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Abstract 

· The Lower Cambrian· Bradore Formation in Southe.Jn Labrador consists 

preubminantly of cross -stratified subarkoses, wi~h thin beds of con-

glomerate and siltstone in the basal part. 

The formation is divisible :i_nto two members; the lower, 

named the Blanc Sablan Member, consists of a basal conglomerate and 
~ 

arkosic sanJstones and rests unconformably on a Precambrian basement. 

Intercalated c?nglomcratic bands are frequent in the lower beds of .this 

member. Thick to medium bedded subarkoses in the upper beds display 

isolated lenticular and tabular cross bedding and abundant trough cross 

stratification.· The upper, named the L'Anse au Clair f'.1ember, consists 

of thick bedded quartzose sandstones and thin bedded subarkoses con-

taining worm burrows. Here, cross stratification is less common than 

in the Lower Member and is mostly lenticular. 

Sedimentary textures and ·structures indicate that the basal con-

glome~ate was formed by a transgres.sion, probably during the early 

Cambrian. The purity of the sandstone and the form of its grains 

" suggests deposition of material which has been acted upon for prolonged 

periods of time, in an environment where currenfS 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 wa~er, 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. 

.. ~ 

' . 



' 

This thesis has been examined and approved by, 

/ 

'-... -. 



DITRODUCT I ON 
Setting 
Gebmorphology 
Topography 
Results of Glaciat i on 
Drainage 
Previous work 
Present study 
Acknowledgments 

• 

CONTENTS 

CHAPTER l' 

CHAPTER I I 
GENERAL GEOLOG:X 

Regio~~ Geologic setting 
Faulting 
Bradore ·Formation 

Blanc Sablon Member 
L'Anse au Clair Member 

PETROLOGY OF THE BRADORE 

\ CHAPTER 

FORMATI~N 
Sampling and Procedure 
Mi neralogy 
Quartz 
Feldspar 

III 

Mica, Chlorite and Clay mineral s 
Accessory min~rals -
Textural Analysis of Sandstones 
Analysis of si~e parameters 
Form of grains 
Matrix and Cement 
Diagenesis 

12 
14 
14 
14 
16 
16 
19 
21 

24 
2£ 
29 
33 
37 

45 
47 
47 
so 
51 
52 
5:2 

. 52 
57 
59 
60 

1 

' 



SEDIMENTARY STRUCTURES 

Introduction 

GlAPTER IV 

Primary Sedimentary Structures 
Cross Stratificat~n 
Ripple Drift Lamination 
Ripple . marks 
Lamination 

Secondary Sedimentary Peatures 
Colouration 
Soft Sediment Folding 
Rain Drop Impressions 
Stylolitic suturing 
Trace fossils 

Problematic Marking~/Features 
Flask-shaped structures 
Dendritic like quartz veining 
Large Scale circular Structures ' 

without Veins 

CHAPTER V 

Page 

66 

66 
70 
71 
72 

73 
74 
75 
76 
76 

79 
80' 

81 

ANCIENT ENV IRONMENTS 

... 

Discussion 97 
Environment with respect to Textural Maturity 98 
Enviropment with respect to Minerai Composition 99 
Environment with respect to Classification of 

Bradore Sandstones 100 
Sedimentary structures 102 
Ferrous staining 103 
Palaeogeography 104 

.-
·• 

\ 

2 

I~~ 

~-



I 
/ 

I 
·~. 

Figure 1-1 

Figure 1-2 

Figure 1-3 

Figure 1-4 

·Figure 1-5 

Figure 2-l 

Figure 2-2 \ 

Figure 2- 3 

Figure· .2-4 

Figure 2- s 

Figur~ 2-6a 

Figure 2-6b 

Figure 2-7 

Figure 2-8 

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 hLmdred feet thick I?radore 
sandstones, conformably overlain by 
the Forteau Formation. East of L'Ans-e 

· au Loup 

Raised strandUnes and elevated rock 
benches exposed in a bay we s t of 
L'Anse au Cl air 

Elevated ro ck benChes in the Bradore 
Formation 

Generalised geologic map of Canadian 
Appalachian region 

Table of Fo~ations 

Geological sketch map of the Quebec­
LabTador area 

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

,Distribution of joints in Pa1aeozoi c 
rocks in the Strait of Belle Isle · 
region , Appendix B. 

Distributi on of JOl.nts in the Pre­
cambrian rocks, Appendix B 

Distribution of joints in the Bradore 
Formation in Quebec-LabrlJdor, 
Appendix B. 

Precambrian gran1t1.c gneiss. dis­
playing fb1iation and boudinage 

Steep eastward · dipping f oliation of 
Precambrian schists and gne isses 

3 

r 

13 

17 

22 

22 

.23 ... 

_25 

27 

30 

32 

llOr 

111 

112 

40 

40 



0 

'-

Figure 2-Y 

Figure 2-1 0 

Figure 2-11 

Figure 2-12 

Figure 2-13 

\ 

Figure 2-14 

Figure 2-15 

Figure 2-16 

Figure 2-17 

Bradore Formation overlying the P~e­
cambrian basement· with unconformable 
contact. 

Unconformable contact between basal 
conglomerate and underlying Precambrian 
gneiss 

Basal conglomerate overlain by fine 
grained weathered sandsto~es, silt­
stones and conglomerates 

Faceted pebbles fro~ · the Basal con­
g lomerate at Blanc Sablon 

l'ihi te coloured, ~~rd quart zose sand­
stone of the topmost bed in the 
Bradore Formation 

Disconformable contact between the . 
For~eau Formation and the underlying 
Bradore Formation 

~ectangular jointing pattern exposed 
in the Lower Forteau Formation at 
Point Amour Lighthouse 

Archaeocyathid reef exposed at Point 
Lighthouse 

Geological map of the thesis area, · 
Appendix H 

Figure 3-la South coast of Quebec-Labrador showing 
sample localities of t he topmost bed 
of the Bradore Formation, Appendix G . • • to 

Figure 3-lp Geological columns and correlation, 
Appendix G 

Figure 3-2 Composi tiona! diagram of the Bradore 
Formation 

Figures 3-3 to 3-16b are · loc~d in Appendix E 

Figure 3-3 ·Distribution of grain paramet~rs i n 
vertical section 

Figure 3-3a Sphericity ·distribution in vertical 
section 

4 

41 

41 

42 

42 

43 

43 

44 

44 

-. 

46 

119 

119 



=- .· 
\~ 

Figure 3-3b 
Roundness distributi on in vertical 
section 

Figure 3-3c 
Distribution o.f percentage quartz 
.type composHion in vertical section 

Figure'3-4a 
Curnulati ve frequency curve_s of the 
Bradore Formatio~ 

Figure 3-4b " " ,· " " " 
Figure 3-4c " " " " " 
Figure 3-4d " " " " " 
Figure 3-4e " " " " II 

Figure 3-4f " " " " " 
Figure 3-5 Distribution of· size parameters in v~rticai section 

' 
Figure 3-5-a' ·Mean size distribution in vertical section 

Figure 3-5b· 
' . Standard deviation distribution 

Figure 3-5c 

( Figure 3-6 

Figure 3-6a 

Figure 3-6b 

Figure 3-6c 

Figure 3-7 

Figure 3-8 

vertical section in 

Skewness di~tribution in ~ertical 
section 

Distribution of size 'parameters 
against location 

Skewness . distribution in the !topmost 
bed of the Bradore Fo~~ipt{ -

Standard deviation distrib~tion in 
the topmost bed of the' Bradore For­
Illation 
! 

r.fean size distribution in the top­
most bed of the Bradore Formation 

I 

Scatter plot of mean size versus 
d¢viation 

Sdatter plot of roundness versus 
sphericity 

..... 
Page 

119 

ll9 

120 

121 

122 

123 

124 " 

" 125 .. 

126 

126 

126 

126 

127 

127 
/ 

/ .. 
127 

127 

128 

128 
c 

/ 
· ...... 



Figure 3-9 

Figure 3-9a 

Figure 3-9b 

Figure 3-10 

Figure 3-11 1 

Figure 3-12 

Figure 3-12a 

Figure 3-12b 

Figure 3-13 

Figure 3-14 

Figure 3-15' 

Figure 3-16a 

Figure 3-16b 

Scatter diagrams of skewness versus 
mean size 

Scatter diagram 9£ sk~wness versus 
'mean size for the topmost bed of the 

- Bradore Fotmation/ 

S'Catter' diagram ·of skewn'ess versus mean 
size in vertical section 

Scatter plot of skewness ve~sus standard 
deviation 

Scatter plot of kurtosis versus standard 
deviation 

Scatter plots of skewness versus kurtosis 

Scatter plot of s~ewness Versus kurtosis 
with parameters derived graphically 

\ r 

Scatter plot of' skewness versus kurt~sis 
with parameters derived by method of 
moments 

Example_ of Jhe proce~re . 'for computation 
of statistdcs from the moments of a 
frequency distribution 

Scatter diagram of average roundness 
and geometric mean size 

Scatter diagr~;8f average sphericity 
and geometric mean size 

--....., 
Scatter diagram of long axis -a against 
sho~t axis -b measured in thin sections 

As above in phi units 

129 

129 

129 

130 

130 

131 

13.i 

131 

132 

133 

133 

134 

134 



figure 3-17 

Figure .3-18 

Figure 3-19 

Figure 3-20 

Figure 3-Zl 

Figure 3-22 

Figure 3-2.3 

\ 
Figure 4-1 

.) 
Figure 4.-2 

Figure 4-3 

Figure 4-4 

Figure 4-5 

Figure 4-6 

Figure 4-7 

Figure 4-8 

I 

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

... 
C~lcite, dolomite cement in uppermos t 
sandstone hei:ls 

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 amount 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 grained 
argillaceous sandstone 

Palaeocurrent data from the £lane 
Sablan Members 

Schmidt net showing 141 poles to 
maximum inclination of cross bedding 

Tabular cross stratification, with a 
planar basal surfafe 

Plan view of a trough cross bed 

Tabular cross stratification 
. J 

. Rippl e drift cross lamination - type A 

Longitudi nal ripple mark 

Lower beds of the Bradore Formation 
displaying horizontal parallel 
laminations 

( " 

•:J 

62 

6 2 

63 

63 

64 

64 

65 

67 

69 

83 

83 

~4 

84 

85 

86 

7 

.·> 



) 

Figure 4-9 
Colour banding with cross lamina~ion 
and concave shaped lamination formed 
by inteTstratal• currents 

Figure 4-10 
Contemporaneous folding expose9 east 
of L'Anse au Clair 

Figure 4-11 
Colour and differential cementation. 
in cliff face, ~ast of L'Anse au 
Clair 

fj gure 4:-1 2 
Quartzitic veins ~ith associated 
colour banding 

Figure 4-.13 Vertical section through the veins 
and circular structures showing a 
sync linal shape 

· Figure 4-14- Large scale colour banding 

Figure 4-15 Vertical Section through the 
s tructure showing continuous 
colour banding from one basin 
to another 

Figure 4-16 

Figure 4-17 

Figure 4-18 

Figure 4-19 

Figure 4-20 

Figure 4-21 

Pink coloured sandstone infilling 

Vertical rock f ace with ab~dant 
cylindrical tubes 

Cylindrical wom .tube with & di a­
meter· of i inch 

Weathered vertical cytindrical tubes 

Scali thus errans on a _bedding pL:i.ne 

Horizontal section thr:ough a worm 
burrow 

Figure 4-22 I Vertical section through. a worm 
burrow 

Figure 4-23 

Figure 4-24 . 

Figure 4-25 

"· 
Fla~ shaped structures on a 
vertical rock face 

Vertical rock · face displayin!\ flas.k 
shaped structures ) 

/ 

Oscillation ripple mark s in the 
Forteau Formation 

(I 

I 8 

8 7 

8 7 

I ' 

88 

\_ 

88 

89 

89 ' 

90 

91 

, 
92 

' ' 

92 

93 
\ 

93 

94 

94 

95 

95 

96 



--......___./--

Figure 4-26 

f-i gure 5-l 

Rain impression s on a sampl e from the 
Forteau r:ormation 

Palacographic map of the Lower C: amhr ±an 
in southern Labrador and north-wcs tcri~ 
~ c~> foundland 

• 

9 

96 

106 



APPENDiCES 

APPEND I X A 

Tab I e I- I Rock Terraces in the Bradore 
Formation 

APPEND I X B J OINTS 

Figure 2-5 Distribution of, joints in Palaeozoic 
rocks in the Strait of Belle Isle 

.region 
Figure 2-6a Di s tribution of joints in the Pre­

cambrian rocks 
F igure 2-6h Distribution of joints in the 

FlraJore Formation in Quebec­
Labrador 

APPEND I X C. STATI STICAL MEASURES 

Formulae for statistical meas ures 
Formulae used in the calculation of cross 

stratification parameters 

AP PENDIX D 

Tahl e 3-1 

Tabl e 3-2 

Table 3-3 

Table 3-4 

APPEND I X E 

.• 

DATA 

Percentage mineral composition 
of the Bradore Formation 
Percentage of quartz type!t-"l.n 
the Bradore Formation 
Grain size parameters of the 
Bradore Formation 
Grain size parameters L bas.ed on 
moi'Dent measures and sr.ape 
analysis. ~ 

PLOTS 

Figures 3-3 to 3-16b, see list of illustrations 

APPENDIX F PA~ONTOLOGY OF THE FORTEAU FORMATION 

10 

.-
l OA 

W9 

110 
). . 

