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'"
ABSTRACT

The Cooks Drook and Middle Ar. Point forllatlons, 5{tuncr'ld

In Bay of Islands, lI"stern NewfoundlAnd .."Inly consist of

deep·vater carbonates and shales ran&lflg in age Cro... lddle

Cambrian to 'arly Ordovl.c::Lan. Previous studies have ,hown

that these rocks vere deposited as • "base·of slope sedlllt!llt

apron-, dovnslope from a carbonate platform.

A total of 14) samples from five sections sp;lnl\[n~ the

Cooks Brook and Middle Arm Point fonutions werp. collectetl

for conodonts and other IIlcrofossils. or these, )8 sll.ples

yielded identifiable conodonts and 19 slIlIlples ylc1d .. d

various types of phosphatic problelllatlca 5ystc .."tlc :<tudy

of the conodonts have resulted in the identlflclltlnn of 68

specIes vhlch are assignAble to 36 genera. Three new unnnlu,d

genera have been descrlbed.

The conodont fauna perllits the recognltlon of six stnndnrtl

uppermost C.llbrian·lowetllost OrdovlciAn conodont zones

within the Cooks Brook forllation. These zones ore; (I)

Proconodontus l;enylgrriltl!s Zonl:!, (il) Proc9nod9ntu~

IIl!.!A.l.U.t.iZone,(ili)E9conod9ntusZ9ne,(lv)~

~Zone, (v) ~~Zonlland the (vi)

~2.I..!..Iu..£.nlntllrv"l.



The conodonts from the lover part of the Middle Arlll Point

Formation are assigned to Fauna D of Ethington and Clark

(1971) whUe conodonts from the upperlllost Middle Arm Point

Formlltlonarellsslgnedtothe~~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 ForrllItlon, on

the <.>ther hand, rDnges in age frorll IIlddle{?) Tremadocian to

lower Arenigian, \.Ilthin the Cooks Brook Formatlon, the

C,~mhro-Oruovlcllln Boundilry can be placed either at the base

ofthe~~Zoneoratthebaseofthe

The "hund.1nce and distribution of conodonts within the

Cooks Brook and Middle Arlll Point formations show strong

environmental control and suggest that lIost of these

cOfl<.>donts were benthic or nektobenthic in habi t,

The phosphatic problelllstica recovered fr<.>m the Cooks Brook

;lnd Middle Arm Point forlllations exhibit a variety of

morphologies and have been divided into four broad, inforlllal

groups, namely (i) phosphatic plates and related

mlcrofossil.s, (il) spherical IIlcrofossl.ls, (iii) tubular

microfossils, (iv) miscellaneous microfossils and (v)

n,lllpll\IS' I ike l.~rvae, Thts large fauna, mos t of which is



previously undescribed, have been descrIbed in detall uslng

open nomenclature, Of the previously deseribed for .. 5, three

nev types (species?) of~ Bockelie And fQrtey are

described and the signiHcance of this type of (coiosil in the

•• rliest histQry of vertebrates is discussed. Thp presI'nce

of n.uplius-like larvae in the Klddle Arll Point ronaation III

of special interest as this is the first reported find of

such fossils in North America,

(KEY '.lORDS: Conodonta. Ca",bro·Ordovlclnn. Boy of Islands,

western Newfoundl.nd, Cooks Brook forl!l::~:on. Kiddie fHIIl

Point For..ation, Curllng Croup. Biostratlgraphy, C,1mnro­

Ordovician Boundary, Paleoecolo~y, Taxono.y, PhosphOltlc

probleliatlca, Haupllus-llke larvl!e)
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CHAPTER 1

INTRODUCTION

1.1 Introductory remark:<

The Cooks Rrook and Middle Arm Point formAtions sitllatod

in Bay of Islands, western Newfoundland eonsist of an

alloehthonous deep-water earbonate sequence ranging in "1>('

froll middle Cambrian to early Ordovician. A nUlQber of

eonodonts and phosphatic problematica recovered fron this

suite of rocks form the focus of this paleontologic study

1.2 Regionlll Geolo&y

The westernmost part of the Appalachio~, Orogcn in

Newfoundland is called the Humber Zone (1I1l1io0l5, 1'.179) ,111d

consists of a. thick package of autochthonous IIlogcoctln,,1

sediments of Lower Canbrian to Middle Ordovician .1glJ whlcll

is structurally overlain by two allochthons, These tvo

allochthons are, (a) the Humber Au Allochthon and (b) t1n'

