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ABSTRACT

The Cooks 3rook and Middle Arm Point formations, situated
in Bay of Islands, western Newfoundland mainly consist of
deep-water carbonates and shales ranging in age from middle
Cambrian to early Ordovician. Previous studies have shown
that these rocks were deposited as a "base-of-slope sediment

apron”, downslope from a carbonate platform.

A total of 143 samples from five sections spanning the
Cooks Brook and Middle Arm Point formations were collected
for conodonts and other microfossils. Of these, 18 samples
yielded identifiable conodonts and 19 samples yielded
various types of phosphatic problematica. Systematic study
of the conodonts have resulted in the identification of 68
species which are assignable to 36 genera. Three new unnamed

genera have been described.

The conodont fauna permits the recognition of six standard
uppermost Cambrian-lowermost Ordovician conodont zones
within the Cooks Brook Formation. These zones are: (i)
Proconodontus tenuiserratus Zone, (ii) Proconodontus
nuelleri Zonme, (iii) Eoconodontus Zonme, (iv) Cordylodus
proavus Zone, (v) Cordylodus angulatus Zone and the (vi)
Loxodus bransoni Interval.



The conodonts from the lower part of the Middle Arm Point
Formation are assigned to Fauna D of Ethington and Clark
(1971) while conodonts from the uppermost Middle Arm Point

Formation are assigned to the Prieniodus elegans Zone.

Based on the conodont fauna the age of middle and upper
Cooks Brook Formation ranges from uppermost Franconian to
middle(?) Tremadocian. The Middle Arm Point Formatfon, on
the other hand, ranges in age from middle(?) Tremadocian to
lower Arenigian. Within the Cooks Brook Formation, the
Gambro-Ordovician Boundary can be placed either at the base
of the Cordylodus proavus Zone or at the base of the

Cordylodus angulatus Zone.

The abundance and distribution of conodonts within the
Cooks Brook and Middle Arm Point formations show strong
environmental control and suggest that most of these

conodonts were benthic or nektobenthic in habict.

The phosphatic problematica recovered from the Cooks Brook
and Middle Arm Point formations exhibit a variety of
morphologies and have been divided into four broad, informal
groups. namely (i) phosphatic plates and related
microfossils, (ii) spherical microfossils, (iii) tubular
microfossils, (iv) miscellaneous microfossils and (v)

nauplius-like larvae. This large fauna, most of which is




previously undescribed, have been described in detall using
open nomenclature. Of the previously described forms, three
new types (species?) of Anatolepis Bockelie and Fortey are
described and the significance of this type of fossil in the
earliest history of vertebrates is discussed. The presence
of nauplius-like larvae in the Middle Arm Point Formation Is
of special interest as this is the first reported find of

such fossils in North America.

(KEY WORDS: Conodonta, Cambro-Ordoviclan, Bay of Islands,
western Newfoundland, Cooks Brook Formation, Middle Arm
Point Formation, Curling Group, Biostratigraphy, Cambro-
Ordovician Boundary, Paleoecology, Taxonomy, Phosphatic

problematica, Nauplius-like larvae)



vi

Dedication
To My Parents

Who still do not understand why I became a
paleontologist, but have continued to support me in

my
endeavors anyway.




ACKNOWLEDGEMENTS

This project could not have been undertaken without the
advice, encouragement and criticism of my supervisor Lars E.
Fahraeus who was always there to answer my questions and to
listen to all of my outrageous and not so outrageous ideas.
1 take this opportunity to express my sincerest gratitude to
him. Jack W. Botsford not only introduced me to the varlious
sections, but also shared his knowledge of the Bay of
Islands area as well as his sedimentologic data, thereby
making the task a lot easier for me. I am extremely grateful
to him for all the help. Sincere thanks are also due to R.
K. Stevens for offering encouragement and sharing his vast
knowledge in various fields.

Financial support for this study was provided by Natural
Sciences and Engineering Research Council of Canada Funding
to L. E. Fahraeus, and by The Memorial University of
Newfoundland in the form of Graduate Fellowship, Bursary and
Teaching Assistantships.

Parts of this study have benefitted greatly from
discussions with Felicity 0'Brien, S. H. Williams, S.R.
Westrop and C. P. G, Pereira. C. C, Davis is thanked for
sharing his knowledge of the biology of copepods. J. H.
Lipps of University of California, Berkeley, is thanked for
commenting on some of the phosphatic problematica. Carolyn
Emerson is thanked for her extremely generous help and

sdvice during the countless hours spent on the scanning



viii
electron microscope. P. Brown, M. Moore, A. Reid and C.
Clarke are thanked for continued administrative support and
W. Marsh for photographic advice.

1 would also like co thank Aubrey and Ted Sheppard and
family of Cox's Cove for providing invaluable assistance and
hospitality during fieldwork.