II 1 

11 2 

113 

114 

II S 

116 

117 

118 

119 - 134 

135 



1\I'PENDIX G sdJTII COAST OF QUEBEC-LABRADOR SHOWING 
·SAMPLE LOCALITIES OF THE TOPMOST BED OF 
TilE' BRADORE FORMATION. Figure 3-la 

GEOLOGICAL COLUMNS AND CORRELATION 
Figure 3-lb 

APPENDIX II GEOLOGICAL MA.~ OF TilE TIIESIS AREA, Fig. 2-17 

(Appendixes G (Fig. 3-lh) and II to be f ol,lTld in 
the loose leaf jacket) 

I 

.r 

I 

11 

136 

-·=- \ 

' 



CHAPTER 1 

I NTROOLJCT I ON 

TilE .SETIING 

The area considered in this thesis centres ~d f.orteau, 

Labrador and extends 15 mi_les 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 coJlUIIUJ1i ties 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 peninsula 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 1 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 all 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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• 
GEOMORPHQLOGY 

Topography 

The thesis area is a dissected plateau ranging in height between 

250 and 1,000 feet. The region is bordered largely by coastal eli ffs 

up to about 300 feet in height (Fig. 1-3), and by embayments at the 

mouth of rivers. Highlands, formed from flat.-lying deposits of 

sedimentary rocks, are separated by low lying valleys in which Pre-

cambrian crystalline rocks fre 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 

"' moutonnees, erratic boulderg and valley morphology. Striae found i n 

Blanc Sablan and further west show a south-easterly trend; roches 

.. moutonnees indicate movement to the south east. Erratic bl'bds of 

Precambrian granite can be seen in several places, for example, at 

Schooner Bay and north of fox Cove. 
The val,leys in cross section show 

a broad U-shape and have a vecy 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 

tmde'rbush. 

To the north of Blanc Sablan a remant of a possible bay bar wits 
'•. 

observed. Initially this may have 

formed a dam and resulted in a lake 

• 

cons~,·~ed of glacial moraine which 
\ 

or a ser'h:s of lakes and ponds. 

14 



Now the barrier, surrounded by marsh and bogland, is inco~pl ete and 

crescent shaped with the focal point out to sea. 
The sediment 

shows very good ·-rounding ,and was probably reworked by the sea when the 

latter reached furth e r inland. Eskers can be seen nearby ~nd these 

also show a seaward. south-easterly trend. 

Post glacial features of the area are interesting, givi ng 

evidence for both submergence and emergence. The coastline is 

indented With drowned river Valleys Whi ch run normal to the COast. 

Elevated wave-cut terraces (Fig. 1-5) and raised shorelines occur and 

are interpreted as being the result of uplift .of the coast f o l lowi ng 

the r e.Jlloval of the Labrador ice sheet (Table 1-l), Appendix A). 

Gr~nt (1969) stated that raised strand lines are present up to 500 

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

wave-cut terraces are more pronounced when they coincide with a 

continuous bed, which being both hard and resistant exerts topo­

graphical control. 

Local inhabitants have reported that whale bones have been 

found a considerable distance inland from Blanc Sablan and Forteau, 

suggestive of formerly higher sea lev~ls . They also claim that in 

the past a passage for boats used to exist through the centre of 

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

accumulation include oceanic current deposits, wind accretion of sand 

or uplift of the region caused by pos~-glacial rebound, This is 

diffi cult to verify as no bedrock is exposed under the sand, Large 

boulders were observed in the bay at West St. Modeste and are , 

15 



navigational hazards. 
llowever, local fishermen had been told by their 

ancestors that thi s was not always so, 

In conclusion, th i s part of the Labrador coast exhibits features 

associated with a dr01med coastline that has been emerging si nee t he 
Pleistocene. 

" Drainage 

The lower courses of many streams ar(f characterised by rapids , 

' smal l waterfall s and a series of ponds, suggestive of a drainage 

pattern in early youth. 
Streams draining the inland terrain west 

of Diable Ray frequently form small falls; larger, more spectacular 

fa ll s, can be seen at the northern end of Bradore Bay, where t he 

Bradore Ri ver drains the Precambrian Shield, 
Relatively large rivers 

in the a rea, namely the L'Anse au Clair and Forteau Rivers, flow into 

long coastal inlets and have extensive delta deposits (Fig. 1-2) . 

Previous Work 
j 

In 1860, Lieber made a coastal survey of Labrador, reporting 

little of the sedimentary sequence found in the thesis area, The 

following year Richardson studied and sampled (in Christie, 1951) 

fos s ils from the Cambrian strata. In 1863, Logan suggested that the 

sedimentary s trata whi ch crop out on the northern side of the Strait of 

Helle Isle were equivalent to the Potsdam group of New York. At 

'L'Anse a'Wc Blanc Sablon' he gave a: thickness of 23 1 feet to the 

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

16 
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similar_ strata at Hawke Bay on the southern side of the Strait of 

Belle Isle. Further palaeontologlcal work was carried out in the 

area by Weston in 1872 (in Christie, 1951). Bell, in 1884, made a 

study of the Labrador coast and 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 general 

geological observations. The area was visited by Daly in 1902 and 

ten years later by Schuchert and Twenhofel, whose collection of 

foss_,i.l-5 were described by Walcott (1912). In 1920 Dunbar and 

Lovering carried out detailed stratigraphic studies of the Cambrian 

strata. 

The most compl .. ete description of the regional 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 Dtmbar' s classic description of the' area, but provided 

palaeontological evidence of a Lower Cambrian age for the Forteau 

Formation (verified by the present study). He described outP.iers of 

Cambrian sedimentary strata occurring at Henley Harbour, 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 
"-., ·-..... 

coal had. apparently been seen by local residents in Blanc Sablon, 

Forteau and Red Bay. These alleged coal deposits were investiga~d ~ 

and found to have been mis-identified. 
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In 1967, Fong made an i.ntensi ve study of the Archaeocyathid-

bearing Forteau Formation and briefly described the palaeont~logy, 
,.. _ 

lithology and · envirQnment of deposition of the Bradore. sandstones. l 
·. 

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

.Geological Survey of Canada. D. R. Grant was ;l'esponsible jor studies 

" . of the Pleistocene geology, H. H. Bostock for the Precambrian gneissic 

rocks . and L.M. Cumming for the Pal~eozoic strata. 

Balsam (1970) was particularly -interested· in the palaeoecology of 

the Archaeocyathids and the structure of the Lower Cambrian'· fossil 

communi ties. 

Swett and Smit (1972) made a c~mparative study ot the Cambro~ 

Ordovician shelf facies of western Newfmmdland, northwest ~··cotland 

and .central ea!'lt Greenland. 

Present Study ., _ 

The purpo!!e of this investigation is to inteTJ>,ret the deposi tiona I 

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 observati~ns and mea!'lurements were 

made and the bes~ exposed and most complete sections of the Bradore 

Formation were !'ltudied in detail. Sedimentary features, such as 

various ·kinds of cross-stratification, were noted and photographic . . 

documentation was also kept. Palaeocurrent data were plotted on rose 

' diagrams and on a Schmidt net. 

Aerial photographs at a scale of 1 inch to a mile and a topographi~ 
• 

map at 1:250,000 were, used in this study. Some local name!'! for geo-
"'~ 

graphic features mentioned in this thesis are not shown on the 
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published maps. 
j 

Examination of about fifty petrographic tb{n sections was under-

taken together w-:lth photographic rec<:?rds of sedimentary and diagenetic 

petrographic features. Statistical analysis of petro~aphic 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 

?irections, 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. 

j 
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Figure 1-3. 
(P.. 14 ) 

F:rgure 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. 

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) 
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'Figure 1-5 Elevated rock benches in the Bradore Formation. The contact between 
(P. 15 ) the Precambrian and the overlying sedimentary rocks can be seen at sea 

level near the outer beacon light. View looking N.W. towards Blanc 
S~loo. 
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CHAPTER II 

GENERAL GEOLOGY 

\. GEOLOGIC SETTING 

Williams northern Appalachian Mountain s ys tern 

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 Wes.tern Pl~~ich incorporates 

terrain west of the Baie Verte-Grand Lake lintarnent and has an 
.....___.-

basement of Grenville rocks. 

all the 

exposed 

The basement consists primarily of pink quartzofeldspathic gneiss 

(Fig. 2-7), terned 'Domino gnei~' by Leiber (1860). Pink biotite 

'" 
granit'e and sheared and foliated . gnei~s also occur, the . latter being 

cut by numerous pegmati tic and aplitic veins. The gneiss passes into 

homogenous gr:anite making it difficult to differentiate between the 

two in the field. 

The Precambrian basement crops out at ' Blanc Sablan, and at Lourdes 

du Blanc Sablon, as wel_l as it)· the valley floors at Forteau, L'Anse au 

Loup and Diable . At Bradore (Fig. 2-8) it consist~ ~f pelitic and 

semi-pelitic schists with a pronouuced fo)iation dipping steeply to 

the east. Towards Blanc Sablan the attitude of the foliatian decreas,es 

and becomes less di~tinctive. Kranck and Christie (1951) suggest that;· 

grani tization of banded sedimentary formations accounts for the deri-

vation of some of the rocks in the area. 

Hornblende gneiss occurs to the northeast around Di able Bay and 

L'Anse au Loup, and is dark in colour. 
~ 

Betz ·(1939) · thought that the 
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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 St;l-ait of Belle Isle on the 

no!thern peninsula of Newfoundland they are faulted and can be -~ced 

laterally into metamorphic rocks which probably constitute a klippe 

(Lilly, 1967). Local basalt flows at the base of the LOwer Cambrian 

have been . reporte? by Clifford l(l965) in Newfolmdland and by Christie 

(1951) and Williams & Stevens (1969) on Belle Isle, Table Head, Henley 

Harbour and St. Peter Island. 
·'!' 

The flat-lying. sedimentary sequence in the thesis area comprises 

• two formations (Fig. 2-2); the underlying Bradote Formation, consisting 

of sandstones and ~onglomera~ic bands, and the overlying Forteau 

Formation, consisting of shales ~d limestones. the eastern side of 

Newfoundland's northern peninsul~, Betz (1959), re ognised a basal sand-

' slfne sequence below the· Forteau ~ormation which h named the Cloud 

Mo~tain Formation. I 
The red arkosic sandstones ~ COQglollerates f the Bradore For-

mation lithologically resemble the' Double Merr sand tones which crol> otk 
I 

on the north shore at Lake Melvil~e (K~anc~, 1953) t . The sandstones 

of the Bradore Formation together ,with the :Forteau! F~rmation have ·been 
i \ 

termed the 'Labrador Series' by Sthuchert and Dunbr r CI934). 

~I 
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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 ts exposed on the highlands and down-faulted blocks can be found at 

sea level, for example at L'Anse Amour. Pong (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 (Pig. 2-14). Above this are 

Archaeocyathid reefs which consist of attached and fallen archaeocyathid 

colonies, together with fossiliferous, clastic lt.estones (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 of 180 feet in the thesis area, the 

Forteau Formation apparently thickens eastward wi th a reported thickne~s 

of 386 feet in the highland of St. John (Schuchart 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 seen just south 

of the hospi tal at Lourdes du Blanc Sablon, with the downthrown side 

to th~ north and vertical displacement of approximately 150 feet. 

Faults at .L'Anse Alllour are downthrown to the south and as a result the 

Forteau Formation now crops out near sea level. Nuaerous small dis-

placements can be seen in the horizontally bedded ,strata, and can be 
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• 
easily traced as lineaments on aerial photographs. 

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

northe~st 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 Precamrian set of faults. It may have been contemporaneous 

• r 
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 ~ses 

l separated from one another by narrow valleys, exposing denuded gneiss. 

''· '',"-,_ They are exposed along the coast., fro11 west of the Quebec-Labrador 

'·,,~rder to West St. Modeste (Fig. · 2-3) and dip gently (1-3 degrees) 
'·-...._ ....... 

seaward .. t"O---.t:):l.~ southeast . 
.............. .... 

.. 

I 

/ 

-....... The Bradore Fo~ion bas ··- been subdivided by the author into:-

(1) a Lower Mellber niUIOd the Blanc Sablan Member, which 

includes a basal conglomerate, thin interbedded siltstone 

and cor\glomeratic beds, with overlying red arkoses, and 

(2) an Upper Meaber named the L'Anse "BU ClatT MembOT, with 

mainly quartzose . sands tones and subarkoses. 

The bO\Dldary betwe~he two members B transitional. 
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Stratisraphic Thickness 
' ( 

The Bra4ore Formation thickens from 220 feet in its type 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 Canada Bay has been 

given as 585 feet (Betz, 1939) and an apparent maximum thickness of 

2, 000 feet is revealed in the is 1 an~s east . of Cape .Bauld (Tuke, 1968). 

The general geomet~ of the formation is a w~dge of sandsto~e, thicken-

ing both east and north eastward (Fig. 2-4). 