Hare Bay Allochthon to the north. The Cooks Brook i1nd

Middle Arlll Point formations are part of the HUlllber Arm

Allochthon. According to Stevens (1970), the rocks of thu

HUlllber Zone record ehe growth and destruction of an Atlantic

type continental margin on the northern side of the lapetu~

Oc:ean. This zone ls bordered on the eastern sIde by the

Dunnage Zonll whlch, according to II111iallls (1979), represu"t~;

the remains of In ancIent oee",,". The HUllber Arm and the



Hare Bay allochthons .... ere emplaced durIng the Middle to Late

Ordovician Taconic ol."ogeny whIch is generally can.!,ldered

mark the InItIal closing of the Iapetus Ocean.

The authochthonous succession .... ithin the HUllbel."

consists of the Lower to Mlddle Ca.mbrian Labrador Group, the

MIddle to Upper Canlbrla.n I'ort Au Pore Group (Cho .... , 1986),

the Lower Ordovician Se. George (Knight and James, 1987) and

Table Head (K1appa ~ !!..l., 1980) groups and the Mninland

Sandstone (Schilleref and II1111ams, 1979) and Its

equIvalents.

The Ilumber Arm Allochthon consIsts of the Humber Anll Super

Group (Stevens, 1970) and the Bay of Islands OphIolite

COllple". W'lthtn ehe allochthon, structural slIces of igneous

and volcanIc rocks occur locally (Botsford, 1988). The

llumber Arm Allochthon exhIbits structures related to three

major tectonIc events The westward emplacement of the

alloehthon durlng the Taeonic Orogeny Is reflected

structurally by dominant thrust imbrication (Boesford, 198B)

whIch were modIfied by ehe Devonian Acadian Orogeny

(W'lll1ams, 1979). It has been proposed (Williams, 1979,

Bos .... orth, 1985, Waldron, 1985) that the high angle normal

faults which affect the defor ..ed sedinleTlts WIthin the

allochthon are the result of the Alleghanian Orogeny.



1.3 StratI graphy

1.3.1 Previ.ous Work

The first study dealing \lith the rocks in the HUlcbcr I\rl~

area appears to be that of ~urray who, in 1874, llHl.ppcd thrm

011 a regional seale and subdivided them very broadly into

the Levis Shales, SUlery Sandstones and "Serpent.ines et.c,"

Schuchert. and Dunbar (1934), in their comprehensive study

of the sedimentary rocks of western Newfoundland, introduced,

for the first time. the terll ftHullIber Arll Series" for

sedimentary rocks exposed In the Bay of Islands nrCll. They

described the type section of thls series as "(The llumhcH

Arm Series) begins wlth a great thickness of dark shales,

exposed near the mouth of the Humber River Theso arc

followed on the west by another group of str"t" in whlch

there are many zones of quartzite and II few l1mestonc

conglollerates interbedded In greenish shale, together with

few red shale zones, West of these the land is occupled for

several lIiles by dark shales and thick zones of chln·bt:ddcd

limestones, with proBinent beds of limestone conglomerlltll'J.

This crudely subdivided series was interpret.ed as a ~iddll!

to Upper(?) Ordovician package stratigraphically ovcrlyln~

t.he Lower Paleozoic carbonate sequence of western

Newfoundland.

Ilalthlec (1949) attempted a more detailed subdivision 01

t.he Humber Arll Series and recognized three lithol"'r,iclli



divisions. These lIere (i) the LOller HUliber Arm shales,

sandstones and conglomerates succeeded by (1i) the Cooks

LilJestone IIhieh in its turn wes succeeded by (iii) the Upper

HUlJber Ar .. bla(;k shales and sandstones. Although this sub-

div{slon ls llIore detailed thsn that of Schuehert and Dunbar

(1934), the Humber Arm Series was still interpreted as a

sequence of Middle to Upper(?) Ordovician sedicentary rocks

stratigraphically overlying the Lower Paleozoic carbonat-es

of western Newfoundland. In fact, this lIlisconception about

the stratigraphic eontlct berween the Lower Paleozoic

carbonates and the Humber Arm Series was to p'ersist for a

long time until Rodgers and Neale (l963) finally proved the

allochthDnDus n;lture of the Humber Arm rocks and proposed

thllt these rocks are coeval \lith the Lower Paleozoic

carbonate succession of western Newfoundland.

