and opaque minerals of

(P. 52)

magnetite, hematite, and limonite from the
basal beds. Transmitted non polarised 1light,
x 10, Sample No. 15/435 (re Fig. 3-1b,
Appendix G],




Figure 3-21 Photomicrograph,coarse conglomerate from the

(P.33 ) basal beds showing subrounded grains and poor
sorting. Transmitted polarised light x 1.
Sample No. 15/4310 (re Fig. 3-1b, Appendix G).

.
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Figure 3-22 Photomicrograph, well sorted, fine grained
(P.sgq ) sandstone from the topmost bed with a relative
high amount of feldspar. Transmitted non
polarised light. Sample No. 20/5113 (re
Fig. 3-1b, Appendix G).




Figure 3-23

(P. 33

)

Photomicrograph x 10 showing contact between
the coarse interlocking texture of the top-
most bed of the Bradore Formation and a
lense of fine grained argillaceous sandstone.
The contact marks the Bradore/Forteau For-
mation boundary located on the southern tip
of Schooner Cove.
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CHAPTER IV

SEDIMENTARY STRUCTURES

Introduction
Exposure along the coast’ and to a lesser extent inland, provides
casy observation of primary, secondary and organic structures, The
primary dip of the parallel-bedded sandstones was probably near
horizontal and has been very little affected by tectonism to give
gentle 'slopes of less than three degrees.
Sedimentary structures noted include cross-stratification, con-

temporaneous folding, rain drop impressioné 'q,m_i probleﬁxatical

markings. Trace fossils provide evidence of organic activity.

Primary Sedimentary Structures

Cross Stratification

Methodologx

The following two types of cross-stratification (McKee and Weir,
1953) occur in the thesis area.

1. Trough shaped units with curved basal contacts,

2. Tai:ular bodies with planar contacts (Fig. 4-3).

The azimuth of the long axis of trough cross bedding (i.e.
parallel to ab) ;vas measured and the current direction as indicated
by the curvature (concave downcurrent), was noted (Fig. 4-4). Four
hundred and eighty-eight readings were taken a:}d plotted as sub areas
(Fig..4-l) in which measures of central tendency were calculated as

the midpoint of a modal class and ‘also {as the vector mean (Appendix C),

\
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Maximum dip and azimuth of foresets of tabular and l‘ar’ge scale
trough cross bedding were plotted on a Schmildt stereonet (Fig. 4-2) as
poles to bédding. The result is a partial small circle from which
the a and b directions can be estimated.

Readings on small scale cross stratification were taken mainly |
from basal beds of the Bradore Formation where the structures are
exposed in planview on many bedding surfaces, whilst those of larger--
scale trough bedding and tabular cross bedding were takgn througho@t
the vertical sequence,

Descrigt'ﬂon

The mean thickness of the cross stratified units is 15 inches and

can be termed as thinly cross bedded (McKee and Weir, 1953). There
are frequent thicker cross bedded units, up to 4 feet in thickness; and
also thinmer cross bedded strata of about 2 inches. The average
length of the cross strata is 38 inches, of medium scale and the mean
thickness of individual strata is 1} inches, termed as flaggy by

McKee and Weir (1953).

Interpretation

Combining all 488 field measurements on a ros;e dia‘gram reveals
three modes (Figure 4-1), Tanner (1959) states that mod#l vectors are
more significant than vector sWuse of the separation of individuat
directions, Differences between the two can be seen in Figure 4-1
where the modal vectors provide a more explicit picture,

The polymodal nature of the trough beds gives mo_dal vectors of

075°, 105°, and 125°, rwhereas the vector mean is 101°36'. No.

~
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The maximum dip and the azimuth of foresets
of tabular and large scale trough cross
bedding when plotted give a partial small
circle. From this the t'a' and 'b' directions
can be determined.The readings were taken
throughout the Bradore Formation,whenever

a 3—-dimensional view of cross stratification
was avallable.
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measurements were obtained in the arc 210° to 020°, De\/,eiation from

‘/’
the vector mean is small, 7.1 (Appendix C). ;
’ i

K

It is clear that the modal vectors reveal paleo- cm’rrent directions

which are generally pargllel and oblique to the prese?t coastline.
Interpretatxon of some p\otted vectors reveals a blm’fdal plcture,
suggestive of tidal currer\ts. The overall pattern Jhows easterly
currents which appear to re§ult from a southerly c‘irrent much affected
by long shore dr1ft from the\\wegt Comparison o¢ the vector means
reveals a more southerly current direction around/ Lourdes du Blanc
Sablon than or Ile au Bois. All along the preiint coastline there is
a trgnd.for the preserved currént readings to I}Lnd to the east and

!
even to the north east as can be observed at Dﬁable Bay (Fig. 4-1).

The 141 poles to beddmg of tabular and large scale trough cross '//
bedd}ng (Fig. 4-3) give a current azimuth dxjectmn of approxmately
120° with considerable vanab111ty, but gen?’ral indication is that
large scale current structures are derived ErO}n a more northerly
source than the smaller trough cross beds [n Figure 4-5. The reason
may be that larger structures are more st#‘ble, whereas longshore,
drift and local tidal currents would have/; greatly influenced the

formation of the smaller trough cross begﬁs.

Ripple-Drift Cross-ljamina'tion

An exposure south east of Blanc Saglon 'shows a good npple CToss-

lamination (Fig. 4-6) (type A of Jop11 g and Walker.1968) with pre-

servation on the lee side only. Acco ‘ding to Jopling and Walker,

type A structures indicate a low suspeLsion/traction ratio, traction
i .
as being dominant: i

!
/




Ripple Marks

J :
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ibs ervatiogs
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Longitudinal ripple marks or sand ribbons were found at two

|
|
rocalities east of L¥Anse au Clair, The ribbons were symmetrical,

klth an approximate traceable length of 8 feet and a width of 1 'inch,

he1 gene&‘al ﬂneal direction was 050° arallel to the long axis of
P

h tl/ough c}’oss bed situated along51de (Figs. 4-7). A few were

slxﬁhtly 7onvex to the south,

»

Interpregation

Th/é/se unipolar structures are known from tidal flats and shallow
:tseas,. ! Allen (A_1968)~'meqntions them as occurriné parallel to the‘ fiow,
Nhere sediment_ is deposited over a flat substratu.bn, hard or coa;rse
prough to resist denudation under the prevailing conditions.‘

Kenyon (1970) described sand ribbons of greater magnitude in

Furopean tidal seas. He states that they are unlikely to be commonly

preserved as they are only transitory bed features, dependent on sand
upply and eventually replaced by other bed forms. As regards the
robable environment, Kenyon states,

! 'If preserved, then one might expect them in basal conglomerates
\x "of transgressive seas cveriieneadt

\

{

t

The only other observation of ripple structures was near L'Anse

ur, where oscillation ripple marks had been preserved in the Upper,,

Forteau Formatlon (Pig. 4-25),




Lamination | <;
- X \

Description and Interpretation

The presence of a veneer of iron oxide/limonite on thé‘surface
Vo7

of the grains, together with a concentration of dark mfhé}als, pro-
bably accounts for the formation éf lamination in the Béadére sandstones
(Fig. 4-8). Otvos (1966) cites these two reasons, plus the presence
of bituminous particles and concentration of frosted qua%t; grains,
for the formation of parallel to sub-parallel lamination in sandstones
deposited in low energy environments with little foreset lamiﬁation.