Outliers of sedim~n~s, possibly of Cqmbrian age~ occur inland 

beyond the ten mdles average width of the main outcrop. Some can be 

seen in aerial photographs to be associated with lineaments, assumed to 

he faults, which bting up sedime~ts against basement. The sedimentary 

sequence was therefore probably preserved by being downthrown relative 

• • to the Precambrian. Other occurences are at Henley Harbour, St. Peter 

Islands and Table Head, all further nort~ along the Labrador coast 

(Christie, 1951). No evidence was found to i~dicate a westward 

thickening wedge and the outliers are likely to indicate the proximity 

of the coastline during deposition~ 

Contact · Relationship and Age 

The iower boundary between the Bradore Formation and the crystalline 

basement is sharp 8Jid be~t exposed southeast of Blanc Sablon (Fig . . 2-9 

and 10). Fossils have not been found at this level but however the 

noteworthy relief on this contact surface indicates the Blanc S&blon 

Member to be of Lower Cambrian age. 
I 

___ ...... ___ _ 
··· ... . 
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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-lb, Appendix G) . 
.. ~ 

At Blanc Sablon (fig. 2-14) the upper contact between the Bradore 

I sandstones and the overlying limestones is sharp and separated by a 

thin bant of conglomerate, possibly i 'ndicating a disconformity, and 

marks a ~nor depositional break. frequently interbedded with the 

conglomerate are lenses of fine grained, argillaceous sandst?ne 

(Fig. 3-23). The conglomerate was observe4 in a cliff face directly 

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

of Schooner Cover. Elsewhere in the thesis area erosion and vegeta-

tion obscure the contact. On Belle Isle a conformity or slight 

dis conformity has been reported between. the Bradore and F.orteau 
0 

/ 'Porinations . (Williams, 1969), suggesting deposition of sends followed 

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

ero~ion; 

Blanc Sablan Member 

Basal Conglomerate .: 

The basal bed is a greyish green, coarse conglomerate, with an 

I observed maximum thickness of 27 inches at Blanc S~lon and a mean 

thickness of 4 inches. The ~onglomerate consists mainly of pebbJes 

of quartzite with lesser granite, gneiss and chert. All are very 

well rolmded. 
~~ \ 

The grolmd mass · is grey in colour and made up of 80 

to 90 percent quartz, with smaller amotmts of .f.ldspar, mica and 

occasional magnetite, bo\Dld together by a siliceous cement. . Feldspar 

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

jr -
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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 is a · loosely consolidat~d conglomerate, 

dark red in colour due to secondarily formed ferric oxide. Magnetite 

and hematite are both fairly abundant in the matrix. The pebbles are 

• 
mostly quartz an~ quartzite, a number of.which display 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 ·.run from the apex to near the basal face, on which facet 

they become more rounded and smooth. 

Origin of the Basal Conglomerate 

The almost flat arid extensive pre-Bradore topography was prob~bly 

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 daring rock decay resulted to some extent 

in leaching of the upper. parts of the granite gneiss complex. 
~ 

. Formation of a 'pebble sheet' of material, resting on the bedrock 

continued until waves and current! were tmable t ·o transport the 

larger particles. This may have been caused by land subsidence and 

subsequent deeper water conditions, for a covering of finer material 

is present above the coarser pebble -band. In a normal tr&Rsgression 
\ 

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

size on ascending the succession. Howe~er, minor regressions must 
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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 pieces of rock, broken off 

by mechanical weathering, but too heavy to be transported by the wind. 

Alternatively, a rectangular or rhombohedral pattern in the source 

area could have influenced the formation of faceted pebbles, although, 

the ones observed did have rough basal surfaces and considerable 
.. 

rounding along their edges, (Fig. 2-12). 

The types of quartz and quartzi tic pebbles found in the quart zo-
I 

feldspathic groundmass do' not indicate a definite source or enviro~ment 

as irregular deposition of both rounded, egg-shaped and fragmental, 

angular peebles 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. tr!plsportation processes prior to transgression 

which, together with the absence of finer materials may well imply 

that the weathering g»avel was thicker than is now represented by the 

basal conglomerate. 
": 

Arkosic Sandstones 

The arkosis sandstones of · this member are exposed throughout most 

of the ar~h good se~tions observed on the eastern side of Bradore · 

Bay, near the contact with the Precambrian basement, and in the coastal 

.,,/ / cliffs at Bla!lc SabJon. 

~' 
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The arkosic sandstones are fine grained (Wentworth scale) im-

mediately above the basal conglomerate (Fig. 2-11). One or two feet · 

higher up the ~uccession, gravel size layers occur and the size range 

is more variable (Appendix D). 

Arkosic sandstones containing abundant relatively fresh pink 

feldspar grains are co.DDDOn, with frequent and extensive .thinly bedded 

conglomerates . Intercalated with these conglomeratic bands but 

re1ativeJy rare, are g~ey and greenish coloured siltstones, which 

present the only abundant argillaceous material throughout the formation. 

They are comprised of .quartz and feldspar~ together with muscovite, 

sericite and frequent;ly an abundance of kaolin~ te.. The lower beds with 

abundant cross stratification differ from the thicker bedded, (i.e. 
c 

up to 4 ft) more · quartzose sandstones, higher up the succession. 

The high concentration of relatively !res~ feldspar 'in the beds 

immediately ~ove the basal conglomerate aay be interpreted .as being 

derived from a proxim~. source or an indication of sltght chemical 

weathering, such as in an-.. ~rid environment. Quartz . ~ns, if' .wind 

. ""' blown and in an arid chmate )(ould become well :rounded. 
. ' 

.... 
The arkoses foraed during the -transgression of the Cambrian sea by 

the washing and sorting of the weathering products·which covered the 

l~d surface. This resulted in a marked roundness of quartz grains 

and the lack of fine grained argillaceous material. 'A _s~rong current 

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

b~al coarser materials .have to some extent protected the lower parts 

fro• extensive reworking to give thin silts tone beds.. The lower b~ 

were probably formed on an open · shore, where waves could freely~ 

. .. 

. 
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arrange<the weathM"ing products. The rarity of clay minerals could also 

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

be bri,ken down int9 powder and winnowed away (Holmes, 1965~. 

,r-"' 
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- lb, Appendix G). 

This vertical transition from arkose to sub arkose can be followed 

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

elude an increase in roundness, 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 and Forteau, a fine grained, (Wentworth .scale) pink 

·/ arkose laterally passes into a white quartzitic sandstone. This 

·) 

cb.ange can only be observed at this locality in the topmo~t bed, which -

immediately underlies the Forteau Formation and elsewhere the topmost 
i 

I 

bed is consistently coarse ,grained. 

Quartz, both primary &hd secondary, is dominant . The latter may 

be in such abundance that pores are completely filled, forming an inter-

locking texture. Feldspar is al110st totally microcline. Glauconite 

i s present mostly in the topmost bed iJIIIDediately below the Forteau 

Formation, together with small quantities of chlorite and accessory 

minerals. 
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~ In several localities a calcareous and/or dolomitic cement is 

present in the sandstones. Its restricteG.-·occurrence in th~ oeds 

iuunediately below the Forteau Formation suggests it formed by per-, 

·colating water from stratigraphically higher limes tones. 

Origin and Fonnafion 

There are several probable explanations for the vertical and-

lateral changes in lithology:- a different source area or a more 

protected part of the shore could well account for l~teral change; 

a transgression may cause vertical gradation. 

Beds of uniform t~ickness (1-4 ft) 1 with little variation in 
I; 

grain size (Appendix D), suggest that currents did not undergo 
' 

strong changes charactl'eristic of many open shore _ regions. 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 

land surface which was strongly denuded, forming a flat peneplane 

with localised thickness and lithological variations caused by 

nondeposition, relatively excessive deposition. or erosion and 

reworking. 

The relative lack of feldspar (less ·than 10%) in 'the sandstones 

compared to the lower beds could indicate prolonged themical 

weathering and eros~on, . or,. winnowing by currents, Deposition 

during this current activity "as indicated by cr6ss stratific,Jllion 

would result in the majority of feldspar bei~g broken down and 

washed away, so that the low proportion of mjcrocline perhaps gives 

little indidation of the feldspar content of the provenance, 
~ \ 
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The co.-position and lithological changes in these higher beds 

from the Lower Member, together with less abundant wonn burro~s 

would appear 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 (Schuchart and Dunbar. 1934). 

Hallam and Swett (1966) in describing trace fossils fr011 the lower 

Camb:aian Pipe Rock in the north-west Highlands of Scotland 

interpret similar sedbent 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 fossi 1 Scoli thus errans was observed, preserved in 

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

Formation at Lourdes du· Blanc Sablon (Fig. 4- 20) . 

• 
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Figure 2-7. 
(P. 24) 

Figure 2-8, 
CP. 24 J 

Precambrian granitic gneiss displaying 
foliation and boudinage, Blanc Sablon. 

Steep eastward dipping foliation of Pre­
cambrian schists and gneisses, Bradore Bay. 
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Figure 2-9 
(P. 31) 

Figure 2-10 
(P. 311 

The Bradore Formation overlying the Pre­
cambrian basement (foreground) with uncon­
formable contact at Blanc Sablan. 

Unconformable contact between basal con­
glomerate and underlying Prec~mbrxan gneiss. 
Blanc Sablan. 
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Figure 2-11. 
(P. 36) 
Basal conglomerate 
the Bradore Formation 
overlain by fine 
grained~ weathered 
sandstones, siltstones , 
and conglomerates. 
Blanc Sablan. 

jll ~1M I !111111111!11 ~ 111111!1111111111 i lllllllljlllljlllljlllljlllljlllljlllljlllljlll I 
0 1 2 3 4 ~ 5 7 8 9 

F±gure 2-12. 
(P. 35 ) 

Faceted pebb es from the basal con~ 
glomerate at Blanc Sablan. 
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(b) 

(c) 

Figure 2-13. 
(P. 37 ) 

Figure 2-14 
(P. 33 ) 

\~ite coloured, hard quartzose sandstone of 
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. 
LtAnse au Clair. 

• 
(a) Disconformable contact between the 
Forteau Formation and the underlying Bradore 
Formation, exposed at Blanc Sablan, 
(b) Note the basal dolomitic beds of the 
Forteau Formation. 
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Figure 2-15 

figure 2-16 
(P. 28} 

Rectangular jointing pattern exposed in the 
lower Forteau Formation at Point Amour 
Lighthouse. 

Ar.chaeocyatl).id reef exposed at Point Light­
h.ouse. · Note trans±t.i:on to thinner bedded 
shales and limestones at base and sides 
of reef. 



OiAPTER III 

PETROLOGY OF THE BRAOORE FORMATI(N-- ----...._ 

Saqlling and Procedure 

Rock samples were taken throughout the Formation and their 

stratigraphic locations are shown in Figures 3-la and 3-lb (Appendix G) 

Fifty thin sections were cut and studied petrographically in order to 

dete:nnine both vertical and lateral changes in lithology. Analysis 

of composition was made by traversing across a slide and counting 
.: / 

1 1 000 points on an automated point counter at . certain intervals. 

These were determined in order to ·take into account as much of the 

slide as possible. Size measurements were determined for 100 grains 

from each slide. For each grain the largest diameter (the 'A' -

diameter) and the maximum diameter perpendicular to this (the 18-' 
~ -. 

diameter) were noted. Measurements taken were established into 

reasonable groups to facilitate subsequent evaluation. Conversions 

to the phi scale were made in order that comparisons with standardised 

models could be made. 

Fifty randomly quartz grains were studied in e·acl\. thin 

section for de""nllinat ion of roundness. A similar mmi>er were used 

in the determination of quartz composition~ A final depositional 

and diagenetic il'),terpretation was based both on visual observation 

and co~arison of table and graphic charact&1;-i'9tics to standardised 

models. 

Plagioclase visqally appeared to be absent and was subsectuently 

proven so by a feidspar staining technique 1 based upon the method 

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

co~leted on three suples 1 two froa the b~al 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 (20/505) to prove the 

presence of glauconite, 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 water. 

Fractions were then 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 

abund~ce and occasionally preqominates over quartz. The most coJIDIIOn 

form of feldspar occurring in these pink arkoses is microcline. 

Other minerals present can be classed as accessory compqnents, 

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 

Methodology 

Blatt and Chrrstie (1963, pp. 560·564) in their review of quartz 

• classifications concluded that to subdivide undulatory quartz
1

on the 

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

J 
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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 type~ was used : 

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

extinction upon very slight rotation of a flat microscopic 

stage. 

2. 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. 

---Observations 

The location of samples taken throughout the Bradore Formation is 
~ 

s~own in Figure 3-lb (Appendix G). The quartz content of all samples 

taken averaged 77.5 percent. For the topmost bed, immediately under-

lying the limestone sequence, the average percentage of non-~dulatory 

quartz in the total quartz·is 80 percent compared to 53 . 8 percent for 

samples taken throughout the vertical stratigraphic succession 

(Table 3-2, Appendix D). These values app~ar unduly high (cf . Blatt 
,. 

and Christie , 1963, page 569) and may be due to the difficulty in 

d~stinguishing differences in interference tint, when the two axes 
• 

c and c' have the same trend in thin section but different angles of 

pltmge. A trend can be observed in Figure 3-3 1 where the basal beds 

of the Lower Member have a higher percentage of ·'~dulatory 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 

~. ··r~·· 
~:.rt ·_ . . 

sandstone' of .. 
the Bradore Formation and the orthoquartzite! of the · Pots<Wm 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. 

Interpretation 

Folk (1956) and Potter and Pryor (1961) concluded that chert and 

polycrystalline quartz are rare in or~hoquartzites. This is true of 

the sandstones examined in the present study. Blatt and Christie 

(1963) observed a relationship between potrcrystalline and non-

undulatory quartz and stated that with an increase in 'mineralogic 

maturity', polycrystalline grains are 1110re readily eliminated than 

monocrystalline grains. 

Blatt and Christie (1963) refer to the dtf{erences in stability 

of the three types of quartz grains and observe that they may he 

correlated with the amount and type of transpOTt the grains have under-

gone, or the number of sedimentary cycles through which they have 
. .. 

passed. The mineralogic and textuial maturity of the quartzites from 

the Brado~e Foraation, derived from the t.mediate underlying Precambrian 

basement, therefore suggest that probably more than one cycle has occurred 

for the Bradore sandstones. The JIOre likely alte:rnative is that pro-

longed transport and/or wa·shing has taken place. 
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Conolly (1965), studying quartz types in sandstones, observed 

that with a decrease in grain size there is a corresponding decrease 

in polycrystalline quartz content. · When this is low the amount of 

tmdulatory quartz also tends to be' low. 
c· 

Both these facts agree with 

the presen~ study. lie states that sandstones near the base of a 

succession have percentage compositions of quartz types that approxi-

mate the source rocks and ack'nowl~dges 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 necessary. 