My €riends and fellow students at Memorial have not only
provided moral support and comraderie but through regular
discussions involving a wide range of topics over countless
bottles of beer have certainly helped improve the quality of
this work. I would particularly like to thank James
Waterfield, Rob Grenier, Chris Ryley, Peggy Harrigan,
Nathaniel Ostrom, Kerry Sparkes, Ewan Cumming. Mike Gipp,
Louise Quinn, Sheila Stenzel, Ganter Suhr and Jeroen van
Gool and the past and present occupants of Decadence Alley
and Death Row for making my stay in St. John's extremely
memorable.

1 would also like to acknowledge the continued moral and
financial support from my family over the years which has
certainly made life a lot easier for me.

Finally, in a project like this there are so many people
involved that it is impossible to acknowledge everybody
tndividually. So to all those people directly or indirectly
involved in this project and not mentioned here, thank you

too.



{
|
i
b

;
|

Table of Contents
Frontispiece
Abstract
Dedication
Acknowledgements
Table of Contents
List of Figures
1. Introduction
1.1. Introductory remarks
1.2. Regional Geology
1.3. Stratigraphy
1.3.1. Previous work
1.3.2. Curling Group, a few comments
1.3.3. Cooks Brook Formation
1.3.4. Middle Arm Point Formation
1.4. Depositional Model
1.5. Methods
1.5.1. Field Methods
1.5.2. Laboratory Methods
1.6. Purpose and scope of the study
2. Biostratigraphy
2.1. Cambro-Ordovician conodont zonation:

discussion.

2.2. Conodont Biostratigraphy of Cooks Brook

Formation.

22
26

27

38



3.

4.

2.3. Conodont Blostratigraphy of ¥iddle Arm

Point Formation.

Cambro-Ordovician Boundary

3.1. Introduction

3.2. Historical perspective

3.3. IWGCOB and the Cambro-Ordovician Boundary

3.4. Cambro-Ordovician Boundary within Cooks

Brook Formation.

Paleoccology

4.1, Introduction
4.2. Paleoecologic models for conodonts
4.3. Paleoecology of Cooks Brook and Middle
Arm Point Formations.
4. 3.1..Obsetvatlcns

4.3.2. Interpretation

5. Systematic Paleontology of Conodunts

Acanthodus Furnish, 1938
Amphigeisinidae Miller, 1981
Amphigeisina Bengtson, 1976
Ansella Fahraeus and Hunter, 1985

Chosonodina Miller, 1964
Clavohamulus Furnish, 1938
Cordylodus Pander, 1856
Drepanodus Pander, 1856
Drepsnoistodus Lindstrédm, 1971

Eoconodontus Miller, 1980

50

56
56
57
58
62

84
85
86
87
89
90
110
111




6.

lapetognathus Landing, 1982
Loxodus Furnish, 1938
Macerodus Fahraeus and Nowlan, 1978
Microzarkodina Lindstrém 1971
Qepikodus (Lindstrom)
Oistodus Pander, 1856
Paltodus Pander, 1856
Paroistodus Lindstrém, 1971
Phakelodus Miller, 1984
Periodon Hadding, 1913
Prioniodus Pander, 1856
Procomodontus Miller, 1969
Prooneotodus Miller and Nogami, 197
Brotopanderodus Lindstrém 1971
Rossodus Repetski and Ethington, 19
Sagittodontus Rhodes 1953
Scandodus Lindstrém, 1955
Scolopodus Pander, 1856
Semiacontiodus Miller, 1969
Teridontus Miller, 1980
Variabiloconus Landing et al., 1986
Hestergaardodina Maller, 1959
Genus indet.

Cambro-Ordovician Problematica
6.1. Introduction

6.2. Taxonomy of the problematica:

: ¥

83

an overview

xi



6.3 Phosphatic Plates and related microfossils
6.3.1. Introduction
6.3.2. Description of the fauna
Anatolepis Bockelie and Fortey
Anatolepis sp. A
stolepis sp. B
7anatolepis sp. C
Gen. et sp. indec. 1
Gen. et sp. indet. 2
Gen. et sp. indet. 3
Cen. et sp. indet. &
Gen. et sp. indet. 5
Gen. et sp. indet. 6
Gen. et sp. indet. 7
Gen. et sp. indet. 8
Gen. et sp. indet. 9
Gen. et sp. indet. 10
Gen. et sp. indet. 11
6.3.3, Affinites of phosphatic plates:
a brief discussion.
6.4. Spherical Microfossils
6.4.1. Introduction
6.4.2, Description of the fauna
Gen. et sp. indet. 12
Gen, et sp. indet. 13