LLlly (1963) gave group status to Schuchert and Dunbar'3

~lIullloer Arm Series M and divided this nell Humber Arm Group

into five separate divisions. From bottolJ to top these were,

(i) Undivided shales (mainly dark shales) (ii) Penguin Artl

quartzites (pllrtly interbedded quartzites) (iU) Penguin Ann

Limestone formation (thinly bedded limestones) (iv) Western

Sandstone formatian (shales with interbedded sandstones) and

(v) Ilumber Al"lII volcanic rocks (0 thick sequence of basalts,

andesites and lesser allounts af rhyolites). As far as the

relationship of this group with the underlying rocks was

concerned, \..illy concluded, "This group overlies the main



carbonate groupa wit.h grcat \lnconror.lhY.~ (underlining

mine).

HelCillop (1963) in a regional atudy alao recolonized II

tripartite division of the Huaber Ar. Croup conaistlnr. of

(1) a do.inantly shaly lover lI.elllber (ii) I lIIiddle me.ber

cn.posed of quartzltic congiolllerites, slndsrone. and sOllle

interbedded shales and (iiI) a ..ainly sh.le-rich uppcr

mellber with lenticular calclrudites near the bllse.

The broad stratigraphic framework currently in usc in

Bay of Islanda area II'S fiut proposed by Stevens (1965).

Although this orIginal proposal of Stovens has undergone

certain lIIodiflcations over the years it still remains ust,r"l

and for.s the blais for the stratl&raphlc frl.cwork adopt.,,1

in this study IS discussed later. In thl. early study by

Stevens, the Hu.ber Arlll Croup was regarded as rangin!, In :te"

fro. Early Callbrian to Middle. Ordovician and vas subdivldtlll

into fivi dlff.r.nt: forll.ations which vere separated by

cransition zon••. Fro. botto. to top theae were (1)

Su••ersLde Foraltion, (LL) Headolls Fonllltlon, (11.1.) CO<lk:o

For.ation, (Iv) HiddIe "rill Point For•• tlon and (v) Woods

Island Forlllation.

The studies of Stevens (1965) and BrOckner (l966)

contributed imaetuoly to the understanding of the

allochthonous nature of the "Hullber Arlll Croup". The

5tutigraphir schellle In the study by Bruckner (l96(') Is

5i.ilar to that of Stevens (1965) for the most part. The !llx



[orlllatlons proposed by Brutkner were, [rom bottom to top.

(I) ',unll~erside formation, (ii) Irishtown formation, (iii)

Cook,. Brook Formation, (h') Hiddle Arr~ Point formation, (v)

IHow-He·Down Brook formation and (vi) HUMber Arm Volcanics.

The terminology ....as further lIlodified when Stevens, in a

1970 poper, proposed the name Curling Group for the

transported sedirlent packages underlying the Bay of Islands

ophiolite sequence. The name Curling Group thus replaced the

Oll.e "Ilumb .. r Arm Group" of earlier .... orkers. In that

pllrticular 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

Ilelld Group to the north.

The lIlost recent study dealing with the stratigraphy of the

Ilay of Islands area is by Botsford (1988). In this

cOlllprehensive study, he used the name Curling Group to refer

to the nlllinly clastic sequence of the ':;ummel'side and

ldshtown fotmations. A new I'lame, NortherI'l Head Group,

introduced for the limestone and shale dominated Cooks Brook

and Hiddle Arm Point formations of Stevens (1965) while the

ellscerly-detlved flysch underlying the Bay of Islands

Igneous Complex .... as given the I'lama Eagle Island Formation.