In the case of the Bradore sandstones the underlying complex, with 

its deformational history, contains a high proportion of undulato~y 
I 

quartz. ~suming that the Bradore Formation has not undergone any· 

deforaation which coul.d affect quartz type, the topmost, thick bedded 

sandstones a•e more mature than the underlying sands~ones. Both the 

fine grain size in these beds ~d the dominance of non-undulatory 

quartz indicate their probable depositional environment. It seems 

fair to conclude 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. 

Feldspar 

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 -(orthoclase ·and 
I 

microcline) . The abundance of feldspar in this basement complex , 

I 

...... . ·. 
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results in a high feldspar content in the lower parts of the Bradore 

sandstones. The unusu~l high feldspar content (17.357.) i n the topmost 

bed of the Upper Member (Tab}~· 3-1, Appendix D) either signi fies a 

different source area or probably sand deposition under fairl y 

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

Mica, Chlorite and Clay Minerals 

Detrital grains. of muscovite and chlorite, were observed in the 

sandstones as minor constituents (Figure ·3-19). An exception was 

observed in the basal beds where the feldspars appear to have been 

kaolinised and muscovi tised. 

Two fractions from a basal sample were taken; on~ was heated at 

SS0°c . for one huur and the other was treated with ethylene glycol 

0 vapour for twelve hours at 60 C. 
Diffraction patterns were run and 

revealed both strong 7 and 10 A peaks. 
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 kaolinite (Molloy and Kerr, 1961). 

l]le 10 A peak appeared unaffected and supported petrological 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 reflect ion at 10 

angstroms (A), typical of glauconite and micaceous material. Very 

.little .of the latter was observed petrologically in this Srutlple and 

thus the 10 A peak is unlikely to be that of the illite group. Green 

coloured pellets were initially presumed to be glauconite and the above 

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

I' 
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temperature of SS0°C. and the sample was rerun. The re~ul ts showed no 

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

duct ion of a 14 A peak, w1 th a disintegration of a former 7 A peak, was 

identified as chlorite . 

Accessory Minerals 

Small amoWlt 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 

samples (15/435, Table 3-1, Appendix D) contained abundant reddish 

brown coloured aeedles of rutile (Figure 3-20), .together with opaque 

minerals and was probably formed during diagenesis. Apatite and 

zircon occur frequently as inclusions in quartz grains. 

Zoisi te was notably coDUDOn in one s~le comprising approximately 

5 percent, and was probably derived from crystalline schists or from 

saussuritlzation of lime soda feldspars (Milner, 1962). 

Opaque Jrlnerals which occur throughout the se~uence were identified 

as mo~tly •agnetite and hematite. Oxidation of the latter is the likely 

cause of the red colour staining which is abW\dant in these sandstones. 

Calc'ite 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 Analysis of Sandstones 

Analysis of Size Par&Jieters 

Cumulative curves were constructed using the percentage values 

obtained from the measuring and grouping of the maximum 'A' diaDeters of 

the quartz grains (FJ.gs. 3-4 a-f). . The curves are mostly noTJRal indi-

I· 

eating a \Dlimodal size distribution from which various parUiflters can be 
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calculated. Frequently coJliPlicat~d variations arise i:n the form of 

bimodal distribution (Fig. 3-4a) where a coarser fraction is present. 

This could be caused by .a slight increase in transportation power and 

subsequent deposition of a coarser layer of material. However, if 

both modes were homogenous, rearrang~ment of material during deposition 

could not have been completed, otherwise 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 int<> deeper water 

tmder certain condit'ions (Hadding, 1929. p . l3) • . Deposition of coarse 

together with finer sand grains could be caused by the latter being 

carried by the larger grains or dragged along in their wake (Ibid). 

The medilDll diameter differs considerably 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 from 

one specific point on a cumulative curve; therefore, in this study 

graphic mean is used in the plotting of scatter diagrams. 

' 
The basal beds of .the Lower Member are of larger ·grain size than 

those higher up the succession; a vertical profile can be seen in 

Figure 3-Sa, and tabulation of data in Table 3-3. Appendix D. This 

trend is significant of a transgression with maturity increasing on ~ 

going up the succession; the upper beds were thus deposited further 

away from the source area. ........_ 

The avera~e ~raphic mean for all thin sections measured was 

0.6931 ~ which is . . classified a~ coarse sand on the Wentworth scale. 

The topmdst bed has an average of 0.9979 ft' which can almost be termed 

' . 
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medium sand, and samples taken throughout· the vertical succession 

(Fig. 3-lb, Appendix G) have an average of 0.3881 0, much coarser sand. 

Individual samples range from -0.8667 0 (very coarse sand) to l.2167 0 

(fine sand). 

Along the coast section the sandstones in the topmost bed show a 

vague decrease in size toward the east (Fig. 3-6c) which is probably 

again related to distance from source; current studies and subsequent 

determination 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 maxilll\JIIl 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 deviation gives a more accurate overall picture of sorting. 

The scale fir this ranges from Wlder 0. 35 (very well sorted). to over 

4.00 (extremely poorly sorted). Using this classification, the 

Bradore .sandstones are cl~ssified as moderately _sorted with a mean value 

of 0.6636 and the topmost \>ed (0.5246) is better sorted .(Fig. 3-22) 

than samples taken from throughout the vertical stratigraphic succession 

(Fig. 3-lb, Appendix G) which give a value of 0.8025. Vertical and 

lateral trends can be seen ip figures 3-Sb and 3-6b. Better sorting 

' and less variability occurs from west to east whereas vertically, 

· basal beds formed at the commencement of the transgression, ~re fairly 
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well sorted but give way to poorer sorted, j:ntel'JIItttent 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 coincid~s with the 

prominent mode. This occurs at approximately 1 ~ and a possible 

secondary mode at 0 ~. Samples from the vertical section reveal two 

more distinctive--modes: a coarse one at -().;30 --· and a finer one at 

1. 30 ~. ··w~_yre the two become mixed the sorting deteriorates and 

highes·t deviation values of over 1.00 are recorded. 

A vagu,e sugg~stion of a t'hird, much finer mode, for the topmost 

. bed may be present at 2.4 ~. 

Skewness 

Using Folk and Ward 1 s derivation and expansion of Inman 1 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 imalanced 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 symmetrical in size distribution. No significant trend. can be 

seen either throughout the vertical succession or in the topmost bed 

(Fig. 3-Sc). Latetally there i~ a trend in the sandstones to become 

more positive~y skewed going from southwest · to northeast (Fig. 3-6a}. 
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Mean 

The majority the samples from the topmost bed provide a normal 

curve (Fig. 3-9a and 3-9b), with :a few exceptions of negative 5kewness 

resulting from the presence of a coarser fraction. The vertical 

sequence gives a more random distribution 4ue to a larger quanity ~!. 
\ 

coarser material b~ing present. No definite trend can be observed 

in the latter. 

Standard Deviation versus Skewness 

The topmost bed can again be differentiated 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 sorting. Samples taken throughout the. 

vertical succession of the Bradore Formation reveal a more dispersed 

grain size distribution which is slightly negative.ly skewed. 

Kurtosis 

The distribution of graphic kurtosi5 values is nearly normal, with 

a mean of 1.047 (correspondipg to K
1

, = 0.511). The range of values 
. 

is from 0.800 to 1.401, with approximately equal 

platykurtic and leptokurtic saapl~s. 

Standard Deviation versus Kurto5is 

Scatter points tend to cluster around the normal curve value for 

kurtosis (i.e. 1,00) and the only differentiation is again based on 
r- ', 

sorti ng (Fig. 3-11). 



.. .-
" Skewness versus Kurtosis 

The majority of S8J11>les, taken from both the vertical sequence 

and laterally along the topmost bed, form scatter points which fall ., 
within the limits of a noi'IIlal. curve (Figs. 3-12a and 3-12b) • 

. Therefore, they have symmetrical distribution and can be seen to be 

slightly negatively skewed. 

Methods of Moments 

A more exact method of obtaining statistical parameters is the 

co~utational method of momen.ts, in ~hich results are affected by the 
I 
i 
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distribution over every part of the ·CUBiulative frequency curve and n?t / 

just by specific ranges taken between certain poin-ts. Determination 

of these was carried out by the setting up of 1 phi classes and com-

puting moments on the basis of Griffith's proce~ure (1967) as shown in, 

Figure 3-13, Values were then liste'd .(Table 3-4, Appendix D) and 
' . t 

plotted as a check on graphic par~ter diagrams. 

Foim ofi Grains 

Roundness 
I 

Grain shape in thin section "'sf co~ared visually to standard 

' photographic charts by Powers (196~. This procedure was prefe.rred to 

Knmi>ein's (1941) because of its q~ickness and S~IIIPlic'ity. A perfect 

sphere has a value of 1.0, witll mo!lt sand grains haVing roundness 

values of 0,3 to 0.4. Disadva,nta.es in the met,hod include personal 

prejudice and determination of the : original grain boundaey if 

authigenic 11aterial is present. 



Results were ,listed (Table 3-4, ·Appendix D) and plotted as a 

scatter diagram of roundness versus mean diameter (Fig. 3-14). A 

random 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 in 

vertical profile, the trend is for the grains to become more rounded 

on going up the succession. 

Sphericity 

Two axes were selected for measuring sphericity in thin section; 

the maximum diameter, the a-diameter and the largest diameter at right 

angles to this, the b-axis, Sphericity was then expressed as a ratio 
'\. 

of these, that is b/a (Griffith's, 1967). A value of over 0. 75 wou1d 

therefore giv~ a very equant grain and below 0.60 a very elongated grain 

(Folk, 1968). Using this, the Bradore sandsto~s are of the inter­

mediate type with a b/a value of 0.6906, 

When plotted against mean diameter (Fig. 3-15) the grains in the 

topmost bed are more equant than those in the vertical section. The 

vertical· trend can· be seen in Figure 3-3a, where the values qf 

sphericity inr.rease on going up the succession, with the exception of 

a sample from the basal beds., Its sphericity value of 0.7+ ~obably 

signifies local deposition of a less ·-forceful nature during the trans-

gression. 

In the scatter diagrams (Figs. 3-16a and ~-16b) of long versus 

short axes, a linear trend can be interpreted to be the mean ratio of 
• 

the two axes in the sandstones, that is b:a equb .1,0;1.5. -, 

• 
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Sphericity versus Roundness 
.,. 

A scatter di_agram of readings from the vertical succession 

results in a cluster of high sphericity to high roundness values. A 

few value plots only give poor rounding with high sphericity. A 
A.-

linear trend indicates that with an increase in ~pher~city there is a 

corresponding increase in roundness but as sphericity shOws less 

environmental sensitivity than roundness these rates of increase are 

not the same. 

Matrix and Cement \ 

Littl~\matrix is present (Table 3-1, Appendix D) in the majority 
I 

\ 

of the sands~nes. Where altention 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 c~prises the matrix and is frequently 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 mus~ovite, sericite and kaolinite bend round the quartz 

grains and generally tend to parallel the bedding. 

Glauconite, chlorite and accessory minerals of zircon, tutile and 

tourmaline can be found in the matrix in small quantities. 

The cement con~sts of quartz and/or iron oxide. Silica cement 

occurs as secondary growth on the quartz grains (Fig. 3-17) and 

occasionally as ~ine crystalline matrix between them. Sutured contacts . 

between quartz grains in some samples suggest that this secondary 



, 

growth ha·s b'een accompanied by solution... The original grain boundary 

is sometimes diff_icul t to distinguish but is frequently defined by 

hematite-limonite coating and/or inclusions in the primary grain. No 
I . 

secondary enlargement was seen that occurred prio.r to deposition 

suggesting the quartz to be of f~rst cycle. 

Limonite and hematite cement occur on the surface of the grains 

and in ·pores. Their origin is most probably by depositiort 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 of laminati-ons and 

banding of variable thickness and number. At other. times it can be 

uniformly located throughout the sandstones and is one of the causes 

of the red colouration, typical of the Bradore arkoses. 

Colour in the Bradore sandstones depends upon the presence or 

absence of feldspar and iron oxide. If both are absent the sandstones 

are much p~rer and tend to be white in colour. The green colour of 

~me of the basal beds is ' derived .from chlorite and kaolinite, whereas 

higher up the ~uccession glaucenlte and chlorite give the rocks a 

greenish tint, unless masked by the red colour of feldspar and ferric 

oxide. 
r · 

Diagenesis 

cement. Leaching, that is t removal of salts, and compaction 

The most noticeable efftt of diagenesis is the formation of 
/ 

occurred after deposi;~n. ercolation of water from the over~ying 
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Forteau Formation resulted iq the secondary deposition of calcite 

and dolomite in some parts of the uppermost sandstone beds of the 

L'Anse au Clair Member, (Fig. 3-18). 

The san'dstones have undergone only shallow burial with diagenetic 

reactions occurring at low p~essures evidenced by lack of deformation ~ 

and little interpenetration of quartt grains. Develr;>pment of 

aut~igenic quart~ a~ secondary rims on detrital grains occurs and 

together with the primary quartz is not replaced by carbonate except 

in the topmost beds. 

Authigenic quartz is common. This is identified by a nucleus . 
-

with inclusions or having been altered and so contrasting -with ~nclouded 

secondary overgrowths. Secondary feldspar is a low temperature p~oduct 

(Pettijohn, 1957) and ip the Bradore sandstones is probably of con-
t ' 

temporaneous, post consolidation origin. The environment of formation 

for such secondary feldspar is most probably marine (Ibid). 