Gen. et sp. indet. 14

207
207
209
211

213

235
238
239
241

244




Gen. et sp. indet. 15
Gen. et sp. indet. 16
Gen. et sp. indet., 17
Gen. et sp. indet, 18
6.5. Tubular microfossils
6.5.1. Introduction
6.5.2. Description of the fauna
Gen. et sp. indet. 19
Gen. et sp. indet. 20
Gen. et sp. indet, 21
Gen. et sp. indet. 22
6.6. Miscellaneous microfossils
Phosphannulus
Mdller, Nogami and Lenz, 1974
Species A

Species B

o

Species

-

Species
species II
Species III
Gen. et sp. indet. 26
Gen. et sp. indet. 27
Lapuorthella Cobbold 1921
Species 1

6.7. Nauplius-like Larvae

6.7.1. Introduction

254

256

259
259
260

260

263
264
265
265

267
267

268

269
270
271
271
272
273
273

xitf



6.7.2. Occurrence and preservation 276
6.7.3. Morphology of recent 276

Crustacean Larva

6.7.4 Systematic description 279

Larva Type 1 279

Larva Type 2 280

6.7.5 Discussion 281

7. Concluding Remarks 283
References Cited 284 .
Plates 302 i

Appendix A: Geologic Map, Middle Arm, (1 oversize sheet)

Bay of Islands

Appendix B: Stratigraphic Sections (1 oversize sheet)

Appendix C: Abundance Table

i

o

e



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Flgure

1-1:

1-2

2-1:

2<37%

2-4:

2-5:

4-1:

6-1:

List of Flgures

(A) Slump folding at Northern Head 12
(B) North Arm Point section, general view
Schematic diagram showing the depositional 21
setting of Cooks Brook Formation

during the Cambrian time.

schemactlc diagram showing the depositional 24
setting of the Middle Arm Point Formation
during the Ordoviciau time.

Conodont zonation for the Cooks 40
Brook Formation.

Ranges of conodont species in the 4an
Northern Head section.

Ranges of conodont specirs in the Woman 46
Cove section,

Ranges of conodont species in the North 49
Arm Point section.

Ranges of conodont species in the Eagle 53
Island South and Eagle Island North sections.
Paleophycus Type D burrows on the bedding 77
plane at Eagle Island North.

Qualitative plots of major element 219

compositions of A. sp. A. (A) Plate

surface (B) Tubercle covering.



Flgure

Figure

Flgure

Figure

Figure

Figure

Flgure

6-2:

6-3:

6-4:

6-5:

6-6:

6-7:

6-8:

Qualitative plots of major element
compositions of (A) A. sp. A and

(B) A. sp. B.

Qualitative plots of major element
compositions of (A) A. sp. C and

(B) Gen. et sp. indet, 1

Qualitative plots of major element
compositions of (A) Gen. et sp. indet.

and (B) Proconodontus tenuiserratus.

Qualitative plots of major element
compositions of (A) Cordylodus hastatus
and (B) Gen. et sp. indet. 7.
Qualitative plots of major element
compositions of (A) Gen. et sp. indet.
and (B) Gen. et sp. indet. 10.
Qualitative plots of major element
compositions of (A) Gen. et sp. indet.
and (B) Species I.

Qualitative plots of major element
compositions of (A) Larva Type I and

(B) Larva Type II.

6

11

275




CHAPTER 1

INTRODUCTION

1.1 Introductory remarks

The Cooks Brook and Middle Arm Point formations situated
in Bay of Islands, western Newfoundland consist of an
allochthonous deep-water carbonate sequence rangimg in age
from middle Cambrian to early Ordovician. A number of
conodonts and phosphatic problematica recovered from this

suite of rocks form the focus of this paleontologic study,

1.2 Regional Geology

The westernmost part of the Appalachian Orogen in
Newfoundland is called the Humber Zone (Williams, 1979) and
consists of a thick package of autochthonous mlogeoclinal
sediments of Lover Cambrian to Middle Ordovician age which
is structurally overlain by two allochthons. These two
allochthons are, (a) the Humber Arm Allochthon and (b) the
Hare Bay Allochthon to the north. The Cooks Brook and
Middle Arm Point formations are part of the Humber Arm
Allochthon. According to Stevens (1970), the rocks of the
Humber Zone record the growth and destruction of an Atlantic
type continental margin on the northern side of the lapetus
Ocean. This zone is bordered on the eastern side by the
Dunnage Zone which, according to Williams (1979), represents

the remains of an ancient ocean. The Humber Arm and the



Hare Bay allochthons were emplaced during the Middle to Late
Ordovician Taconic orogeny which is generally camsidered to
mark the initial closing of the Iapetus Ocean,

The authochthonous succession within the Humber Zone
consists of the Lower to Middle Cambrian Labrador Group, the
Middle to Upper Cambrian Port Au Port Group (Chow, 1986),
the Lower Ordovician St. George (Knight and James, 1987) and
Table Head (Klappa et al., 1980) groups and the Mainland
Sandstone (Schilleref and Williams, 1979) and its
equivalents.