Neither bitumen nor frasted grains were observed in the. Bradore sand-

stones.

Frequently cross lamination forms web-like structures and these

.

could be explaine@/by Otvos (Ibid) who states;
'This outlinﬁs the flat, slightly hummocky bottom, microtopography ~
of the ancient sedimentéry basin',

Basal beds /of the Bradore Formatibn, both in the field and in

!

thin section, display inclined laminse of heavy mineral concentration.

'

This phenomenoh is one of the diagnostic characters of foreshore beach
deposits (Otvbs, 1966) .

Graded bedding and possible rill marks were other depositional

J

features which were observed in the area. Channels in sandstones

provide for erosional current structures.




- Vertical worm burrows were the only other structures present.

Secondary Sedimentary Features

Colouration
Pt ~
Descr12t1on

Colouration, besides that due to the presence of orthoclase

feldspar, occurs throughout the succession. The colouration is re-

presented in a veneer of limonite and hematite on the surface of the

 grains, as observed under a petrological microscope, and varies from

very light to deep red.  Frequently a false type of cross lamination,
comprised Af alternating coloured laminae, occurs and is caused by

b B
differential, weathering -of the colouration, *

)

Interpretation

Bleaching of,the red/pink laminae is the probable cause for the
presence of colouration. Otvos (1966) accounts for a similar
phenomenon by suggesting an arid ehviroﬁ&ent in the basal layers.
Colouration occurrence as a veneer sugéests a secondary depositional
process, whereas the presence of cross lamihae'infers preconsolidation.

Examples of Specific Colomration Features

An example of colour and differential cementation occurs in

S ] .
Figur%%4—11 which displays sharp crested anticlines and wider to

* box shabéd synclines, The structure was observed in a cliff face,

exposed to the east of L'Anse au Clair, where no deformation had occurred.

v

As no load deformation has occurred contemporaneously with’

sedimentation, the structure is demonstrdb;y caused through

differential cementation, Irregular distribution of pressure, lateral

interstratal flow or. the expulsion of pore water could account for -




the shape of the colouring, as limonite and hematite are differentially
deposited. A similar expianaiion has been given by Migliorini (1950)
for the formation of convolute lamination in which the upward expulsion
of contained pore water drags the laminations in to peakéd upwellings.
Figure 4-9 provides an example of interstratal current erosion.
Here the foreset irOSS laminae display alternate colouring, which is
seemingly trunoat;d by a strongly curved lamination. If current
action were the cau;e, the laminations would be convex upcurrent, as
the outer edges of an unconsolidated bed are least resistant to a
flow diréction from left to right. Accompanyi;g cross lamination

i

reveals a sSuth-east direction, in agreement with the above hypothesis.

Soft Sediment Folding

Description

Local deformation in sandstone was observed east of L'Anse au
Clair (Fig. 4-10), and was confined to a particular bed with a very
low angle of dip. - No deformation occurs in the neighbouring beds

either above or below and no faulting was observed on any scale.

Azimuths denoting the strike of the folds were determined to be

075° and 115°.
The actual layer of deformation maintains a constant thickness.
The internal folds dié?out laterally, being flattened against both

the top and bottom of the bed, where they are most intricate,

4 ]




Interpretation . N

v

XThe absence of deformation and faulting in the neighbouring beds
infe;ﬁ a preconsolidation origin for the folding. Although greatest
insta&ility occurs when substrata have an exceptionally high slope,
Potter{and Pettijohn (1963) note evidence for movement on slopes of
i

one or {two degrees. This is due to the fact that fine grained sedi-
ments mdy contain a very high ﬁroportion of water when first deposited,
and se mpy be readily mobilised, o

Confiinement of &eformation to a particular bed is most probably
caused byxinterstratal flgfage, which does not affect the whole bed
but only i&volves internal laminations. This readjustment is not thé
result of ternal;pressure which would cause lafge scale deformation, -
lateral slujping and thickness differences of thé bed.

Workers cited.by Potter and Pettijohn (1963i have observed that
the strike of slump foldé roughly corresponds to the strike of the

sqbaqyeousbsl pe. If this were appliaed to interstratal flowage the

subaqueous sldpe at this locality would strike approximately east-

" west, Howeve¥, lack of exposures and deposition of the Bradore sand-

stones on an alkmost flat substratum with dips of less than three

degrees would«nbt allow verification of this.

Rain Drop impressions

¢ ' .
Structures that were interpreted to be rain drop impressions were
found in the Fortjeau Formation at Point Amour (Fig. 4-26). They were

observed on the upper surface of a calcareous mudstone. and consisted of

irregular groovesiwith a diameter of 3-8 millimeters. Edges between




the impressions are shaped and uneven, and the actual grooves themselves
N

are shallow in depth, The formation of these implies that the bedding

surface has been above water.

J

Stylolitic suturing

Stylolitic suturing displayed by interlocking orvinterpenetration
of the limestone was found in the quteau Formation, east of Fox Cove.
The stylolites are parallel to th¢ bedding and have an amplitude of
less than one centimetre, Pettijohn (1957) considefs the origin of these
structures to be pres%ure solution formed jn a censolidated rock.

»

They are :herefore indicative of extensive interstratal solution and -
infer considerable reduction in rock volume,

Trace Fossils /
= ~

Description R

]

Cylindrical tube-like structures are exceptionally common throughout
the Bradore Formation. Th;y vary in diameter from a fraction of an
inch to half an inch, and in length from little more than an inch to’
over three feet (Figs. 4-17 and 4-18). fhey are always straight, or
nearly so, and vertical to the‘bedding. They have well cemented ;_,\’q
smooth walls which are often delineated by coloured laminations.

In thin section, the cylinder is more iron stained than the

surrounding rock and contained a higher percentage of opaque, magnetic

minerals (Figs., 4-21 and 4-22), The structuresare more indistinguish-

able in the field, often having the same colour as their host ;ock,“
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Honeycomb like colonies often occur, in which a cross section reveals

a circular shape to the structure, with an infilling, dark in colour.

llistorical Review of Origin of S. Linearis

The structureshave commonly been called Scolithus linearis but

according to Howell (1943) in keeping with the rules'of.;oological‘_ '

nomenclature, the species- first described by Haldeman should be

referred to as Skolithus linearis.

Skolithus linearis

Billings (1862) noting the occurrence of Skolithus linearis in

the sandstone at L'Anse au Loup, regarded them as plants, differing

from the previously found Potsdam Group Structure;. Later in

1869 he csncluded that specimens collected by the geological survéy

were sponges and definitely not worm casts {cited By Jémes, 1892),
Geinitz (1916) considers the dark infilling(fo be due to overlying

humic; muddy water but- this is unlikely considering the lithology of

the Bradore sandstones. Papers by Richter (1919, 1927) favour an

organic origin, although mention of a ‘risinngubble‘ origin is given,

in which he is puzzled by how tubes remained open unﬁil filled. He
also gives three observations which tend to go against an organic origin.