( 
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Figure 3-17 
(P .59 ) 

Figure 3-18 
(P. 611 

--

Photomicrograph~ Sandstone with secondary 
quartz showing well rounding of the grains 
prior to secondary deposition. Transmitted 
plane polarised light, x 10. Sample No. 
15/4310 (re ·F.ig . .3-24, Appendix G) . 

Photomicrograph, Calcite/d olomite cement in 
uppermost sandstone beds. Well rounded 
quartz grains with authigenic feldspar. 
Transmitted polarised light. x 10. Sample 
No. 15/411 (Te Frg. 3~la, Appendix G). 
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Figure 3-19 
(P. 51) 
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Photomicrograph Concertina shaped muscovite 
accompanying abundant matrix and undulatory 
quartz from the basal beds~ Transmitted 
polarised light, x 10. Sample No. 15/437 
(re Fig. 3-lb, Appendix G). 

~. 

I .. , 
~ -~~~ ·~ 

.·_ r (;J!'I ,. ~ .. 
__ ,. . . . ~ 

rl ·~- •• . _.;: -:.-... 

.-

....... -. _, 

. . 
.... t •• 

' 

1- - -- -~-

F:rgure 3-20 
()?. 52) 

Photomicrograph Rutile and opaque minerals of 
magnetite., hematite, and limonite from the 
hasal beds. Transmitted non polarised light, 
x 10. Samp~-e No. 15/435 (re F::ig. 3-lb, 
Appendix G)~ 



Figure 3-21 
(P. 33 ) 

Figure 3-22 
(P ·54 ) 

- ..., 

Photomicrograph,coarse conglomerate from the 
basal beds showing subrounded grains and poor 
sortinge Transmitted polarised light x lo 
Sample No. 15/4310 (re Fig. 3-lb, Appendix G). 

Photomicrograph, well sorted, frne grained 
sandstone from the topmos-t bed with a relative 
high amount of feldspar. Transmitted non 
polarised lighto Sample No. 20/5113 (re 
F1g. 3-lb, Appendix G). 
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Figure 3-23 
(P. 33 ) 

--.. 

Photomicrograph x 10 showing contact between 
the coarse interlocking te.xture 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. 



CHAPTER IV 

SEUIMENTARY STRUCTURES 

Introduction 

Exposure along the coast' and to a lesser extent inland, provides 

easy 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 impressions -~d problematical 

markings. 

Methodology 

Trace fossils provide evidence of organic activity. 

Primary Sedimentary Structures 

Cross Stratification 

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. Tabular bodies with planar contacts (Fig. 4-3). 

The azimuth of the long axis of trough cross bedding (i.e. 

parallel to ab) was 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 ~d plotted as sub areas 

(Fig. 4-l) in which measures of centtal tendency were calculated as 

the midpoint of a modal class. and ·also $as the vector mean (Appendix C). 
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MaximUJII dip and azimuth of foresets of tabular and lar.ge scale 

trough cross bedding were plotted on a Schmidt stereonet (Fig. 4-2 ) as 

poles to bedding. 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 bed~ of the Bradore Formation where the structures are 

exposed in planview on many bedding surfaces, whilst those of larger ·-

sca~e trough bedding and tabular cross bedding were taken throughout 

the vertical sequence. 

Descript~on / 
/ 

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 thinner 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 11 inches, termed as flaggy by 

~tcKee and Weir (1953). 

·Interpretation 

Combining all ·488 field measurements on a rose diagram reveals 

three modes (Figure 4-1). Tanner (1959) states that moddl vectors are 

more significant than vector s~use of the separation of individual 

directions. Differences between the two can be seen in Figure 4-1 

where the modal vectors provide a more explicit .picture, 

The polymoda1 nature of the trough beds gives modal vectors of 

075°, 105°, and 125v, ~hereas the vector mean is 101°36'. No. 



.... ----- -- ------- -

Figure 
4-2. 

_-.:; -

,. ~ , -l (j 0-7 

SCH:-liDT NET SllOh"I~G 141 POLES TO MAXI :--rrJ:-1. 
INCLINAT I ON OF CROSS BEDDING . 

The maximum dip and the azimuth of £oresets 
of tabular and large scale trough c~oss 
bedding ~en plotted give a partial small 
circle. From this the 'a' and 'b' directions 
can be determined.The readings vere taken 
throughout the Bradore Formation,wbenever 
a 3-dimensional view o£ cross stratification 
was available o 



/ 

measurements were obtal.ned in the arc 210° to o2o0
• Dev:~iation from 

.I 
the vector mean is sma~l, 7.1 (~ppendix C). f 

' 1 ' ; . 

It is cletr that 'he modal vectors reveal paleo-cyrrent directions 
; 

which are generally pa:~~lel and oblique to the ~resejt coastline. 

Interpretation of some p\otted vectors reveals a bimfdal picture, 
:f 

sugges~ive of tidal curre~ts. The overall pattern /bows easterly 
\ ' ~ t 

currents which appear to r~,ul t from a southerly clrrent much affected 

by long shore drift from the\~est. Comparison oJ the vector means 

reveals a more southerly curr~\t direction aroun/ Lourdes ~u Bl8;nc 
\ I 

Sablon than OA Ile au Bois. All along the prejent coastline there is 

a tqmd for the preserved curr~nt readings to qbnd to the east and 

d I 
even to the north east as can be observed at D.!able Bay (Fig. 4-1). 1 

! I 
The 141 poles to.bedding of tabular and/.arge scale tro~gh cross / 

bedding (Fig. 4-3) give a current azimuth di ection of approximately 

120° with considerable variability, but genfal indication is that 

large scale current structures are derived krom a more northerly 

source than the smaller trough cross beds I n F'igure -4-5. The r~ason . ' . . i ;' 

may be that larger structures are more st4'o1e, whereas longshore/ 
' . 
if 

drift and local tidal currents would haver greatly influenced the 
. y . 

formation of the smaller trough cross be4s. 
.• E 

'J 

Ri le-Drift Cross- · itl.lition 

An exposure south east of Blanc Sa . a good ri;ple cross-

lamination (Fig. 4-6) (type A of Jopli+ and Walker. l968) with pre-

servation on the lee side only. Ac~o~ding to Jopling · an~ Walker, 

type A structures indicate a low suspJsion/traction ratio, traction 
f 

- as bein.g dominant ~ 
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Ripple Marks 

bs~rvations 

I Longitudinal ripple marks or sand ribbons were found at two 

~ocalities east of L¥A.nse au Clair. The ribbons were symmetrical, 

~i th . an approximate traceaple length of ·g feet and a width of 1 inch, 

~heif gene~al l~ne~l direction was 050° "parallel to the long axis of 

~- t;/ough c~s-s- bed situated alongside (Figs, 4-7). A few were 

li#htly 1onvex to the south. 

I . re at1on 

i 
~ea~. 

se unipolar structures are known from tidal flats and ~hallow 
I . 

Allen (1968) ,mentions them as occurring parallel to the flow, 

I 

here sediment is deposited over a flat substratum, hard or coarse 
• 

nough to resist denudation under the prevailing conditions. 

Kenyon (1970) described sand ribbons of greater magnitude in 

uropean tidal seas, He states that they are unlikely to be commonly 

treserved as they are only transitory bed features, dependent on sand 

~upply and eventually 

~robable environment, 

replaced by oth~r bed forms. As regards the 

Kenyon states. 

\ 
'If preserved, then one might expect them in basal conglomerates 

I of transgressive seas ••••.••••.• ' 
I 
\ The only other observation of ripple 

.Jru~, where oscillation ripple marks had 

Fo,teau Formation (Pig. 4-25) • 

\ 

\ 
\ 
i 

structures was near L'Anse 

been preserved in the Upper, . 



Lamination 
\ 

Description and Interpretation 

The presence of a veneer of iron oxide/limonite o~ the surface 
\ ~} 

of the grains, together with a concentration of dark miherals, pro-

bably accounts for the formation of lamination in the B:tadore sandstones 

(Fig. 4-8). Otvos (1966r cites these two reasons, plus1 the presence 

of bituminous partic.les and concentration "f fTosted qua)rt,z grains, 

for the formation of parallel to sub-parallel lamination in sandstones 

deposited in low energy environments with little foreset lamination. 
~ 

Neither hi tumen nor frosted grains were observed in the·. Bradore S'and-

stones. 

Frequently cro.ss lamination forms web-like structures and these 
I 

could be explaine~by Otvos (Ibid) who states; 

'This outlin~s the flat, slightly hummocky bottom, microtopography 

of the anci~nt sedimentary basin'. 

Basal beds /of the Bradore Formation, both in the field and in 
./ 

thin section, 4isplay inclined laminae of heavy mineral concentration. 

This phenomen~h is one of the diagnostic characters of foreshore beach 

deposits (Otv~s, 1966). 

Graded oedding and possible rill marks were other depositional 

features whi.Fh were observed in the area. Channels in sandstones 

prov:i:d.e for · erosional current struc.tures. 

•' 

\ . 



Secondary Sedimentary Features 

Colouration 

Description 

Colouration, besides that due to the presence of orthoclase 

feldspar, occurs througtwut the sYccession. 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. -· Frequentl'y a ·false type of cross lamination, 

comprised Qf alternating coloured laminae, occurs and is caused by 
i 

differentiaT,weathering ·of the colouration. 

Interpretation 

Bleaching of the red/pink laminae is the probable cause for the . 

pre-sence of colouration. Otvos (1966) accounts for a similar 

phenomenon by suggesting an arid eiwironlent in the basal layers. 

Colouration occurrence as a veneer suggests a secondary depositional 

process, whereas the presence of cross laminae infers preconsolidatfon. 

Examples of Specific Coloaration Features · 

An example of colou~ and differential cementation occurs in 
· .. · ,. , . . 

, Figur~4-ll which displays yharp cresteJ anti~lines and wider to 
! - ~ . ;_ . \ 

: bo~ shaped synclines. The structure was observed in a_ eli ff \face, 

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

Vertical worm burrows were the only other structures present. 

As no load defamation has occurred contemporaneously with. 

sedimentation, the structure is demonstra~Jy caused through 

differential cementation. . Irregular dist~ib~tion of pressure, lateral 

interstratal flow· or. the expulsion .of pore water could account for 
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the shape of the colouring, as limonite and hematite are differentially 

deposited. A similar explanation has been given by Mi~liorini (1950) 

for the formation of conv.olute lamination in which the upward expulsion 

of contained pore wa~er drags the laminations in to peaked upwellings. 

Figure 4-9 provide~ an example of interstratal current erosion . 

• Her{l the foreset cross laminae disp.lay alternate colouring, which is 

seemingly trunoated by a strongly curved lamination. If current 

action were the cause, the laminations would be convex upcurrent, as 

the outer edges 'of an unconsoli<J.ated bed are least resistant to a 

flow direction fro11 left to right. Accompanying cross lamination I 
. j 

reveals a s~th-east direction, in agreement with the above hypothesi$. 

Soft Sediment Folding 

Description 

Local deformation in sandstone was observed east of L'~se au 

Clair (Fig. 4-10), and was confined to a particular bed wit.h a very 

low angle of dip. - No deformation occurs in the nei~hbouring beds 

either abov.e o.r below and no faulting was observed on any scale. 

Azimuths denoting the strike of the folds were determined to be 

075° and 115°. 

Tne actual layer of deformation maintains a constant thickness. 

The inte~al folds die·:· out laterally, being flattened against both 

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

. ~ 

\. 

) . 

\ . 

. i 
l 
' I 
' 

~ 
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\ Interpretation 
\ 

~ The absence of deformation and. faulting in the nei ghbouring beds 
\ 

infer~ a preconsolidation origin for the folding . Although greatest 
~~ 

insta~ility occur;; when substr.ata have an exceptionally high slope, 
'.i 

Potter t, and Pettijohn (1963) note evidence for movement on slopes of 
\ 

' 
one or degrees. This is due to the fact that fine grained sedi-

ments y contain a very high proportion of water when first deposited, 

and s~ m y be readily mobilised. 

inement of deformation to a particular bed is most probably 
·, 

caused by interstratal flowage, which does not affect the whole bed ,..._ 

but only i vol ves internal laminations. This readjustment is not the 

result of ternal pressure which would cause large scale deformation, 
\ 

lateral sl ing and thickness differences of the bed. 

cited by Potter and Pettijohn (1963) have observed that 

the 

s~baq~eous 

subaqueous 

west. H 

stones on 

deg.rees 

Structur es 

found in 

observed 

folds roughly corresponds to the strike of the 
.. 

If this ~ere applied to interstratal flowage the 

this locality would strike approx~rnately east-

exposures and deposition of the Bradore sand-

substratum with dips of less than three 

verification of this, 
\ 

Rain Drop impressions 
, 

were interpreted to be rain drop impressions were 

Formation at Point Amour (Fig. 4-26). They were 

surface of a calcareous mudstone . and consisted of 

irregular grooves with a diameter of 3- 8 millimeters. Edges between 
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the impression's are shaped and uneven, and the actual grooves themselves 

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

surface has been above water. 

Stylolitic suturing 

Stylolitic susuring displayed by interlocking or interpenetration 

of the limestone was found in the F~rteau Formation, east of Fox Cove. 

The stylolites are parallel to the bedding and have an amplitude of 

less than one centimetre. 
i 
I 

Pettijohn (1957) considers the origin of these 

structures to be pres~ure solution formed \n a consolidated rock. , ... 
They are therefore indicative of extensive interstratal solution and 

infe r considerable reduction in rock volume, 

Trace Fossils 

Description 

Cylindrical tube-like struct~res are exceptionally common throughout 
( 

the Bradore Formation. They 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). They are always straight, or 

nearly so, and vertical to the bedding. They have well cemented ·''-

smooth walls which are often delineated by coloured laminations. 