The Humber Arm Allochthon consists of the Humber Arm Super
Group (Stevens, 1970) and the Bay of Islands Ophiolite
Complex. Within the allochthon, structural slices of igneous
and volcanic rocks occur locally (Botsford, 1988). The
Humber Arm Allochthon exhibits structures related to three
major tectonic events. The westward emplacement of the
allochthon during the Taconic Orogeny is reflected
structurally by dominant thrust imbrication (Botsford, 1988)
which were modified by the Devonian Acadian Orogeny
(Williams, 1979). It has been proposed (Williams, 1979,
Bosworth, 1985, Waldron, 1985) that the high angle normal
faults which affect the deformed sediments within the

allochthon are the result of the Alleghanian Orogeny.



1.3 Stratigraphy
1.3.1 Previous Work

The first study dealing with the rocks in the Humber Arm
area appears to be that of Murray who, in 1874, mapped them
on a regional scale and subdivided them very broadly into
the Levis Shales, Sillery Sandstones and "Serpentines etc.".

Schuchert and Dunbar (1934), in their comprehensive study
of the sedimentary rocks of western Newfoundland, introduced,
for the first time, the term "Humber Arm Series" for
sedimentary rocks exposed in the Bay of Islands arca. They
described the type section of this serfes as : "(The Humber
Arm Series) begins with a great thickness of dark shales,
exposed near the mouth of the Humber River. These are
followed on the west by another group of strata in which
there are many zones of quartzite and a few limestonc
conglomerates interbedded in greenish shale, together with a
few red shale zones. West of these the land is occupied for

several miles by dark shales and thick zones of thin-bedded

limestones, with prominent beds of limestone conglomerat
This crudely subdivided series was interpreted as a Middle
to Upper(?) Ordovician package stratigraphically overlying
the Lower Paleozoic carbonate sequence of western
Newfoundland.

Walthier (1949) attempted a more detailed subdivision of

the Humber Arm Series and recognized three lithological



divisions. These were (1) the Lower Humber Arm shales,
sandstones and conglomerates succeeded by (i1) the Cooks
Limestone which in its turn was succeeded by (iii) the Upper
Humber Arm black shales and sandstones. Although this sub-
division is more detailed than cthat of Schuchert and Dunbar
(1934), the Humber Arm Series was still interpreted as a
sequence of Middle to Upper(?) Ordovician sedimentary rocks
stratigraphically overlying the Lower Paleozoic carbonates
of western Newfoundland. In fact, this misconception about
the stratigraphic contact between the Lower Paleozoic
carbonates and the Humber Arm Series was to persist for a
long time until Rodgers and Neale (1963) finally proved the
allochthonous nature of the Humber Arm rocks and proposed
that these rocks are coeval with the Lower Paleozoic
carbonate succession of western Newfoundland.

Lilly (1963) gave group status to Schuchert and Dunbar's
“Hunber Arm Serfes” and divided this new Humber Arm Group
into five separate divisions. From bottom to top these were,
(1) Undivided shales (mainly dark shales) (ii) Penguin Arm
quartzites (partly interbedded quartzites) (iii) Penguin Arm
Limestone formation (thinly bedded limestones) (iv) Western
Sandstone formation (shales with interbedded sandstones) and
(v) Humber Arm volcanic rocks (a thick sequence of basalts,
andesites and lesser amounts of rhyolites). As far as the
relationship of this group with the underlying rocks was

concerned, Lilly concluded, "This group overlies the main



carbonate groups with great unconformity.” (underlining
mine).

McKillop (1963) in a regional study also recognized a
tripartite division of the Humber Arm Group consisting of
(i) a dominantly shaly lower member (ii) a middle member
composed of quartzitic conglomerates, sandstonmes and some
interbedded shales and (1ii) a mainly shale-rich upper
member with lenticular calcirudites near the base.

The broad stratigraphic framework currently in use in the
Bay of Islands area was first proposed by Stevens (1965).
Although this original proposal of Stevens has undergonc
certain modifications over the years it still remains uscflul
and forms the basis for the stratigraphic framework adopted
in this study as discussed later. In this early study by
Stevens, the Humber Arm Group was regarded as ranging in age
from Early Cambrian to Middle Ordovician and was subdivided
into five different formations which were separated by
transition zones. From bottom to top these were (i)
Summerside Formation, (ii) Meadows Formation, (iii) Cooks
Formation, (iv) Middle Arm Point Formation and (v) Woods
Island Formation.