These are:-

1. Every pipe is of equal rigid regularity
l.v . £

2. There.is no meeting of the cylinders

3. There is no departure frém the vertical

Richter suggested tube formation by upward, organic movement.

The fact that the organisms are sensitive to gravity explains why the
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majority of the structures have almost vertical alignment, Referring

to modern analogies, he cites the example Sabellaria from the North Sea.

This inhabits shallow Qater sand deposits, subjected to occasional p
drying up.

Other ideas put forward for their origin include formation by

4

pothole whirlpools giving, conéretionary deposits, and mobilisation of
original pigment in flat lying sandstones by geyser action or rising of

»

spring water,

Interpretation

The cylindrical structures described by Hawley and Hart (1934) and
Gabelman (1955) are much larger than the ones in the thesis area.
Although the deposi?ional environment of the Bradore sandstones appears
to'be that of a water saturated partly consolidated silty area,

formation by springs seems unlikely, This is inferred frem the 3

abundance of Skolithus linearis in association witﬂ pigmentation banding
and quartzitic veining, previously stated as being of spring origin.
Another factor was the caving-in appearance of the sediment in one tube
structure, signifying a downward motion. However, this may be other-
wise but is unlikely to be explained by a spring diminishing in velocity,
These fielq re?gtionships éend to suggest that the non branching,
parallel structures were formed by movement of unconsolidated material

.

into cavities, most likely used as burrows of habitation by annelids

or phoronids,
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Problematic Markings/Features

Flask Shaped structures

Description

An exposure east of L'Anse au Clair in sandstones of the Bradore
Formation .showed flask-shaped structures related t'outhe vertical'
cylinders (Fig. 4-23). The flasks have rounded base andntaper upward
until parallel to the tube, thus forming a neck to the structure,

The rounded base varies in diameter from 4 to 9 inches. All the
seructure appéared to be at approximately the same horizon in the
upper part of the L'Anse au Clair Member. Frequently laminations
which comprise the structure are continuous from one flask to another
ar;t:} oc&asionally were deformed around the tube, On one rock spherical
laminations were associated with the flasks (Fig., 4-24) and were

inferred to be vertical sections through the edges of other flask-

shaped structures.

Interpretation

The cause of formation is thought tc; be water percolation from the
depositional surface through underlying unconsolidated sandstones,
Freshly dug burrows would provide less resistance to water penetration
than the surrounding rock and upon reaching the basal end of the tube,
iron deposition would disperse out .into the sandstone so forming
flask-shaped structures.  The cylinders may extend Ythrough the bottom
of the flask and so, if the above hypothesis were true, the lamination

would be contemporancous with the organisms. The cylinder terminates

in the centre of the flask.

)




80

Dendritic-like quartz veining

Doscription
Dendritic-like veins were found to be common on a bedding surface
“in the upper part of the L'Anse au Clair Mémber, exposed west of
Forteau. They occur as white coloured veins throughout the sandstones
at this particular horizon and are commonly found with abundant
cylindtical tubes. Frequently closely associa‘ted with the veins are
circular structures ranging up to three feet in diamcter (Fig. 4-12).
The structures were noted by Fong (1967), who described them as
calcareous veins, Examination of the veins both in the field and
laboratory show that they consist solely of quartz, The circular
Strugtures which generally accompany the veins are concentric colour
bands. T'hesé are closely related to the shape of the dendritic veins
(Fig. 4-13). The vein is always more resistant than the surrounding
rock and sa forms prominent ridges of clean quart:zitic sandstone, In
thin section the vein can be seen to be composed of large grained and
well sorted material with no visible lineation. Authigenic quart:z
is common and the actual quartz grains are subrounded to rounded with
very close packing, In contrast the country rock shows i1l sorting

and is heavily iron stained,

Interpretation and Significance . {

N

Wa(terJ on rising would probably deposit ferrous iron compounds as
continuously spreading band;, percolating through country rock. This
could well account for the shape and formation of the colour banding.

Movement of water may be dwe to compaction qf sediments *and the
subsequent forting upwards of water or just simply by a fresh water

spring rising due to its lower“specific gravity. AbBsence of grain




lineation }ndicates lack of deformation during formation and slow water
movement. It can therefore be said to be post depositional and most
probably preconsolidétional in origin due to its colour banding
character.

Large Scale Circular Structures without Veins

Introduc_ti_on and Description

James Ri:chardshon,- circa 1862, appears to be the first person to
make reference to these structures in eastern Canada. He states in
one of his field books (L.M. Cummi}rg";»perso_nal communication),

'This measwure is altogether ;xrrangfad in rounded and oval

elementaryﬂ'-'layers having a diamete'r";f from one {::'oot to

nine or ten. Some dip to a centre while some, but

fewer,~ dip_ from it.!
He then gives a general plan of their arrangement,

I? 1894, Weston, in descril;ing concretions f011;1d in Canadian rocks,
states that the structures show cqncenf:ric lines of various co‘loﬁr and

some of them are a yard or more in diameter. The whole rock, he said

is pierced by Skolithus Canadensis (Billings)

The structures were al\;ray:«s found, both on. Greenly Island and east
of L"Anse au‘ Clair, at a high stratigraphic horizon in the Bradore
Formation. Vertical sections reveal the ba-ﬁding to be both ba;sir'l
and dome shaped, and continuous between the two (Fig. 4-15).

The colour banding is not associ'ated with quartzitic veins, ahd
as observed on a bedding surface, displays a round or elliptical shape

(Fig. 4-14) resulting in a concentric pattern. The colour varying

c




from red, pink to grey is due to the depositi;on of hematite as a veneer
on the quart: grains.

Structures have variable diameters ranging up to over twenty feet
in diameter, although in some very small scale of approximately one o.r

two feet diameter, circular bandirié, occurs with no related veining.

Interpretation

¢

The origin of those structures is probably due %o deposition of

férrous iron by water in rising. The transportati(*n of the iron In
solution does not appear to be concentrated as before in springs but is
more widespread giving much larger structures. Explanation of their

form is similar to that put forward for Figure.4-11 where expulsion
‘.

v

{f water caused coloured laminations to move upward a;nd form sinous

upwellings and large rounded basins. l
A completely Aifferent kind of structure at the same horizon was
observed east of L'Anse au Clair. This was a type of sandstone ;;lug

(Fig. 4-16) in' a thick bedded, hard quartzitic se{mdstone. The sand-
stone is deep pink in colour and contrasts to th.e coarse grey coloured
rock. The shape of the 'plug' is circular at one end, showing a
certain amount of concentricity, and ther'1 it tails off.

p The structure may be just an infilling of a crack in the gub—
stratum. On the other hand the circular fracturing may,sighify
forpation by a spring on a much larger scale than previously mentioned.
As this was the only structure of its kind seen, its origin could

>

not be verified.

.




Figure 4-3 Tabular cross stratification, with a planar

(P. 66 )

e

Figure 4-4
(P. 66 )

5>

.

T L " -

basal surface. S.E. of Lourdes du Blanc Sablon

Plan (parallel to ab) view of a trough cross
bed showing apparent curvature of laminations

in Bradore Formation.