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

surrow1ding rock and contained a hi gher percentage of opaque, magnetic 

minerals (Figs, 4-21 and 4-22). The structures are m~re indistinguish-

able in the field, often having the same colour as their host rock. 
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Honeycomb like colonies often occur. in which a cross section rev~als 

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

Historical Review of Origin of S. Llnearis 

The structures have commonly been called Scoli thus linearis but 

according to Howell (1943) in keeping with the rules 'of :2.oological ;~·. 

'nomenclature. the species first described by Haldeman shoulA be 

referred to as Skolithus linearis. 

Skolithu~ linearis 

Billings (1862) noting the occurrence of Skolithus linearis in 

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

from the previously found Potsdam Group Structures. Later in 

1869 he concluded that specimens collected by the geological survey 

were sponges and definitely not worm casts :(cited by James, 1892). 

Geinitz (1916) ~onsiders the dark infillini.to be due to overlying 

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

the Br~dore sandstones. Papers by Richter· (1919, 1927) favour an 

organic origin, although mention of a 'rising~bubble' origin is given. 

in which he is puzzled by how tubes remained open un~il filled. He 

also gives three observations which tend to go against an organic origin. 

These are:-

1.. Every pipe is of equal ~igid regularity 
., , 

2. There . is no !lleet ing of the cylinders 

3. There is no departure fr6m the vert ical 

Richter suggested tube forri~rtion by upward, organic movement. 

The fact that the organisms are sensitive to gravity explains why the 
r:::J 

{ 
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n~jority of the structures have almost vertical alignment. Referring 

to n~dern analogies, he cites the example Sabellaria from the North Sea . 

This inhabits shallow water sand deposits, subjected to occasional 

drying up. 

Other ideas put fo~ard fqr their origin include formation by 
I 

pothole whirlpools giving, concretionary deposits, and mobilisation of 

origi·nal pigment iq flat lying- sandstones by geyser action or rising of 

spring water. 

Interpretation 

The cylindrical structure.s described by Hawley and Hart ( 1934) and 

Gabelman (1955) are much larger than the ones in the thesis area. 

Although the depositional environment of the Bradore sandstones appears 

to'be that of a water sa~urated partly consolidated silty area, 

formation by sp.rings seems unlikely. This is interred from the 

abundance of Skolithus linearis in association with pigmentation banding 

and quartkitic 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 unlikell to be explained by a spring diminishing in velocity. 

These fielg re~tionships tend to suggest that the non branching, 

parallel structures were formed by movement of unconsolidated material 

into cavi ties, most likely used as burrows of habitation by annelids 

or phoronids. 



Description 

Problematic Markings/Features 

Flask Shaped structures 

An exposure east of L'Anse au Clair in sandstones of the Bradore 

Formation .showed flask-shaped structures related to the vertical 

" cylinders (Fig. 4-23). The flasks have rounded base and taper upward 

unti 1 parallel to the tube, thus forming a neck to the structure. · 

The rounded base varies in diameter 'from 4 to 9 inches. All the 

!>~ructurc appeared to he at approximately the ~arne horizon in the 

upper part of the L'Anse au Clair He!OOer. Frequently laminations 

which c omprise the structure are continuous from one flask to another 

and occasionally 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 to be water percolation from the 

depositional s.urface through underlying unconsolidated sandstones. 

Freshly dug burrows would provide less resistance to water penetration 

than the surrow1ding rock and upon reaching the basal end of the tubt:<, 

iron deposition would disperse out .into the sandstone so forming 

flask-shaped stn.~ctures. 'r"he cy 1 inders may extend 'through the bottom 

of the flask and so, if the above hypothesis were true, the lamination 

would be contemporaneous with the organisms. The cylinder terminates 

in the centre of the flask. 

' 
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Dendritic-like quartz veining 

Dt:lscription 

Dendritic-like veins were found to be common on a bedding surface 

·in the upper part of the L'Anse au Clair Member, exposed west of 

Forteau. They occur as white coloured veins throughout the sandstones 

at this particular horizon and are commonly foWld with abundant 

cylindrical tubes. Frequently closely associfitcd with the veins are 

circular structures ranging up to three feet in diameter (Fig . 4-12}. 

The structures were noted by Fong (1967), who described them as 

calcareous veins. Examination 9f the veins both in the field and 

laboratory show that they consist solely of quartz. The. circular 

structures which generally accompany the veins are concentric colour 

bands. These are closely related to the shape of the dendritic veins 

(Fig, 4-13). The vein is always more resistant than the surrounding 

roc.k and sa forms prolllinent ridges of clean quartzitic sandstone, In 

thin section the vein can be seen to be composed of large grained and 

well sorted material with no visible lineation. Authigenic quartz 

is common and the act ua 1 quartz grains are sub rounded to rounded with 

v~ry close packing. In contrast the count~y rock shows ill sorting 

and is heavily iron stained. 

Interpretation and Significance 

Water on rising would probably deposit ferrous iron compom1ds as 
I . 

cont i nuously spreading bands, p~rcolating 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 eravity. Absence of grain 



line atton indicates lack of deformation during formation and slow water 

movement. It can therefore be said to be . post depositional and most 

probably preconsolidational in origin due to its colo~r banding 

character. 

Large Scale Circular Structures without Veins 

Introduction and Description 

James Richardson, circa 1862, appears to be the first person to 

make reference to these structures in eastern Canada. He states in 

one of hi s field books (L.M. Cummi,.rl: personal conunlmication), 

'This meas~re is altogether arranged in rounded and oval 

" .... 
elementary ·· layers having a diame~e-r of from one foot to 

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

fewer, dip from it.' 

He then gives a general plan of their arrangement. 

In 1894, Weston, in describing concretions found in Canadian rocks, 

states that the structures sh~ concentric lines of various cOlour and 

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

is pierced by Skoli thus Canadensis (Bi !lings) 

The structures were always fotmd, both on Greenly Island and east 

of L'Anse au Cla'ir, at a high stratigraphic horizon in the Bradore 

Formation. Vertical sections reveal the banding to be both basin .. 
and dome shaped, and continuous between the two (Fig~ 4-15). 

The colour banding is not associated with quartzi tic veins, and 

as observed on a bedding surface, displays a· round or elliptical shape 

(Fi g. 4-14) r e sulting in a concentric pattern. The colour varying 
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fro~ red, pink to grey is due to the deposition of hematite as a veneer 

on the quartz grains. 

Structures have variable diameters ranging up to over twenty feet 

in diameter, althqugh in some very . small scale of approximately one or 

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

Interpretation 

The origin of those structures is probably due to deposition of 

fffrrous iron by water in rising. The transportatiqn of the iron in 

I solution does not appear to be concentrated as befo~ 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 
' . 
~f water caused coloured laminations to move upward and form sinous 

u\wellings and large rounded basins. 

A completely different kind of structure at th..e same horizon was 

observed east of L'Anse au Clair. This was a type of sandstone plug 

(Fig. 4-16) in a thick bedded, hard quartzitic sandstone. The sand-

stone is deep pink in colour and contrasts to the coarse grey coloured 

rock. The shape of the 'plug' is circular at one end, showing a 

certain amount of concentricity, and then it tails off. 

• The structure may be just an infilling of a c:r:ack in_ the s-ub-

stratum. On the other hand the circular fracturing may . sighify 

fo~ation by a spring on a much larger scale than previously mentioned. 

As this was the only structure of its kind seen, its ori~n could _ 

not be verified. 
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Figure 4-3 
(P. 66 ) 

Figure 4-4 
(P. 66 ) 

--... 

Tabular cross stratification~ with a planar 
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 ) 

-·-

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

If1pp e drift cross lami11ation- ortfpe A -
(Joping & Walker~ 1968) . Dark colour banding 
displays the cross lamination and shows current 
direction from left to right. S.E. of Blanc 
Sablon. 

84 



Figure 4-7 
(P · 71 ) 
Longitudinal ripple 
mark on a bedding 
surface exposed east 
of L'Anse au Clair 
Looking East. 

-· ... 



r 

Figure 4-8 
(P. 72) 

Lower beds of the Bradore Formation 
displaying horizontal parallel 
laminati"ons. Frequently laminae join 
to form web-like patterns. Blanc 
Sablon. 



Figure 4-9 
(P. 7 4 ) 

Colour banding with the cross lamination 
and concave shaped lamination formed by 
interstratal currents, flowing from left to 
right. S. of Forte au. · 

Figure 4-10 
(P. 74)_ 

Contemporaneous folding exposed east of 
L'Anse au Clair in a bed of relatively 
constant thickness with underformed beds 
above and below. 



Figure 4-11 
(P. 7 3 ) 

-~--~--- --~---

Figure 4-12 
(P. 80 ) 

,.-

Colour and differential cementation 
E. of L'Anse au Clair 

Quartzitic veins with asso~iated 
colour banding~ forming circular 
structures exposed west of Forteau. 



Figure 4-13 
(P. 80 ) 

Figure 4-14 
(P • 81 ) 

- -- . ~--- ~~-

Vertical section through the veins and 
circular structures showing a synclinal 
shape. Note the prominent quartzitic 
veins forming ridges on a bedding surface 
exposed west of Forteau . 

. 
Large scale colour banding forming concentric 
structures on Greenly Island 



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. 
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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 abnndant 
cylindrical tubes. 
Largest measured 
was over 42 inches. 
L'Anse Cayeux. 

Figure 4-18 

(P,. 77) 

Cylindrical worm tube with a diameter o£ 
! inch. Located in loose boulder at 
L'Anse Cayeux. 

92 



Figure 4-19 
(P. 39 ) 

F_igure 4-20 
(P. 39 ) 

Weathered vertical cylindrical tubes near the 
top of the Bradore Formation~ exposed in the 
cliff face on the eastern side of L'Anse au 
Clair Bay. 

Scolithus errans on a bedding plane~ located 
under the topmost bed of the Bradore Formation 
at Lourdes du Blanc Sablan. 
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Figure 4-21 
(P. 77) 

Figure 4-22 
(P. 77 ) 

_, 
>, 

' . · ... ;--, l . 
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~ 

: , 

'·· . 
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- ~-----.. 
Photomicrograph, horizontal section through 
a worm burrow showing heavily stained and 
finer grained infilling. Transmitted non 
polarised light, x 10. 

Photomicrograph, vertical section through a 
worm burrow showing finer grained infilling. 
Transm1tted polarised light x 8. 
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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 
(P. 79 ) 

r 

Vertical rock face displaying flask-shaped 
structures and associated spherL~al colour 
banding. East of L'Anse au Clair. 



Figure 4-25 
(P. 71 ) 

Figure 4-26 
(P. 76 ) 

Oscillation ripple marks in the Forteau 
Formation located at Point Amour. 

Rain impressions on a sample from the Forteau 
Formation exposed at Point Amour. 
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CHAPTER V 

A/'/CIENT ENVIRONMENTS 

DISCUSSION 

The Bradore Fornation rests on a sul:istratum ""''hich is mainly fresh 

and nnaltered most probably due to current activ~ty winnow:L_ng away" all 

the loose matter . with the ~xcept:ion· of la-rger pebbles 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 n o doubt 

deposited during periods of slowe~ currents, 

and siltstones immediately overlying the basal conglomerate infer a 
. ( 

deposi tioha ,· en vi ronmen t with we ako current., such a' a · flat I .(in~ shore. 

The cause of the decrease in power is in most cases a cont i~ued _ d~-. 
pression of ·the .!_,and. 

Worm burrows in the middle to upper parts of the Bradore Formation 

signify an upper shor~ environ~ent. 
The presence .of glauconite is in-

dicative of a marine environment • . . The ·almost ~omplete lack of ~-
argillaceous material thrb.ughout;the formation is one characteristic I . 

feature o£ most beach dep~sits. 

Conglomeratic bands.appear less ~quently 

the succession and the beds are more uniform in 

text!Jre. Deposit-ion is inferrt;)d to be in less 

. ' 

\-......., 
towards ~ top of 

both c~osi tion· and 

agit~ted waters than 

the lower beds. p11obably in near shore. shallow w.ater, a relatively 
\ 

1 \ . 
ower en~gy environment. 

The presence of intermit tent conglomeratic . ~ . 
beds and abundant cross bedding in the upper beds.. however. indicates 

.• 

I 
( 
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·/ 

I 
occasional strong variable cu~ents 

v' 

I conclusion the'sandstones of the Bradore Formation in southern 

marine and of shallow water origin .. "' · . .. Environment .wit 
ect to TeX-tural ~laturi t 

') 

Fo.lk (1968) 'states that the tectonic framework exercises an 
_./I.-

indirect control over environmental determination, which in turn 

coti'~rols the textural mat,urity of a rock. 
According to his four stages 

of maturity the Bradore sanc;lstones woulq be classffied as submature, ~ . . . 

since th ,; sa.nd grains are ' po<X"ly sor.ted (Jolaving a value of over 0. 5) 

and only subrounded, with und~r 5 percent clay . 
However, there. · 

. _appea'rs to be more than' one fraction in some of the sandstones and the 
. ) ~ 

r6ck may be bidmodal mature,· with the coarse and fine inode showing poor 

sorting as a whole (Fig. 3-7): 
He also poi~ts oJt that immature 
• 

s.andstones are ·usually formed .during cru§ital unrest whereas supermature 

ones evolve from crustal stability, al~t_vugh the environment has a 

great ~nfluence in thei[respective 

Plots of ?kewness ahd kurtosis 

format ions. 

"' 
reveal ... normal curves, indicating 

that ,the. majority of the ~~s. examined are ~nimodal in character. 