The studies of Stevens (1965) and Brickner (1966)
contributed immensely to the understanding of the
allochthonous nature of the "Humber Arm Group". The
stratigraphic scheme in the study by Brickner (1966) is

similar to that of Stevens (1965) for the most part. The siz



formations proposed by Bruckner were, from bottom to top,
(1) “ummerside Formation, (ii) Irishtown Formation, (iii)
Cooks Brook Formation, (iv) Middle Arm Point Formation, (v)
Blow-Me-Down Brook Formation and (vi) Humber Arm Volcanics.

The terminology was further modified when Stevens, in a
1970 paper, proposed the name Curling Group for the
transported sediment packages underlying the Bay of Islands
ophlolite sequence. The name Curling Group thus replaced the
name "Humber Arm Group” of earlier workers. In that

particular study the name Humber Arm Supergroup was also

invoked, for the first time, to refer to all the transported
sediment packages belonging to the Curling Group and the Cow
Head Group to the north.

The most recent study dealing with the stratigraphy of the 1
Bay of Islands area is by Botsford (1988). In this :
comprehensive study, he used the name Curling Group to refer
to the mainly clastic sequence of the Jummerside and
Irishtown formations. A new name, Northern Head Group, was
fntroduced for the limestone and shale dominated Cooks Brook
and Middle Arm Point formations of Stevens (1965) while the
easterly-derived flysch underlying the Bay of Islands

Igneous Complex was given the name Eagle Island Formation.

1.3.2 Curling Group, a few comments

It is clear from the above discussion that although the

basic stratigraphic framework applicable to the transported



|
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sedimentary sequences of the Bay of islands acea remains
essentially similar to that proposed by Stevens (1965), the
nomenclatorial scheme is still in a state of flux. Until
this confusion over nomenclature is formally resolved {t is
difficult to follow any one stratigraphic scheme while
working in the area. The stratigraphic scheme used in this
study is derived from Stevens (1970) and Botsford (1988).
The definitions of Cooks Brook and Middle Arm Point
formations used in this study are from Botsford (1988) and
these definitions are believed to be valid and preferable
over the earlier definitions. However, Botsford, as stated
before, invoked the informal name Northern Head Group for
Cooks Brook and Middle Arm Point formations. In my opinion
the introduction of this new division is not really
necessary as the two formations in question can quite easily

be placed under the Curling Group (sensu Stevens (1970)), as

has traditionally been done. The Eagle Island Formatlon, as
defined by Botsford, consists only of the easterly-derived
flysch and hence is preferable over the Blow-Me-Down Brook
Formation which included the flysch as well as some of the
tectonic melange. Thus the term Curling Group in this study
consists of five formations namely, (i) Summerside
Formation, (ii) Irishtown Formation, (iii) Cooks Brook
Formation, (iv) Middle Arm Point Formation and (v) Eagle
Island Formation.

The focus of this particular study is on the Cooks Brook



and Middle Arm Point formations and hence these have been
dealt with in more detail in the following sections. For a
detailed description of the other formations within the
Curling Group see Stevens (1970) and Botsford (1988).

Due to the deformed nature of the rocks in the Bay of
Islands area, continuous sections spanning the Cooks Brook
and Middle Arm Point formations are absent. The
stratigraphy, thus, has to be assembled by piecing together
structurally isolated sections spanning various parts of the
two formations. This task has been done yuite admirably by
Botsford (1988). The following descriptions are based mainly
on Botsford’'s work supplemented by the authors personal
field observations. Due to the nature of this study, it is
neither possible nor necessary to include an extremely
detailed discussion of all the different units present in
the area. A gencralized discussion of the two formations and
the six sections studied is presented here and the
interested reader is referred to Botsford (1988) for a

detailed treatment of the subject.




1.3.3 Cooks Brook Formation

The Cooks Brook Formation is best exposed between HalEway
Point and Ciles Point in the form of the "Cooks Brook
Syncline® from where it derives its name. It is also exposcd
along the north shore of the Middle Arm (Appendix A), in
isolated fragments within the "Rattler Window" and on the
opposite shore of the Humber Arm. The Cooks Brook Formatlon
1s underlain by the Irishtown Formation and overlain by the
Middle Arm Point Formation. The contact between Cooks Broolk

and Middle Arm Point formations is transitional. The base ol

the Cooks Brook Formation, according to Botsford (1988),
placed at the first carbonate bed which appears above the
black shale-dominated interval of the uppermost Irishtown®.
Due to its deformed nature, the total thickness of the Cooks
Brook Formation is difficult to ascertain. The total
composite thickness of the formation has been estimated to
be approximately 350 metres by Botsford (1988).

The lowermost part of the Cooks Brook Formation has been
termed the Irishtown/Cooks Brook transition interval by
Botsford (1988). This fairly distinctive interval is best
exposed at the type section at Halfway Point. Among the
sections studied here, the interval is present at Northern
Head. At Northern Head this interval has been disrupted by
faulting (Appendix B).