Current from right to
left. L'Anse au Clair.



Figure 4-5
(P. 70)

Figure 4-6
(P. 70 )

‘Ripple drift cross lamination oFf type A

(Joping & Walker, 1968). Dark colour banding
displays the cross lamination and shows current
direction from left to right. S.E. of Blanc
Sablon.

Tabular cross stratification with small scale
trough cross beds on the surface showing a
different current direction. E. of L'Anse au
Clajir.
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Figure 4-7

(P.71 )
Longitudinal ripple
mark on a bedding
surface exposed east
of L'Anse au Clair
Looking East.
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Figure 4-8 Lower beds of the Bradore Formation

(P. 72) displaying horizontal parallel
laminations. Frequently laminae join
to form web-like patterns. Blanc
Sablon.




Figure 4-9 Colour banding with the cross lamination

(P. 74 ) and concave shaped lamination formed by
interstratal currents, flowing from left to
right. S. of Forteau.

Figure 4-10 Contemporaneous folding exposed east of
P. 74) L'Anse au Clair in a bed of relatively

constant thickness with underformed beds
above and below.



Figure 4-11 Colour and differential cementation
(P.73 ) E. of L'Anse au Clair

T Tha

o

== TTE== LIS

Figure 4-12 Quartzitic veins with associated
(P. 80 ) colour banding, forming circular
structures exposed west of Forteau.
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Figure 4-13 Vertical section through the veins and

(P. 80 ) circular structures showing a synclinal
shape. Note the prominent quartzitic
veins forming ridges on a bedding surface
exposed west of Forteau.

—— — — — -——— — ——

F1gure 4-14 Large scale colour banding forming concentrlc
(P. 81 ) structures on Greenly Island
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Figure 4-15

(P. 81

)

Vertical section through the structure
showing continuous colour banding from one

basin to another. Note vertical cylindrical
tubes. Greenly Island.



Figure 4-16

(P. 82 )

Pink coloured sandstone
infilling, exposed in
the upper sandstone
beds of the Bradore
Formation, west of
Forteau. Note the
concentric fracturing
in the dyke




Figure 4-17

P 77 )

Vertical rock face
with abundant
cylindrical tubes.
Largest measured
was over 42 inches.
L'Anse Cayeux.

—_—

Figure 4-18 Cylindrical worm tube with a diameter of
®.77) 3 inch. Located in loose boulder at
L'Anse Cayeux.




Figure 4-19

Weathered vertical cylindrical tubes near the
(P. 39 )

top of the Bradore Formation, exposed in the

cliff face on the eastern side of L'Anse au
Clair Bay.

4
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Figure 4-20
(P. 39 )

Scolithus errans on a bedding plane, located

under the topmost bed of the Bradore Formation
at Lourdes du Blanc Sablon.
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Figure 4-21 Photomicrograph, horizontal section through

(P. 77) a worm burrow showing heavily stained and
finer grained infilling. Transmitted non
polarised light, x 10.
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Figure 4-22 Photomicrograph, vertical section through a
e 77 J worm burrow showing finer grained infilling.
Transmitted polarised light x 8,

2
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Figure 4-23

(P.79 )

Flask shaped structures
on a vertical rock face
exposed east of L'Anse
au Clair. Note worm
burrows extending
through the structure.

Figure 4-24 Vertical rock face displaying flask-shaped
(P. 79 ) structures and associated spherical colour
banding. East of L'Anse au Clair.



Figure 4-25 Oscillation ripple marks in the Forteau
= 1 3 Formation located at Point Amour.

Figure 4-26 Rain impressions on a sample from the Forteau
(P. 76 ) Formation exposed at Point Amour.
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CHAPTER V

ANCIENT ENVIRONMENTS

DISCUSSION -

The Bradore Formation rests on a substratum which is mainly fresh

.

and unaltered most probébly due to current activity winnowing away all
the loose matter.with the exception of larger pebblés forming ‘the basal

conglomerate, Palaeocurrent directions and the accumulation of coarse

material ‘in the basal beds suggests an environment where wave and tidal

currents "dominated..
- Occasional silty layers between the basal sandstones were no doubt

deposlted during perlods of slower currents, Fine grained sandstones

and siltstones 1mmed1ate1y overlying the basal conglomerate infer a )

dep051t10hal environment with weachurrents, such as a flat la;‘ g\shore.'

The cause of the decrease in power is in most cases a contlnued def |

Apresuon of the J\and ‘ o . “ . (

’

3

Worm burrdws in the mlddle to upper parts of the Bra{dore Formation

signify an upper shore env1ronment The presence of glauconite is in-

d1cat1ve of a marine environment .The "almost &omplete lack of \

.

arglllaceous matenal throughout the formation is one characteristic

¢
° . .

feature of most beach dep051ts.
- ' 4 wards th 7
Conglomeratic bands .appear less fdequently towards th top of -{’- ~—
the successmn a.nd the beds are more uniform in both camposition: and
texture, Dep051tlon is mferred to be in less agltated waters than .
the lower beds, probably im near shore sh‘allow water, a relatively
lower energy environment, The presence of intermittent conglomeratic

beds a.nd abundant cross bedding in the upper beds, however, indicates

L
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.

°
occasional strong vai-iable currents

.

) 1 conclusion the: sandstones of the Bradore Formatlon in southem .
Labradl*mpn/

Ought to be" entirely marine and of shallow water origin.,

an1ronment With Respect to Te»tural Maturity

>

: ).
Folk (1968) states that the tectonic framework exercises an .
A

indirect control over environmental determ1nat1on which in turn

com:rols the textural maturity of a rock.

Accordlng to hlS four stages

of maturity ﬁhe Bradore sandstones would be classified as submature,

Ssince ths sand grains are poorly sorted (having a value of over 0. 5)

-

and only subrounded, with under s percent clay., However, there -

-appears to be more than one fractlon in some of the. sandstones and the

. réck may be bidmodal mature, with the coarse and flne mode showing poor

sortmg as a whole (Fig. 3- 7). He also po1nts ou't that immature

sandstomes are usually formed dunng crugtal unrest whereas supermature

altwugh the environment has a
great 1nfluence in theifrespectlve formatlons

T Plots of skevmess an

ones evolve from crustal stability,

-

d kurtosis Teveal, normal Curves, indicating

that ,the maJ ority

of the san‘fprés examined are unimodai in character.

B;modality “Woutq gi\ye non normal values of the two para.meters.

Beach,
) sands are unlmodal anye negative skeﬁness\generally,

with an excess
of coarse

1k (1968) c1tes the followmg three causes for

/ / the gravel dontemt in beach sands: - ! 1
\ . - - - .
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The Bradore sandstones are negatively skewed with the presence of
a coarse /fraction. As a hard crystalline basement 'is present, it is
inferred that this 1s téhe source of the gravel,vwhich mainly occurs in‘
the‘ beds d'verlying the basement,

There is. a gradation from pooi'ly»moderately sorted material in-
thé‘lower beds to moderafely-well sorted mafefial in the upper ones.
Grain size diminisKes inlthe same direction and gives a finiMg-upward
sequence,

. »

3everal environments may be inferred from the sorting values
(Ibld) but the transition to more mature beds towards the top of the
success1on limits thesg to a river channel, beach and bar or aeolian -

and dune. The fact that sediments do become more mature is also

evyidenced by the increase in non-undulatory quartz contefit.