B~modali ty/w"db:hf~gi-ve non normal values of the two parameters. Beach. 
\ ' . 

sands are un.imodal ari~' gye n:gat~ ve sket~ss...generally, with an excess 

of coarse teria.l. - "16n (1968) ~i tes the following three causes for 

I the terrt in beach sands : - c>\ 
' 

l. A resu 
of past geological history, e.g. glacial 

2. Hard ro'<_ks crop on the coastline 

3. Competent 
carry gravel to the · sea 

• 
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The ~radore sandstonas are negatively skewe.d with the presence of 

a coarse fraction. 
/ As a hard crystalline basement is present,,it is 

inferred that this is- the source of the grave 1, which mainly occurs in 
( 

the beds dverlying the basement. 

There is a gradation from poorly-moderately sorted material in-

the· lower beds to moderately-well sorted material in the upper ones. 
I 

Grain size diminish~$ ip the !ame direction and gives a fini~-upward 
sequenc~. 

Several environments may be inferred from the sorting values 

(Ibid) but the transition to more mature beds towards the top of the 

succession limits tl'tese. to ·a river ch~nel, beach and bar or aeolian 

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

evidenced by the' increase in non-undulatory quartz cant~. 

Environment with Respect of MiQeral Composition 

The m~ner.alogical composition of sandstones is controlled by the 

SO\,Jrce area and the lithology can be affected by tectonism·. Folk 

(19681 states that textu~al maturity and mineral composition are inter-

related. 

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

Bradore sandston~s a~ mostly su~arkoses, with some almost ortho-
l 

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

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

less- transporting distance. The subarkoses are thought ·-to represent 

a transitionJ'-1 sta~e o~maturtty and mineralogy (Polk, l968). 

Feldspar content in the Bradore sandstones is relatively low i n 
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comparison with that : of quartz. Initially, there must have been a 
• ._ I 

great deal more f eldspa-r, as very la-rge crystals and a high proportion 
- - - . • 1(1 

· of the mineral are p~es~nt in the parent rock. The freshness of the 

feldspa-r is noted especi·auy in the basal beds. Although this is 

indicative of relatively slight chemical weathering, that is in an . 

arid environm-ent, i t is interpreted as being due to a proxiinal source 

for the Bradore Sandstones. ~ pronounced humid climate is indicated 

by the weathering products being transported and deposited mainly in a 

disturbed position . Weathet~ng must have,been strong. crumbling the 
-., 

feldspar grains and washing-·theJ!I ~way with the rest of the f i ne silt . 

It i~ therefore likely that there was a -period of prolonged ~brasion 

of the sediments . In thin section both microcline and orthoclase 

are present, the latter appearing more altered. ·-
Environment with Respect to Classhf,ication of the. Bradore Sandstones 

-

The following is a summary of the_ depositi 'onaJ. histoq, based on 

olk's (1968) gene.tic classification : - " 

\ 

1. The Canadian Shield as a craton would give stabiltty 

with only mild eu~tatic changes. Tectonics of the 

source area were probably quiescent and stable, with 

slow sediment accumulation on a peneplane consisting 

of granite-gr~itic gneiss. 

2 .• Tecton~c framework_of the depositional site resulted 

i: :~ormation of a wedge of sandstone thickening 

t~.e north-east of the source area, off ~he craton. 
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3. The- dominant depositional environment was a transitional 

littoral one rcsul ting in undaform (shallow marine)' deposits. 

4. Climatic effects have given ri~e to iron staining and both 

fresh and altered feldspar . 

' · A relatively stable cratonit region would comprise on its perimeteT . " 

a shelf or basin whose source of sediment woula be the craton itself: 

This would result in the formation of a thin sheet of s~allow water 

sediments, thickening away from the craton. 

A lack of feldspar could indicate a humid · and warm climate· on land 

with low relief or tidal ' ~eposition w'ere feldspars undergo alteration. 

Due to considerab.le transport, the presence of authigenic feldspar as \ 

overgrowths is suggestive of a marine origin. 
\, Thus, keeping these 

facrs in mind, the arkosic sandstone could not be classed as climatic, 

where dry or colq conditions are necessary. 
The abundance of red, 

hematitic staining is indicative of a humid climate and so is the 

occurrence of both fresh and badly ~eathered felspar. 
An occasional 

bed of oolitic hematite (30 percent hema.tite) exists in the basal beds, 

inferring -shallow agitated water. 
TI1e ,concept of a tectonic arkose 

(Folk, 1968) evolving from uplift and rapid erosion is not likely in 

the case of the Bradore arkoses for the "following reasons: 

~ 1. Apparent stability of the craton during deposition of the 

sands. 

2. Absence of a·vast thickness of sediment which would 
accumulate and thin outward as a wedge. The Bradore ~-

sandstones actually thicken outward from the source 
area. ~ 

.... 

( 
-· 
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3. The sandstones would be poorly sorted and have a clay content, 

although these would change with progressive maturity . 

The Bradore sandstones, therefore~ do not apparently fit the 
' l ,.,... 

definitions of climatic or tectonic arkoses . 
liowev~r, if the large . ,-

east-west ·trending fault occurring to the north of Bradore Bay was 

active during or previous to deposition, the raising of the basement 

to the surface would greatly influence ·the · arko;e formation and ev~1 a type of tectonic arkose. 

SEDIMENTARY STRUCTURES 

Sandstones with foreset ' cross lamination and \ trough c:x:oss lamin-
ation are abundant in the Bradore Formation. 

Although a polymodal 

nature of cross bedd~ng orientation may_ i-ndicate a fluviatile_ en­

vironment, the interniittant accumulation of a coarser f;raction and 

the presence of longitudinal ripple marks signifies a ~dal environment. 

· The aximuth differences. between •the modes of the trough cross bedding 
0 0 vary from 20 to 40 . 

From Figure 4-1 th~y appea~ to have been greatly 

affected by a - d~ift current from the south west, which' prevented . accumu­

l~tion of seaSard and landward dipping strata h~ving larger azimuth 

differe~es. 

A low energy, littoral to near shore environm~~~ ~nferred from 

the 'silty basal layers wi.th paral.).e~ · to sub parallel lamination. The 

, lack of significant _amounts of clay is possibly due ·to intensiye pre 

Bz:<idore Formation wind erosion or later high energy tidal conditions. 

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

pre~erved in an upper tidal flat.envi~onment where boring organisms and 
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high wave energies exist~. Frey and Howard tl969) describe the location 

of vertical., cylindrical worm burrows to' be on an upper shore, although 

other types exist all over a· shore profile. In Cambrian times,· 

S. linearis appears to ~e res~ricted to the Fenno-Scandinavi~ and the 

Canadian Shields. Everywhel-e these ichnofossils occur in (primarily) 

pure marine sandstones, formed at a relatively slight depth. 

Springs would occur on sandy beacnes, caused by fresfi water 
\ 

following the basement relief and then rising rtlrough saline water 

saturated sediments due to differences ~n specific gravfty. Their 

formation may not be· so complicated and may be due simply to com-

paction of thq underlying beds anq subsequent 'squeezing' o~t 'of water; 

No matter what \heir origin, water movement occurred and re;;ul ted in 

" . differential deposition of the ferrous irdn to form intricate struc~ures. 
~ 

~ 

From these the direction of flow of\ the interstratal solution may be ·. 
Cl 

--determined but often, confuses ·the true laminatiofl of cross a;tratification . .. 
FERROUS STAINING \ 

\ 

~e ~resence nf iron as a veneer on the quartz grains has no doubt 
1' . , . 

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 condi tio!Yi might well explain 

the presence or absence of hematitic and limonitic staining in som~of 

· the-beds. 

Weller (1960) points out, 

'Red marine strata are not common but their occurence in some 

formations seems·to indicate deficiency of organic· matter on , 
the sea floor capable of reducing ~eir ferric pigments.' 
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\- Interstratal s·olution appears to be the cause of redistribution 

of \he iron pigmentation throughout the sandstone, forming intricate 

sedimentary structures. Using this source of iron, the history of 

deposition and -the source- of the secondary features could be deduced 

from the following future palaeomagnetic studies: 

1. Stability investigations in which palaeomagnetism 
. _....4 

(viz. demagnetization) techniques /may reve~l the 

historical sequence of events, resul~ing in the sedi-

men~a~y structu~es. 

2. Techniques in which the rock fabric can be tied up 

with shape anisotrophy in rock magne1:ism. 

The tubes of S. linearis are often strongly r~q/coloured, even 
.. 

where they occur in a white coloured sanastone; and they can be white 

or very . slightly coloured when in red coloured beds. This suggests 

that on the one hand the cylinqer r.all has been impermeable to the 

pigment matters and the solution for which it has .been deposited, 
~ c-· 
while on the other 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 inland thickn~ss was calculated from 
' 

the intersection of the basal Bradore Formation contact with th~ 

Precambrian basement and contour height. The resulting thickness 

pattern from which the general direction of thickening can easily be 

• read is thus only -approximate. · Compensation for faulting would have 
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to be considered for a more exact picture. 

The shoreline appears _to be in the region of the most nort~e_rly 

exposure of the Bradore Formation and trends south-west to north-east. 

Figure 5-l shows Schuchert 's interpretation .. (cited by Wells, 1955}, 

where the coast~ne is situated much further west. As the majority ' 

or' the Bradore sandstone~ display tide dominated, shallow marine 

characteristics and as ·. some show beach features, the shoreline :is 

thought to be nearer the present one. 

The source area of the sediments lay to. the north-west on 

relatively lo~ lying land~ undergoing mild upli~t. Rivers draining 

the land surface flowed generally ~outh eastward to the coast . A 

strong south-westerly longshore current deflected local and tide 

. ' 
.• 

currents, especially further away from the coast. This current pattern 

would then,.support Steven's observations (Williams & St'evens, 196.9) on 

Belle Isle of a south ~esterly derivation. However, · a possible north 
I 

and north-east source area, mentioned in'the same paper appears to be 

a contradiction, unless Belle Isle were at the meeting of the two 

contrary flowing currents. 

The study of palaeocurrent data from the ~outhern side of the 

Strait of Belle Isle might give further evidence .<Jf a north west, 

north east deflected current, although elsewhere in the succession 
'· 

paleocurrents may be·from other. dirJctions. 

J- "·# The environment of deposition of the Forteau Form~t1on appears to 

be that of a shelf margin wi~h Qa~rier• reefs forming a little distance 

offshore £rom low land. Shal$$ and thin bedded li~stones ·were .thus .,_,. . 

probably foTDJed in lagoon- like conditions, ,with wave and cu~reJ 

lOS 

• 
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Fi~ure 5 - l 

Unsepa•·ated Braciore, 
Forteau & Ha.wke Bay Formations 

Probable shoreline 

Marin~ waters 

PALAEOGEOGRAPHiC f'-.-1AP OF THE 
LO\dER CAtv1BRIAN. 

( Middlr:! \Va 1c oban} 
Adapted i"rom Schuc.hert,1955. 
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agitation forming oolites and pisoli tes. Shallow water may be in-

ferred by the presence of oscillation ripple marks foWld 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 foTmer concludes that the 

Caitt,rian Eriboll San\lstone of northwest Scotland, an identical deposit 

to the Bradore Sandstone, is also a tidal dep·osi t, characterized by . 

prolonged,abrasion, a mineralogically maturtng-upward sequence, bimodal 

frequel'lcy distribution of both dip angle and set thW:kne~s, together 

with rounded uppe~osional surfaces on the cross strata. Further, 

they subdivided it i/tto two members, again with similarities io the 

postulated subdivision of the Bradore Formation.\ The Lower Member 
j 

comprises medium grained, well sorted mature quartzarenites and sub-

arkosic sandstone, prominently cross stratified. The Upper Pipe Rock 

Ment>er with Scoli thus ichnofossils is massive bedded. 

Swett and Smit (1972) infer from similarities betwf't(,~ the Callt>ro­

Ordovician sequences of western Newfoundland, northwest Scotland and 

central East Greenland that their depositional environments were juxta­

posed on the western continental shelf of a proto . Atlantic basin. 

Resent> lances include stratigraphic sequences, sedimentary features and 

paragenetic histoz1.es. 

The Bradore Fonnation thus represents a gradual marine trans­

gression onto a stable craton and can be cor1;lated with basal Cantrian 

sandstones from other areas in the North Atlantic. The sum total of 

similarities between these sandstol'res can hardly be fortuitous but prob~ 

ably ~essi tates deposition i n the same ~edimentary basin, signifying 

that the Proto Atlantic may h•ve been smaller than the present Atlantic 

Ocean. 
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APPENDIX B 

JOINTS 
j 

... ; 

C~ing (1971) made a regional study of the joints on both sides 

of the Strait of Belle Isle (Fig. 2-S). He concluded that there was 

one joint system consisting of two well developed sets, representing 

extensional fracturing (Fig. 2-15) . Results of readi ngs taken a t 

localities along the coast dut;ing this study tend to support t h i s 

view (Fig. 2-6a and b). 

-Cunnning (19 71) reported the regional joint pattern in the Cape 

Norman area on the northern penj._nsula predates the faulting . In the 

present study no time relationship between joints and fault systems was 

fotmd, although evidence of movement along some of the joints was c l ear. 