The lithology of this transition interval is a mixture of



carbonates and shales. The carbonate part includes granule
to pebble conglomerates and isolated beds of grainmstone,
which commonly are dolomitic. The lower part of the interval
is dominated by grey or black shales interbedded with
carbonates while the upper half is dominated by
black/green/dolomitic banded shale (Botsford, 1988).

Although the transitional basal interval of the Cooks
Brook Formation is generally similar in all the sections, it
is overlain in different sections by units of different
ages. According to Botsford (1988) this "suggests a
localized and variously punctuated onset of carbonate
sedimentation."

At cthe type section of Cooks Brook Formation, the
lovermost interval is overlain by the conglomerate dominated
Halfway Point Member. However, this member is not well
defined in the sections examined in this study and hence is
not dealt with in detail herec.

The Lowermost Cooks Brook Interval is overlain at Northern
Head by the Brakes Cove Member (Botsford, 1988) (Appendix
B). This member is also present in the Woman Cove section.
The thickness of this unit has been estimated as 12 to 15
metres (Botsford, 1988). This member consists mainly of
conglomeratic units interbedded with nodular to ribbon
limestone. The conglomsrates are dominated by pebble to
cobble sized clasts and the units often have a lensoid

appearance.
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The Brakes Cove Member is conformably overlain by a ribbon

lime grainstone interval at the Northern Head section

(Appendix B). This lime grainstone interval is also
parctially present at the Woman Cove section. At Northern
Head the thickness of this interval has been estimated as

100 metres. Isolated packages of parted 1i

grainstone are
present in this interval. The carbonates of this interval
are interbedded with green and grey shales. Thin lenses of
platy conglomerates are also encountered within this
interval. A zone of very chaotic folding occurs within this
interval (fig. 1-1) and, according to Botsford (1988), this
folding may be slump-related. The upper part of this ribbon
lime grainstone interval, at Northern Head, contains

rippled, dark 1i

grainstone beds 15 to 20 centimetres
thick and some intraformational conglomerates. The topmost
part of the section consists of parted limestone and some
minor conglomerate beds. An important characteristic of the
ribbon lime grainstone interval is the presence of abundant
quartz sand-grains in the carbonates (Botsford, 1988). Thesec
sand grains are easily discernible in thin section but are
not visible in the field. Most of the grainstones of this
interval contain these well rounded, medium to fine grainecd
quartz grains,

At Woman Cove section the Brakes Cove Member is overlain

by a shale and mudstone dominated interval



Figure 1-1. (A) Slump folding at Northern Head (B) North

Arm Point section, general view.



(Botsford, 1988) in contrast with the lime grainstone
interval at Northern Head. In addition, a second
conglomeratic interval, somewhat similar to that at Northern
Head, also occurs in this section (Appendix B).

At Northern Head, the lime grainstone interval is followed
upvards by a prominent conglomerate occurring within a
parted ribbon lime grainstone sequence (Appendix B). This
has been termed the lowermost Ordovician conglomerate by
Botsford (1988). The conglomerate consists of pebble- to
boulder-sized clasts and is about 2 meters in thickness. The
conglomerate unit exhibits planar boundaries and does noct
seem to have any internal grading. According to Botsford
(1988) this conglomerate represents the youngest polymict
conglomerate within the Curling (Northern Head of Botsford)
Group.

The topmost part of the Cooks Brook Formation is dominatecd
by a ribbon limestone interval (Tremadoc ribbon iimestone
interval of Botsford). This sequence is exposed in a number
of sections. At Northern Head this interval has been
disrupted by normal faulting but according to Botsford
(1988) is in stratigraphic continuity with the underlying
conglomerate described above (Appendix B). This sequence is
also present at the core of a very complexly deformed
anticline at Eagle Island south and at the base of the HNorth

Arm Point section (Appendix B). A highly deformed interval



of similar lithology occurs at Woman Cove and has been
correlated with this sequence by Botsford (1988). This
interval is always either deformed or only partially exposed
and hence its total thickness is extremely difficult to
judge. A thickness of 30+ meters has been estimated by
Botsford (1988), which seems to be reasonable. Although this
interval {s overlain by the basal member of the Middle Arm
Point Formation (Woman Cove Member) the nature of the
contact between the two is difficult to interpret due to the
structural complexities. The lithology of this interval
varies somewhat from section to section and because of the
nature of exposures the mutual relationships of the sections
containing this interval is not understood (Botsford, 1988).
At Eagle Island south, this interval is present as interbeds
of lime mudstone within a very tightly folded interval of
black shales. At Northern Head the interval is fault bounded
and consists of laminated black shales and interbedded lime
mudstones. This interval occurs at the base of the section
at North Arm Point and consists of finely laminated
siliceous black shale interbedded with lime mudstone
(Appendix B). The shale is often quite organic-rich and the
lower part of the section also contains lensoid pebble
conglomerates (Botsford, 1988). Here the topmost part of
this interval contains a thin band of chert and passes
upwards into sequence dominated by interbedded black and

green shales.
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1.3.4 Middle Arm Point Formation