Environment with Respect of Mineral Composition

\ Al

The mineralogical composition of sandstones is controlled by the
source area and the 1ithology can be affected by tectonism. Folk

(1968) states that textural maturity and mineral composition are inter-

related,

The triangular compositional diagram {(Fig. 3-2) classifies the

Bradore sandstones as mostly subarkoses, with some almost ortho-

.

' quartzites. In part, the very basal .beds.and the topmost bed (midway

23

between L'Anse au Clair and Forteau Point)' are true arkoses and infer
f‘,

less transporting distance. The subarkoses are thoughc to represent '

a transitional stage of'maturity and mineralogy (Folk 1968)

Feldspar content in the Bradore sandstones is relatively low in

! L :
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comparison with éhgyiof quartz. - Initially, there must have been a
M t

great deal more feldspar, as very large crystals and a high proportion
po .
.

e

" of the mineral are present in the parent rock. The freshness of the
feldspar is noted especially in the basal bgds. Although this is
}ndicative of reiatively slight chemical weathering, that is in an.
arid environﬁént, it'is interpreted as being due to a proximalnsaurce
for the Bradore Sandstones. A pronounced humid climate is indicated

by the weathering products being transported and deposited mainly in a

»
disturbed position. Weatheting must have_been strong, crumbling the
- . ’ > .
feldspar grains and washing them &way with the rest of the fine silt,

It is therefore likely that there was a-period of prolonged abrasion

of the segiments. In thin section both microcline and orthoclase
are present, the latter appearing more altered. ~

~ «

Environment with Respect to Classification of the Bradore Sandstones

-

The following is a summary of the depositi'oha} history based on
olk's (1968} genetic classification:-"

1. The Canadian Shield as a craton would give stability

with only mild eustatic changes. Tectonics of the

source area were probably quiescent and stable, with

slow sediment ‘accumulation on a peneplane consisting
of granite-gr#pitic gneiss,

2, - Tectonic framework of the depositional §ite resulted
in the formation of a wedge of sandstone thickéning

\\ to e north-east of the source area, off ‘the craton.




2

3. The dominant depositional env1ronment was a tran51t10nal
littoral one resulting in undaform (shallow marlne] dep051ts
4, Cllmat1c effects have given rise to iron staining and both

fresh and altcred feldspar. ‘ )

o A relatively stable cratonlc region would comprise on its perlmeter
a shelk or ba51n whose source of sediment would be the craton itself.
This would result in the formation of a thin sheet of shallow water
sediments, th1cken1ng away from the craton

A lack of feldspar could indicate a humid and warm cllmate on land
with low relief or tidal 'deposition w\ere feldspars undergo alteratlon
Due to considerabje transport, the presence of authigenic feldspar as \(
overgrowths is suggestive of a marine orlgln Thus, keeping these
facts in mlnd the arkosic sandsténe could not be classed as climatic,
where dry or cold cond1t1ons are necessary The abundance of red
hemat1t1c sta1n1ng is 1nd1cat1ve of a humid climate and so is the
occurrence'of both fresh and badly Neathered felspar. An occasional
bed of oolitic hematite (30 percent hemat1te) ex1sts in the basal beds,
1nferr1ng shallow agitated water. The concept of a tectonic arkose
(Folk, 1968) evolving from uplift and rapld erosion is Aot 11ke1y in .
the case of the Bradore arkoses for the following reasons:

1. Apparent stability of the cratonfﬁz;;ng deposition of the

sands,
2. Absence ef a’vast thickness of sediment which would
éccumulate and thin outward as a wedge., The Bradore C\\‘ | .

sandstones actually thicken outward from the source

area.
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3. The sandstones would be poorly sorteéd and have a clay content,

although these would change with progressive maturlty

The Bradore sandstones therefore+~do not apparently fit the

l

deflnltlons of climatic or tectonic arkoses. Howevér Jif the large
east-west-trendlng fault occurring to the north of Bradore Bay was
active during or pPrevious to deposition, the raising of the basement

to the surface would greatly influence -the- arkose formation and evolye .
T

-

a type of tectonlc arkose.

SEDIMENTARY STRUCTUREé

Sandetones with foreset=cross lamination and trough cross lamin-
ation are abundant in the Bradore Formatien Although a polymodal
nature of cross beddlng orlentatlon may indicate a fluviatile en-
vironment, the 1nterm1ttant accumulatlon of a coarser fraction and
the presence of 10ng1tud1nal rlpple marks 51gn1f1es a tqdal environment .
" The aximuth differences, between the modes of the trough ¢ross bedding
vary from 20° to 40 From Figure 4 1 they appear to have been greatly
affected by a-d#ift current from the south west, whlch prevented _accumu-
latlon of seaward and landward dipping strata having larger azimuth
dlfferenpes

A low energy, 11ttoral to near shore enV1ronment i;/{nferred from
the 'silty basal layers with paralJel to sub parallel lamination, . The -~
lack of 51gn1f1cant amounts of clay 1s possibly due to 1nten51ye pre ‘ ..
Bradore Formatlon wind erosion or later high energy tidal condltlons

Van Straaten (1960) points out that ripples are not generally

preserved 1n an upper tidal flat'env1ronment where bor1ng organisms and




high wave energies éxisti Fréy and Howard ¥1969) desgribe the location
of vertical, cy]indrical worm burrows to be on an upper shore, although
other types exiét all 6ve£ a'shore profile. In Cambrian times, -

S. linearis appears to He restricted to the Fenno-Scandinaviagn and the

Canadian Shields. Everywhé?e these ichnofossils occur in (primarily)
© . -

pure marine sandstones, formed at a relatively slight depth,.

Springs would occur on sandy beaches, caused by fresh water
N \ - .0
following the basement relief and then rising through saline water

saturated sediments due to differences in specific gravity. Their

formation may not be s¢ complicated and may be due simply to com-
) -
paction of thq underlying beds and subsequent 'squeezing' out “of water:

No matter what their origin, water movement occurred and resulted in

-

N .
differential deposition of the ferrous irdn to form intricate structures.
. ot )
From these the direction of flow of\the interstratal solution may be . -
° -
-determined but often confuses the true laminatioR of crossastratification,.
- N . [N
' FERROUS STAINING h
A . . _
The presence of iron as a veneer on the quartz grains has no doubt
s . . 4 s
been brought about by precipitation.- Iron compounds in the underlying ~
gneiss, when exposed to the atmosphere would be oxidised and be put into '

solution. Therefore fluctuating climatic conditions might well explain

the presence or absence of hematitic and limonitic staining in some/ of
A}

-the beds. .
Weller (1960) points out,
'Red marine strata are not common but their occurence in some

formations seems"Ep indicate deficiency of organic matter on

the sea floor capable of reducing their ferric pigments,’
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\ Interstratal solutionAappcars to Be the cause of redistribution
of the iron pigmentation throughout the sandstone, forming intricate
sédimentérx structures, Using this source of iron, the histdry of
deposition andrtﬁe source of the secondary features could be deduced
from the folloﬁing future palaeomagnetic studies:

1. Stability investigations in which palaeomagnetism

(viz..demagnetization) techniques};;y reveal the
'historical sequence ofreveﬁts, resulging-in the sedi-
menga;y structu;es.