During the early part of the Taconian Orogeny (post Early Ordovician) 

' Southern Labrador , situated on the eastern St. Lawrence Platform and 

bordering the St. Lawrence geosyncline, tmderwent extensive erosion 

attributed to the occurrence of epeirogenic upli{! .and the following 

southward retreat of the sea (Poole, 1967). These movements are the 

probable cause of the structural pattern which occurs in the area. The 

overall deformation effects in the area are slight co~~pared to those on 

the eastern side of the Strait of Belle Isle. 
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APP~\IDIX B JOINTS 

------------S-J;ro-,•----~----------S-i,01_J_i-,-----------------r-· ~ 

~~!:: ______ - -- ~S'~ u.:.-
"" :-

~~ 

51° o•' 

ISlt 

GR!f 

ISLA liDS 

Rosette diagrams, proceeding from south to north, represent 
measurements at: 

207 localities 
204 localities 

areas; 
59 localities 
97 localities 

areas; 

61 localities 
65 localities 

Figure 

2-5 

fror.n Port Saunders area (12 I/ll); 
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 lvl /12 west half) . 

Distribution of joints in Palaeo:L.oic rocks 
in the Strait of Belle Isle region. 

(Cumming.1971) 
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APPENDIX B JOINTS 

1:-"'i.::;t• .. re 2- ba lliSTl.I:)TJTIOH OF' JOIUT~3 I N THE PR~A.1BRI AN ROCK2 . 

5 0 . 5 

(14 Readings,with angles of' over 60ofrom the 

horizontal ror the joint f'aces,tak e n from 

Lourdes du Blanc Sablon,Diable Bay and English 

Point.) 
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Statistical Measures 

Millimetct' ~:c.·dian 

Phi Mediau 

Millir,tetcr Arithmetic Mean 

Grapiic Mean (Folk) 

_, 

I 

APPE~DIX , C - . STATISTICAL MI:ASU~ES 

Sy!Wol 

Md 

M z 

Porrr.ul a .and Ho~ Derived 

Graphically: the SO% dia:ne r-er on 
Cumula~i ve Fre~ 1 !er.cy Cur ve 

" For ungrouped value~: EX. 
1 

T 

Inclusive Graphic Standard · D~viation e. 
l + 

Inclusive Graphic Skewness 
Pl6 + P84 ~ 2Pso • Ps • P9s - 2Pso 
2(P84 - pl6) Z(P9S - P~) 

Graphic Kurtosis 

2.44 (P7S - p25) 

Formula~ for Statistic~! Meas~res 

...... 
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APPENDIX C 

Formulae used in the stratification arameters 

,-
Vector mean was 4::alculated by the formula:-

• 
0 = ARCfAN w 

v 
.• 

Where Q is the vector mean, 

w = i=lnENl 
SIN o1 

v i=lEN cos Ql 
1 

g is an individual azimuth ~ 
N is the total number of azimuths 

Deviation from the vector mean was calculated from:-

• ;: (N - 1) 

Where s2 is·the variance 

o
1
M i~ the mean class azimuth 

' .. 
. ·' 

J 
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APPENDIX D DATA 

S811J?le No. Quartz K.felds. Matrix Opaque Cal c./Dol. 
Rock Chlorite Muse. Zircon Rut. Glau. Oth~rs present frag. 

12 lS/4377 89.6 B.~ 0.,2 1.1 0.3 0.2 
12 15/4373 85.2 13.3 1.2 0.1 0.2 
10 15/4366 75.5 22.8 0.1 1.3 ~ 0.2 0.1 
9 15/4359 90.5 7 .o 0.3 2.1 0.1 Tour 
8 15/4355 90.9 8.8 0.2 0.1 
7 15/4326 73,2 26.00 0.3 o. 2 o/ 0.1 
6 15/4318 74.5 19.7 0.2 0.8 4.8 zoisite 
s 15/4314 78.2 21.7 0.1 

.4 15/4310 84.9 11.9 1.3 1.7 0.2 
3 15/437 30.9· 30.2 33.5 3.6 1.8 
2 15/435 78.1 8.0 5.4 6.1 0.6 0.5 0.6 0.7 Apat/Tour 
1 15/434 74.1 24.6 0.6 0.3 0. 2 0.2 Apat/Tour 

1 15/361 87.7 10.8 0.4 0.3 0.1 0.7 Tour . 
2 15/385 89.0 8.2 1.6 0.3 0.2 0.1 0.6 
3 15/411 74.5, 17.9 7.2 0.1 0 . 3 
1 15/441 67.9 9.9 13.3 ~ 8.6 0.2 0.1 
s 15/391 92.6 5.6 0.9 0.3 0.2 0. 2 0.1 0.1 
6 15/438.7 93.0 5.8 0.7 o.s 0.5 
7 lo/493 8S.Q 4.8 1.9 8.3 
8 20/S07 94.5 5.4 .- 0.1 0.1 
9 20/SOs' 76.3 22.7 0.7 0.2 0.1 

10 20/5113 56~3 35.2 6.5 0.5 0.7 0. 2 0.6 Epid. 
11 20/5119 37.6 51.5 3.7 3.5 2.4 ~ . 0.3 0.2 0.8 Cl ), -
12 22/563 80.7 ( 17.0 0.9 0.1 0.8 - 0.1 0.1 0.3 Apat/Epid. 

I 
Table 3-1 :; Percentase mineral composition of the Bradore ,Fonnation 

·sample numbers are indicated on maps, Fi gur es 3- 1 a(page 1~6) and 3-lb(Appe~dix G) 

Matrix includes indistinguishable quartz and feldspar 
.. 
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APPENDIX D - DATA 

Sample Number Total Quartz % Non Undulatory % Undulatory. % Po1yc~stal1ine . 12 15/4377 89.6 87 13 0 11 15/4373 85.2 86 14 0 10 15/4366 75. s'-.J 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 
56 ? Vertical 

6 15/4"318 74.5 22 62 16 Section 
5 15/4314 79.2 54 44 2 4 15/4310 IW.9 40 so 10 ~ 3 15/437 30.9 66 32 2 2 15/435 78.1 26 72 2. 1 15/434 74.1 26 66 8 1 15/361 87.7 88 12 · o 2 15/385 89.0 80 18 2 3 15/411 74.5 86 14 (}., 4 15/391 .92. 6 62 36 2 Topmost Bed 

5 15/4387_ 93.0 74 26 0 
6 20/5113 56.3 92 8 0 

Location of samples is indicated on Figures 3-la (Page13G) and 3-lb (AppendixG). 

Table 3-2 Percentage of Quartz Types in the Bradore Formati'on 

'· ' 
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~ APPENDIX D - DAT~ 

Sample Number Median diameter Graphi c mean Arithmetic Inclusive Graphic Inclusive Graphi c Gr aphi c kur tosi s mm. phi phi mm • . phi Standard Deviation Skewness KG K I KG _ ) Md Md M x Sk G KG+l e . iJ ' z 
1 i 

12 15/4377 0.58 - +0.80 +0.69 o. 11 ~ o. so · 0. 81 -0 . 18 ) 0.86 0.46 11 15/437j 0.44 +1.20 +1.18 0. 49 + 1.05 0 . 73 - 0 . 08 1. 40 0. 70 § 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 . 8,9 0 . 47 
~ 

8 15/4355 1. 25 -0 . 33 -0.27 1. 22 - o: 30 0. 72 +0 . 12 1.11 0 . 53 
u 

"4) 
7 15/4326 0 . 32 +1.65 +1.53 0. 38 + l. 35 0. 71 -0 . 27 1. 06 0 .52 

(I) 

.-4 6 15/4318 1. 83 -0 . 88 -0.87 1.93 - 0 .94 0 .73 +0.05 0 . 87 0 .46 
cd 

5 15/4314 1.10 -0.13 -0. 14 1. 77 - 0.85 0 . 70 -0.02 0 . 89 0 . 47 
u 

·.-4 4 15/4310 0 . 79· +0.33 +O. B --, 1. 20 - 0 .'25 0 .96 -0. 16 1.1 3 0.53 
t 
G) 3 15/437 0.48 +1.05 +1.13 0.54 + 0 . 90 1.00 +0.09 0 . 82 0 . 45 > 2 15/435 1.10 -0."!8 -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. 0 6 0.52 

1 15/361 0.55 +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 +f. 18 0.45 + 1.15 0.48 -0 . 39 1. 13 0. 53 D 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 
"tt 6 15/4387 0. 46 +-1 . 10 -t:l.09 0.47 + 1.10 0. 41 -0 .08 0 .98 0 . 49 
II) 
10 

7 20/493 0 . 60 +0.75 +0. 77 0 . 61 + 0. 70 - 0 . 50 -0 .00 1. 21 0 .55 
~ 

8 20/507 0.75 +0 . 38 +0.38 0 . 81 + 0 . 30 0 .54 +0.01 1. 00 0 . 50 
en 
j 9 20/?0S 0.52 +0 . 93 +0 . 94 0.54 + 0 . 90 0. 42 -0. 01 1 . OS _ 0 . 51 
Q. 

10 20/5113 0.31 +1.70 +I. 73 0 . 30 + 1. 70 0.54 +0 . 03 0 . 87 0.47 
~ 11 20/5119 0. 22 +2.20 +2.22 0 .19 + 2. 38 0 .38 +0.07 1. 25 0 . ~() 12 22/563 0. 3.9 +1.30 +1. 31 0 . 4p + 1.30 0 . 43 -0 .00 1.04 0. l 

Tabl e 3-3 Gr ain s i ze £ar ameters of t he Br adore Formati on 

Sampl e numbers are.!ocated on maps , Figures 3- l a (Page 136 ) and 3-lb (Appendi x G) . 
>, .. ,"""'-

· lo.:. 

1-' ..... 
'-.J 



APPENDIX D - DATA 

Sample No .. Mean phi Standard dev. bl b2 Ske..,'!less Kurtosis S;Eher icitr Roundness 
units phi classes SK K b/a 

12 15/4377 •0. 74 0 . 86 -0 . 09 2. 41 - 0.04 -0. 59 0 . 67 .38 
n 15/4373 +1. 23 0 . 85 +0 .09 2.93 +0.05 -0.65 0 . 66 :·37 

c: 10 15/4366 +1 . 25 0 . 92 -0.43 2.80 -0.21 -0 . 20 0.69 .38 
0 9 15/4359 +C. 79 1.13 +0 . 60 2. 74 -0 . :50 -0.26 0. 70 . 39 
"" .. 8 15/4355 -0.06 0 . 81 •0. 58 3.51 +0 . 29 +0.51 0.68 , . 38 (,) 
ID 7 15/dZ6 +1.61 0 . 79 -0 . 40 2. 79 -0 .20 -0 .21 0 . 65 . 32 tf) 

.-4 6 15/4318 -0 . 17 0. 77 +0 . 26 2.67 +0 .13 - 0. 33 0.69 .29 
I« 5 15/4314 +0.03 0 . 83 +0.10 2.93 +0.05 -0. 07 0.68 \ . 39 (,) 

..-4 4 15/4l1d +0.30 1. 21 . -0. 93 3 . 00 -0 .47 +0.01 0 . ~ .40 ... 
"" 3 15/43"7 +1. 30 0.94 -0 .15 2 .87 -0. 07 -0 .13 0.63 .30 ID 
> 2 15/4.35 +1.20 0 . 95 -0.56 4 . 46 - 0 . 28 +1j6 0.6 3 . 34 

! 15/434 -0.12 0.87 0 . 45 4. 12 ' - 0 . 23 +1.1 2 0.71 .31 
-0.31 

1 15/361 +0.95 0.61 -0 . 04 2 . 61 -0 . 02 -0.39 0 . 72 .43 
2 15/385 +0.60 . 0 .68 -0 .23 2. 39 -0.12 -0 .61 0.69 . 45 
3 15/411 +1 ~~ 0. 54 . -0.47 3.93 0 . 23 +0. 93 0.69 . 44 

'0 4 15/441 +0 . 6 0.96 0 -O .j72 3. 30 -0. 36 +0. 30 0.71 ID co s 15/391 ~.09 0. 42 -0.29 3. 03 -0 .15 +0".03 0 . 76 . 47 ..., 
6 15/4387 +1.15 0. 50 -0.13 1. 74 - 0 .07 -1.26 0 . 67 . 46 ., 

2 7 20/493 +0 .78 0.57 -0 .03 2 .48 -0 . 01 - 0 . 52 0 . 71 
c. 8 20/507 +0.39 0 .65 +0.06 2. 36 +0. 03 - 0.64 0. 73 0 

f-4 9 20/505 +0.94 0 . 54 +0.08 t" 1. 84 -+0 . 04 - 1.16 0 . 73 
10 20/51-13 +1 . 80 0 . 57 . +0 .05 2.41 +0. 03 -0 . 59 0.69 . 44 
H 20/5119 +2. 43 0. 51 -0.03 3. 67 -0 .02 +0 : 67 0 . 70 
12 22/563 +1. 38 0.52 -0 .06 3. 00 -0. 03 0.0~ 0.68 

Table 3-4 Grain s i ze oarameters basoM on moment me asur es and shaEe analysis 

'1 Sampl e numbers are i ndi cat ed on maps , f i gur es 3- la (P .l:'i6 ) and 3 - lb 

• (Appendi x G) 
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APPENDIX F - PALAEONTOWGY 

Palaeontology of the Forteau Formation 

The Archaeocyathid fal.Ula of the Forteau Formation was described by 

Fong (1967). Other fossils fotmd and mentioned by h~m include in-

articulate brachiopods, molluscs, trilobites, and various calcareous 

algae. .Amongst the trilobites id~ntified was Olenellus thompsoni 

(Hall), a time stratigraphic fossil for th'e Lower Cambrian . 

Besides undetermined arch~eocyathids, the present writer collected 

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

PhylJ..Uil Brachiopoda 
_ Nisusia sp. 

~/ Phyh.un Mollusca· 
Salterella sp. 

"-. 
Phylum Arthropoda 

Bonnia sp. 

Plant fossils ( 
I Division Schizomycophyta 

Girvanella sp. 

I 

.--, 
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