The Middle Arm Point Formation stratigraphically overlics
the Cooks Brook Formation, Stevens (19€5) defined the base
of this formation as the base of a yellow-weathering silty
dolostone unit immediately overlying the uppermost Cooks
Brook Formation (Appendix B). This dolostonme unit is quite
distinctive, easily mappable and forms a very good
lithologic marker. The basal member of the Middle Arm Point
Formation is termed the Woman Cove Member (Botsford, 1988).
Exposures of this member are present at Woman Cove and
North Arm Point (fig. 1-1). The type section of this member
is at North Arm Point (Appendix B). A similar unit is also
present at Eagle Island South (Appendix B), but the
relationship of this unit is hard to determine due to its
deformed nature (Botsford, 1988). As a whole, this unit is
characterized by the presence of yellow-weathering silty
dolostone beds which are often bioturbated and cross-
laminated. Botsford (1988) interpreted the dolomite present
in these units as "detrital dolomite" based mainly on
petrographic evidence. The thickness of this member varies
from about 12 metres at North Arm Point to about 17 metres
at Woman Cove. This interval is underlain by units of
somewhat different nature at North Arm Point and Woman Cove.
At North Arm Point the Woman Cove Member overlies a sequence

of interbedded black and green shale, ribbon limestone, lime



mudstone and some conglomerates. The underlying unit at
Woman Cove section is composed of ribbon limestone. At Woman
Cove the dolomites are succeeded by a unit of green shale
with thin beds of lime mudstone and minor granule
conglomerate lenses while at North Arm Point a conglomerate
consisting of pebble sized clasts immediately overlies the
dolomites (Botsford, 1988). At Eagle Island South the
dolostones ara followed upwards by a shaly sequence which in
turn is overlain by a pebble conglomerate.

At North Arm Point a sequence of parted lime grainstone
appears above the shales overlying the Woman Cove Member
(Appendix B). Exposi‘es of this interval are also found on
Eagle Island and in a cove just east of North Arm Point
(Botsford, 1988). The exposures of this interval on both
sides of North Arm Point have been interpreted as occuring
on the opposite limbs of an isoclinally folded and sheared
anticline (Botsford, 1988). The thickness of this unit is
about 10 meters. At North Arm Point both the upper and lower
contacts of the unit are sheared. However, these have been
interpreted as sedimentary and not tectonic due t: the
gradual change of the lithology across fthese boundaries
(Botsford, 1988). This sequence as a whole consists of dark
coloured lime grainstone interbedded with black shale. The
limestone is often bioturbated and exhibit infrequent
ripples.

The lime grainstone interval is overlain by the North Arm



Point Member. The type section of this member is at North
Arm Point and exposures also occur on Eagle Island. The
total thickness of this unit is about 20 to 22 meters. This
sequence is composed mainly of siliceous green shale
(Appendix B). The shale contains thin interbeds of black
shale and thicker packages of dolomite. The dolomites often
exhibit cross-lamination. At North Arm Point this member is
overlain by shales and red cherts. The upper part of the
member shows evidence of shearing but again has been
interpreted as transitional as it contains interbeds of the
overlying red shale (Botsford, 1988).

The North Arm Point Member is succeeded by the uppermost
Middle Arm Point Formation (Botsford, 1988). Exposures of
this interval are common at North Arm Point, Eagle Island
South and Eagle Island North among other places (Appendix
B). This unit is dominated by red, black and green shales
with some thin interbeds of carbonates. The shales of this
interval are often silicified and occur as chert throughout
the interval. Due to its shaly (cherty) nature this sequence
has not been sampled and is outside the scope of this study.

As stated before, the Middle Arm Point Formation is
succeeded upwards by the Eagle Island Formation which is
dominantly clastic in nature and hence is not discussed

here.



1.4 Depositional Model

The most comprehensive work on the depositional history
of the Cooks Brook and Middle Arm Point formations is by
Botsford (1988). In that study, he disputed the conventional
notion of these two formations being the distal equivalents
of the more famous Cow Head Group to the north and proposed
a new depositional model for them. The following is an
attempt to summarize the salient features of the model
proposed by Botsford (1988).

The Cooks Brook and Middle Arm Point formations are
generally interpreted as parts of a carbonate "base-of-
slope" apron which was probably deposited downslope from a
Lower Paleozoic carbonate platform. This carbonate apron is
underlain by the clastic rocks of the Irishtown Formation
which, according to this model, were deposited in a
submarine fan environment. The style of sedimentation within
the Cooks Brook and Middle Arm Point formations shows
considerable variation through time and this has been
interpreted to be the result of the changing nature of the
platform margin itself.