Techniques in which the rock fabric can be tied up
with shape anisotrophy in rock magnétism.

The tubes 6f S. linearis are often stronély rg@/éoloured, even
where they occur in a white coloured sandsfone; and they can be white
or very. slightly coloured when in red coloured beds. This suggests
that on the one hand the cylinder ﬂallnhas been impermeable to the
pigment mattgfs and the solution fér which it has been deposited,
‘;hile on the ofhe; hand the pigmentation has taken place after the

formation of the cylinders.

PALAEOGEOGRAPHY
An isopach map:(Fig. 2-4) was made from plotting measured
coastal thicknesses.and approximate inland thicknesses of the
Bradore sand&tones. An exposed inldnd thickness was calculatéd from
the intersection of the basal Bradore Formation contact with the
Precambrian basement and contour height. - The resuIting thickness
pattern from which the general direction of thickening can easily be

o .
read is thus only approximate. ~ Compensation for faulting would have

\.




to be considered for aAﬁbré exaci picture.

The shoreline appears to be in the region of the most northerly
exposure of the Bradore Formation and trends south;west to north-east.
Figure 5-1 shows Schuchert's interpretation, (cited Ey Wells, 1955),
where the coastline is‘situated nuch further west. . As the majority:
of the Bradore Sandstones display tide domipated, shallow marine

characteristics and as -some show beach features, the shoreline :is
g‘ " - -

thought to be nearer the present one,

The source area of the sediments lay fo;the north-west on
relatively low lying land, undergoiﬂg mild upliﬁt. Rivers draining
the laﬁd surface flowed generaily §6uth eastward to the coast. A
strong south-wésterly longshore éurrent deflected local and tide
currents, especially further away from the coast.'? This current pattern

would then, support Steven's observations (Williams § Stevens, 1969) on

’ ‘ 3

Belle Isle of a south westerly derivation. However, a possible north
and north-east source area, mentioned in'the same paper appears to be

- @ contradiction, unless Belle Isle were at the meeting of the two

contrary flowing currents, .

s
The study of palaeocurrent data from the southern side of the

.

Strait of Belle Isle might give further evidence of a north west,
north east deflected current, although elsewhere in. the sﬁccession

paleocurrents may be‘from_othcr'diréctions.

»

.. - : e
The environment of deposition of the Forteau Formatfsn appears to
s .. ¢ . ' . R s -
be that of a shelf margin with harrier reefs forming a little distance

offshore from low land. - Shales and thin bedded limggtoneS'were:thus

probably formed in lagoon-like conditions, with wave and curreﬁ}
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agitation forming oolites and pisolites. Shallow water may be in-
s

ferred by the presence of oscillation ripple marks found near L'Anse
Amour (Fig. 4-25) and possible above-water sediments by the occurrence

- of rain impressions (Fig. 4-26).

ADDENDUM )

After the first draft of the thesis was completed further studies
(Swett, Klein and'Smit‘, 197'1; Swett and Smit, 1972) were made of com-
parable rocks to the Bradore Formation. The former concludes that the
Cambrian Eriboll Sandstone of northwest Scotland, an identical deposit
to the Bradore Sandsltone, is also a tidal deposit, characterized by.
prolongedfabrasion, a mineralogically matur'(ng-upward sequence, bimodal
frequency distribution of both dip angle and set thicknegs, together
with rounded uppewosional surfaces on the cross strata. Further,
they subdivided it i)(to two members, again with similarities %o the
postulated subdivision of the Bradore Formation., The Lower Member
comprises medium grained, well sorted mature qué{rtzarenites and sub-
arkosic sandstone, prominently cross stratified. The Upper Pipe Rock

Member with Scolithus ichnofossils is massive bedded.

Swett and Smit (1972) infer from similarities betwnqri)the Canbro-
Ordovician sequences of westemn Newfo;mdl‘and, northwest Scotland and
central East Greenland that their depositional environments were juxta-
posed on the western continental shelf of a proto Atlantic basin,
‘Resemblances include stratigraphic sequences, sedimentary features and

paragenetic historjes.

The Bradore Formation thus represents a gradual marine trans-
gression bnto a stable craton and can be corwlated with basal Cambrian
sandstones from other areas in the North Atlantic. The sum total of
similarities between these sandstoites can hardly be fortuitous but prob-
ably r&essitates deposition in the same ndimentgry basin, signifying
that the Proto Atlantic may have been smaller than the present Atlantic

Ocean, '
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APPENDI?( A - GEOMORPHOLOGY :

LocaTiow
Blanc S.E. Blanc. Bay betwsen L'Anze Inglish L'Anse © Diabje
Sablon Sablon 3lanc Sablop iu Claiy Point 2u Luwp Bay
- > & L'Anse au T T I
T clair
17 Y 17 . 17,5 17 - L.
46 46 46 46 49,5 50 -
69 69 71 68 - - -
34.5 84.5 - 84.5 77 ' - -
€C. s - 95 92 - 91.5 - - b m
101,5 113 109.5 112 - - - ’
116 118,5 - - .- ‘ - Co-
127 129,5 - - 126 - -
136 136,5 - - - - - -
145 143 £ - - - 153.
183 - 183.5 178 172 171 - —
- 202.5 - - 198 - - -
- ol - 220,5 218 211 216 -
- - - 247 245 -
- 22?'5 - - - 269 271 _/
- - - - - 290 -
- - - - - 311 - 321
- - -~ - - - 427
- - - - - - 448
Table 1-1 N
o {

Reck terraces in the fradore Eormetion measured above high tide (in feet)
o thrraces o

Locations can be found or Figure !.] apg description Page 15
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APPENDIX B

~

JOINTS :
Cumming (1971) made a regional study of the joints on ‘l;oth sides
of the Straif of Belle Isle (Fig. 2-5)‘.1 He concluded that there was
one joint system consisting of two well developed séts, representing
. Sy
extensional fracturing (Fig. 2-15). Results of readings taken at
localities along the coast duging this study tend to suﬁport this
view (Fig. 2-6a and b). .
-Cul;uning (1971) reported the regional joint pattern in the Cape
Norman area on the northern peninsula predates the faulting. _In the
present étudy no time relationship between joints and fault systems was
found, althlough evidence of movement along some of the joints was clear.
During the early part of the Taconian Orogeny (post Early Ordovician)
Southém Labra.dor, situated on the eastern St. Lawrence Platform gmd
bordering the St. Lawrence geosyncline, underwent extensive erosion
attributed to the occurrence of epeirogenic upl‘itfg‘and the following
southward retreat of the sea (Poole, 1967). These movements are ihe
probable cause of the structural pattern which occurs in the area. The

overall deformation effects in the area are slight compared to those on

the eastern side of the Strait of Belle Isle.
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Rosette diagrams, proceeding from south to north, represent
 measurements at:
rd

207 localities from Port Saunders area (12 I/11);

204 localities
areas;

59 localities
97 localities
areas;

61 localities
65 localities

Figure
2=5

from Brig Bay (12 P/2) and Flower's Cove (12 P/7)

from Salmon River area (12 P/1);
from Eddies Cove (12 P/8) and Big Brook (12 P/9).

from Labrador (12 P/6, 12 P/7) and
from Raleigh area (2 M/12 west half).

Distribution of joints in Palaeozoic rocks
in the Strait of Belle Isle region.
(Cumming.1971)
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APPENDIX B - JOINTS

Fizure 2-ba DISTRIPUTION OF JOINTS IN THE PRECAMBRIAN ROCKS.

o 5

U9

(14 Readings,with angles of over 60 from the
horizontal for the joint faces,tzken from
Lourdes du Blanc Sablon,Diable Bay and English

Point.)

- A
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~ APPENDIX_C -  STATISTICAL MEASURES

Statistical Measures Symbeol Formula and HoWw Derived
\ .
Millirmeter Mcdian Md Graphically: the 50% diameter on a ‘ //)
: Cumulative Freauvency Curve .

Phi Median Mdis
“ - LS IR
Y
Millineter Arithmetic Mean X For ungrouped valucs: EXi
N
Graphic Mean (Folk) ) : , Mz P16 R P50 . P84 .
3
Inclusive Graphic Standard Deviation o P84 - P16 + P95 - P5
- 4 6.6
Inclusive Graphic Skewness : Ski A p16 + P84 - ZPSO + PS + P95 - ZPSO _
“Pgs _ P16 2(Pgs _ Pg)
Graphic Kurtosis KG Pgs - P '
2.44 (P7s - st) .
- -

Formulee for Statistical Measures

eIl
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A ‘ APPENDIX ¢ -~ STATISTICAL MEASURES®
. Y - .
N .

Formulae used in the calculatig f cross stratification parameters

. - ) f
Véctor mean was calculated by the formula:-

@ = ARCTAN W
N v

Where 0 is the vector mean,

W = i=1nEN1 SIN Ql
x
V =, C0S0
1
0 is an individual azimuth | \

N is the total number of azimuths

Deviation from the vector mean was calculated from:-
. s? - E@,, - 0) (N-1)
1M v .
Where 32 is-the variance

°1M is the mean class azimuth




Sample No. Quartz K,felds, Matrix Opaque Calc,/Dol,

APPENDIX D

—_NNEeEWne 3w

OO0 ~3ONUY N

15/4377
15/4373
15/4366
15/4359
15/4355

* 15/4326

15/4318
1574314
15/4310
157437
15/435
15/434

15/361
15/385
157411
15/441
15/391
15/4387
20/493
20/507
20/505
20/5113
20/5119
22/563

»

NN W NN~ ~3 0o oo
h-aie;b(x ac»:gigxncn r-
L] L

O W N NN OO N

o0 0o
(Yo IR |
. e
o3

74,5

67.9
92,6
93.0
85.0
94,5
76,3
56,3
37.6

80.7/

BN =

SHN'—‘N
= O 000 N Lo
¢ & o * . @

O\Olu!o~J\J8;x(Da>uMO

_ o~
N~

[
- L] - - L] - - -

NN ARE VMY N O

O VN ~Jé&0o oo oW WwN oo

=N

0.2

Matrix includes indistinguishable quartz and feldspar

Rut.

Others presént

[oR o

o
[

OO =
[ SV

fég:.

[ 2N R R B ]

O.MOOOV—O
PN .
[ I SRV T, )

[oNwe]
—

'Table 3-12 Percentage mineral composition of the Bradore Formation

Tour
4,8 zoisite
Apat/Tour
Apat/Tour

Tour

Epidt

<t

Apat/Epid.

‘Sample numbers are indicated on maps, Figures 3-la(page 136) and 3-1b(Appendix &)
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APPENDIX D - DATA

- Sample Number Total Quartz % Non Undulatory % Undulatory % Polycrystalline
—_— .

. 12 15/4377 89.6 87 13 0
11 15/4373 85,2 86 . 14 0
10 15/4366 75,50 72 28 0
9 15/4359 90,5 52 . 42 6
8 15/4355 90.9 72 27 1
7 15/4326 73.2 " 42 s6 - 2 Vertical
6 15/4318 74,5 22 62 16 Section
5 15/4314 79,2 54 44 .2
: 4 15/4310 84.9 40 50 10
) e 315/437 30.9 66 32 2
2 15/438 78,1 26 72 2.
1 15/434 74,1 26 66 8
1 15/361 87.7 , . 88 12 0
2 15/385 89,0 80 18 2
3 15/411 74,5 86 14 O~.
4 15/391 82.6 62 36 2 Topmost Bed
. 5 15/4387_ 93,0 74 26 0 :
6 20/5113 56,3 92 -8 o’

' Location of samples is indicated on Figures 3-]a (Page136) and 3-1b {Appendix ).

Table 3-2 Percentage of Quartz Types in the Bradore Formation

-
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T -
) APPENDIX D - DATA\
7 Sample Number Median diameter Graphic mean Arithmetic Inclusive Graphic Inclusive Graphic Graphic kurtosis
. . mm. phi phi mm.. _ phi Standard Deviation Skewness K Kg' XG
S Md Md M X : Sk K.+1
~ ; e. . G
) z i i
12 15/4377 0.58- +0.80 "+0.69 0.71 ¥ 0.50°  0.81 -0.18 ) 0.86 0.46
"7 11 15/4373 0.44 +1.20 +1.18  0.49 + 1.05 0.73 « -0.08 "’ 1.40 0.70
g 10 15/4366 0.44 +1.23 +1.17  0.53 + 0.90 0.88 -0.15 1,08 0.52
- 9 15/4359 0.52 +0.95 ,+0.82  0.76 + 0.40 1.08 -0.22 0.89  0.47
5 8 15/4355 .25 -0.33 -0.27 1.22 - 0°30 0.72 +0.12 1.11 ~  0.53
& 7 15/4326 0.32 +1.65 +1.53  0.38 + 1.35 0.71 | -0.27 1.06 0.52
~ 6 15/4318 1.83 -0.88 -0.87 1.93 - 0.94 0.73 +0.05 .87 0.46
3 5 15/4314 1.10 -0.13 -0.14 1.77 - 0.85 0.70 -0.02 0.89 0.47
£ 415/4310 0.79- +0.33 +0.13< 1.20 - 0.25 0.96 -0.16 1.13 0.53
® 3 15/437 0.48 *+1.05 +1.13 © 0.54 + 0.90 1.00 +0.09 0.82 .45
> 215/435 1.10 -0.18 -0.27 1.33 - 0.40 0.62 : -0.28 1.40 0.58 .
1 15/434 1.32 -0.43 -0.45 1.49 - 0.55 0.69 -0.10 1.06 0.52 ’
1 15/361 0.5% +0.88 +0.87  0.57 + 0.80 0.54 -0.01 0.80 0.44
" 2 15/385 0.60 +0.73 +0.58  0.79 + 0.35 0.72 -0.36 0.84 0.46
3 15/411 0.40 +1.30 +1.18 " 0.45 + 1.15 0.48 ° -0.39 1.13 0.53
£ 4 15/441 0.47 +1.08 +1.00  0.65 + 0.61 0.81 -0.32 1.38 0.58
- 5 15/391 1.05 -0.05 -0.09 1.04 - 0.10 0.52 -0.14 1.01 0.50
@ 615/4387  0.46 +1.10 +1.09  0.47 + 1.10 0.41 -0.08 0.98 ©  0.49
7 20/493 0.60 - +0.75 +0.77 0.61 + 0.70. 0.50 -0.00 1.21 0.55
w8 20/507 0.75 +0.38 +0.38  0.81 + 0.30 0.54 +0.01 1.00 0.50
8 9 20/505 0.52 +0.93 +0.94  0.54 + 0.90 0.42 -0.01 1.05 0.5l
o 10 20/5113 0.31 +1.70 +1.73  0.30 + 1.70 0.54 +0.03 0.87 0.47
& 11 2075119 0.22 +2.20 +2.22  0.19 + 2.38 0.38 +0.07 1.25 o.?s
12 22/563 0.39 +1,30 +1.31  0.40 + 1.30 0.43 -0.00 1.04 0.31