As a whole the Cooks Brook Formation appears to have been
deposited in a poorly oxygenated and fairly deep water
environment. This setting is characterized by the presence
of hemipelagic black shales and resedimented carbonates,
probably derived from the platform by gravity-transport

mechanisms. The earliest sediments of the Cooks Brook



Formation were probably deposited at the mouths of submarine
canyons and were later covered by extensive debris flow
deposits and carbonate turbidites derived from the shallow-
water platform margin occuring upslope from the depositional
site (Fig. 1-2). The presence of gravity-transported
carbonates within the Cooks Brook Formation appears to have
decreased through time while hemipelagic sedimentation
persisted longer.

The transition from Cooks Brook to Middle Arm Point
Formation seems to be characterized by a major change in the
style of deposition. Middle Arm Point Formation is more
shale rich compared to the Cooks Brook Formation. The
sediments of the Middle Arm Point Formation also contain
abundant dolomite and frequently show evidence of reworking
by bottom currents. These observations combined with the
presence of extensive bioturbation, a "suboxic diagenetic
regime” and a marked decrease in the presence of shelf and
slope derived organic carbon has led to the postulation that
the sediments of Middle Arm Point formation were deposited
under more oxygenated conditions than that of the Cooks
Brook Formation (see Botsford, 1988 for detailed
discussion). According to Botsford's model, the style of
deposition of the Middle Arm Point sediments seems to
indicate the development of a new, "low-relief" carbonate
platform margin upslope from the depositional site at that

time (Fig. 1-3). This low relief platform margin continued
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Figure 1-2
Schematic dlagram showing the depositional setting of the
Cooks Brook Formation during the Cambrian times (from

Bocsford, 1988).
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until lower Ordovician (uppermost Tremadoc?) times when it
gradually started collapsing. The last stage in this
sequence of events is marked by the arrival of the
sandstones of the Eagle Island Formation which finally
burried the crumbling carbonate margin.

The depositional model proposed by Botsford (1988) offers
quite an elegant explanation for the sequence of events
observed in the rocks of Cooks Brook and Middle Arm Point
formations and as discussed later seems to conform with the

paleontologic data obtained in this study.

1.5 Methods
1.5.1 Field Methods

The fieldwork for this study was undertaken during the
summer of 1987. In the Bay of Islands area, rocks belonging
to the Cook's Brook and Middle Arm Point formations are
exposed mainly along the shoreline (Appendix A) and hence
are easily accessible by boat. Fieldwork was based out of
the town of Cox's Cove on the southern shore of Middle Arm.

Samples were collected from five different sections
spanning the Cook's Brook and Middle Arm Point formations
(Appendix A). These sections are : (i) Northern Head, (ii)
Woman Cove, (iii) North Arm Point, (iv) Eagle Island South
and (iv) Eagle Island North. All these sections were logged
in detail in a previous study by Botsford (1983). These

stratigraphic logs were checked during this



Figure 1-3
Schematic diagram showing the depositional setting of the
Middle Arm Point Formation during the Ordoviclan times (Ffrom

Botsford, 1988).
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study and were found to be accurate. Hence Botsford's
sections have been used for this study with some minor
modifications (Appendix B). As this is the first major study
of Cambro-Ordovician microfossils from the Cook's Brook and
Middle Arm Point formations, efforts were made to sample all
the different lithologies present. The sample size varied
from 2 to 4 kilogrums. Fifty-seven samples were collected
from the Northern Head section, thirty- seven from the Woman
Cove section, twenty-four from the North Arm Point section,
twenty-four from the Eagle Island South section and one
sample from the Eagle Island North section, The sample
numbers can be interpreted as follows: the capital lectters
are abbreviations of the name of the section from which the
sampie was collected (e.g. NAP = North Arm Point) while the
number following the abbreviation denotes the position of
the sample in the section, a higher number representing a
higher stratigraphic position (e.g. NAP 24 is
stratigraphically higher than NAP 12).

The Bay of Islands area as a whole is highly tectonized
and all the sections described in this study have suffered
from extensive thrusting and complex folding. These
structural complexities sometimes tend to obscure the
stratigraphic relationships of different units. Efforts
vere made to resolve these problems in order to achieve as
much stratigraphic control as possible under the

circumstances. However, it should be recognized that most of



the sections used in this study are composite sections and

it is quite possible that there are some gaps or overlaps.

1.5.2 Laboratory methods

A total of 143 samples each ranging in weight from 2kg to
4kg vere dissolved in 10% acetic acid. The residues were
sieved under water and then separated using Sodium
Polytungstate at a spe:ific gravity of 2.81. The heavy
residues were picked and sorted using standard methods.
Samples which failed to dissolve in acetic acid were further
treated with 10% formic acid solution. This procedure,

however, failed to produce any appreciable results.
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