Table 3-3  Grain size parameters of the Bradore Formation

Sample numbers are located on maps, Figures 3-1a (Page136 ) and 3-1b (AppendixgG ).
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Yertical Section

Topmost Bed

Sample No.

hnnou
[T RPN N7, I SN, W TN N

p—t
Q OV I D LLAN

11
12

15/4377
15/4373
15/4366
15/4359
15/4355
15/4326
15/4318
15/4314
15/4310
15/437

15/435

15/434

15/361
15/385
15/411
15/441
154391
15/4387
20/493
20/507
20/505
20/5113
- 20/5119
22/563

Mean phi Standard dev.

units phi classes
+0.74 0.86
+1.23 0.85
+1.25 0.92
+C.79 1.13
-0.06 0.81
+1.61 0.79
-0.77 0.77
+0.03 : 0.83
+0.30 1.21
+1.30 0.94
+1.20 0.85
-0.12 0.87
-0.31 '
+0.95 0.61
+0.60 “0.68
+1.19 0.54.
0 0.96
«0.09 0.42
+1.15 0.50
+0.78 0.57
+0.39 0.65
+0.84 0.54
+1.80 0.57
+2.,43 0.51
+1.38 0.52

APPENDIX D - DATA

!

-0.09
+0.09
-0.43
+0.60
+0.58
-0.40
+0.26
+0.10

- -0.93

-0.15
-0.56
0.45

-0.04
-0.23
-0.47
-0.72
-0.29
-0.13
-0.03
+0.06
+0.08
+0.0S
-0.03
-0.06

b,

2.41
2.93
2.80
2.74
3.51
2.79
2.67
2.93
3.00
2.87
4.46
4.12

2.61

2.39
3.93
3.30

. 3.03

1.74
2.48
2.36
1.84
2,41
3.67

3.00

Skewness  Kurtosis Sphericity Roundness
SK K b/a
-0.04 -0.59 0.67 .38
+0.05 -0.65 0.66 :37
-0.21 ~0.20 0.69 .38
-0.30 -0.26 0.70 .39
+0.29 +0.51 0.68, .38
-0.20 -0.21 0.65 .32
+0.13 -0.33 0.68 .29
+0.05 -0.07 0.8 \ .39
-0.47 +0.01 0.69 .40
-0.07 -0.13 0.63 .30
-0.28 +1.46 0.63 .34
-0.23 +1.12 0.71 .31
-0.02 -0.39 0.72 .43
-0.12 -0.61 0.69 .45
0.23 +0.93 0.69 ! .44
-0.36 +0.30 0.71 ' -
-0.15 +0.03 0.76 .47
-0.07 -1.26 Q.67 .46
-0.01 -0.52 0.71 -
+0.03 -0.%4 0.73 -
+0.04 -1.16 0.73 -
+0.03 -0.59 0.69 .44
-0.02 +0:67 0.70 -
-0.03 0.G0e 0.68 -

Table 3-4 Grain size paraneters based on moment measures and shape analysis

Sample numbers are indicated on maps, figures 3-la (P.130) and 3 - 1b
(Appendix @)
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Fig. 3'5 DISTRIBUTION OF SIZE PARAMETERSIN VERTICAL SECTION
OCATIONS INDICATED ON MAP, Fig. 3-1b,Appendix G,
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Fig.3—- 64

DISTRIBUTIONOF SIZE PARAMETER S AGAINST LOCATION
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Fig-3-7 SCATTER PLOT OF MEAN SIZE VERSUS DEVIATION
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Fig 3-9
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Computation of Statistics from the Moments of a Frequency Distribution

X = midpont of each clams  f* = frequency (Gri ffiths, 19()'7,) .
s " C T
I'ig.3-13 £ = anthmetic mean £ = assumed mean = somple Mo, 1574355,
¢ = class lerval = 1 phi d - X - 2
c

Clasa limits,
phi units

S5
- 43

4
4.5
-6 1

TOTAL 4a
Moments around the arbitrary origin

zid

Ifd
vy - i% =0.46  w=ZT - 1.00

=T 16t a =Pl 412
zf zf

Moments aroutnd the true mean corrected for grouped data
me=f =R+ = -0.5 40,44 = - 0,06
my =0 = g ~m?) = 1.0 — 0.193§ = 0.8064
Y = V8 = 0.898 ’
= c(m o=~ 3nm + 20 = ] 64 = 3(0.44) + 2 (0.085184)
0.490368 o

0.490368  _ 4 5762256

0.851

0.2881128

4
My = A ny — dngm, + 8nny ~ 3n,0)
- 4,12 4(1.64) (0.44) + 6(0.1936) - 3(0.0374809)
- 4,12 2.8864 + 1.1616 - 0.1124427 = 2.2827573

mo_ .2827573
Iz .6502873

Keb —-3a 0.5104

Summary wtatistics

by = =3.5104

Xy = -0.06 8, = 0.8064
Vh = 00,5762 = 3.5104
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APPENDIX F - PALAEONTOLOGY

"

Palaeontologz of the Forteau Formation

The Archaeocyathid fauna of the Forteau Formation was described by
Fong (1967). Other fossils found and mentioned by him include in-
articulate brachiopods, molluscs, trilobites, and various calcareous

algae, _.Amongst the trilobites identified was Olenellus thompsoni

(Hall), a time stratigraphic fossil for the Lower Cambrian.

Besides undetermined archdeocyathids, the present writer collected

the following, from exposures at Point Amour and Fox Cove:-

Phylum Brachiopoda
' . Nisusia sp.

Phylum Mollusca’ :
Salterella sp,

Phylum Arthrepoda
Bonnia sp.

€

Plant fossils w
<s Division Schizomycophyta

Girvanella sp.

\/».
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Frgure 3-1p, APPENDIX G,
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LITHOLOGICAL CHARACTER OF THE BRADORE FORMA
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