1.3.2 Curling Croup, a few comments

It is clear frolll the above discussion that although the

basic stratigraphit framel%rk applicable to the cranspotted



sedilllenta-:y ~equlI'!nce~ of the Bay of ~1I1I\nd~ IIe'eR l"emRins

esse.ntially similar to that proposed by Stevens (l9(5), tho

nOlllencla.torial schelle is still in a state of flux. Until

this confusion over nomenclature is forlllally resolved it io;

difficult to follow anyone stratigraphic ,cherne while

\lorking in the area. The stra.tigraphic schelle used l.n this

study i, derived froll Stevens (1970) and Botsford (1988).

Tile definitions of Cooks Brook and Middle Arlll Point

formations u.sed in this study are from Botsford (1988) nnd

these definitions are believed to be valid lind preferable

over the earlier definitions. However, Botsford, as stated

before, invoked the informal nallle Northern Head Croup for

Cooks Brook and Middle Arll Point forllations. In lIy opinion

the introduction of this new division i& nat really

necessary as the two forillations in qu.estion can quite e,,~lly

be placed under the Curl1ng Group (llIl.liJ,l Stevens (1970), ,,~

has traditionally been done. The Eagle Island Formiltlon, Mi

defined by Rotsford, consists only of the easterly-derived

flysch and hence is preferable over the Blow-He-Oown Brook

Formation which ineiuded the flysch as well as :lome of th<.<

tectonic melange. Thus the terll Curling Group in this study

consists of five formations namely. (i) SUIIlllerside

Formation, (11) Irishtown Forllation, (iii) Cooks Brook

Formation, (tv) 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

detailed description of the other formations within the

Curling Group Sl!e 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 formRtions are absent. The

stratigraphy, thus, ha~ to be Rsselllbled by piecing together

structurally isolated sections spanning various parts of the

two formations. This task has been done "\Aite admirably by

Botsford (1988) The following descriptions are based mainly

on Rots ford' s work supplemented by the authors personal

fietd observations. Due to the nature of this study, it is

neither possible nor necessary to include an extremely

detAiled discussion of all the diff~rent units pre .. ent in

the area. A generalized discussion ef the two formations and

the six sections studied is presented here and the

interested reader is referred to Botsford (1'J88) for a

detailed treatment of the subj eet.



1.3.3 Cooks Brook For•• tlun

The Cooks Brook For.atlon 15 best exposed between 11.1 fWlly

Point and I;.i.les Point in the forla of the ~Cooks Brook

Syncline" froll vh.re it deriv.s its n •••. It 1. also expusod

.. long the north shore of the Middle Aria (Appendix A). In

isolated fragllents withi:'i the ""attler Window" and on the

opposite shore of the Humber ArID. The Cooks Brook FOrllllltioll

is underlain by the Irlshtown Formarion and overlaIn by tho

Middle Arlll Point Forllation. The contact between Cooks Stool'

and Middle Arlll Point formations is transitional. The b<lsO or

the Cooks Srook Forll.tion, according to Sots[ord (1988), "1:1

placed at the [irst carbonate bed which appears above tho

black shale-do.inatad interval of the uppermost lrlshtown~.

Due to its defor.ed nature, the total thickness of the Cook::

Brook For ..ation is difficult to ascertain. The total

co.posite thickness of the forllation has been estilillted to

be approxil&ataly 350 .atres by Botaford (19B8).

The lowerllost part of the Cooks Brook Forlution has been

terlled the Irishtown/Cooks Brook transition interval by

Sotsford (1988). This fairly distinctive interval is best

exposed at the type section at Halfw.y Point. Among thl!

sections studied here, the interval is present .:at Northern

Head. At Northern Head this interval has been disrupted by

faulting (Appendix R).

The lithology of this transition interval 1s a 1I1xturc o[



carbonates and shales. The carbonate part includes granule

to pebble conglomerates and isolated beds of grainstone,

which coramanly are dolomitic. The lower part of the interval

1s 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 Forlllstion is generally sillilar 1n all the sections, it

is overlain in different sections by units of different

ages. According to 80t5£ord (1988) this "suggests a

localiz;ed and variously punctuated onset of carbonate

sedimentation .•

At the type section of Cooks Brook Formation, the

lowermost interval is overlain by the conglomerate dominated

Ilalfway Point Member. However, this member is not well

defined in the sections exallined in this study and hence is

not dealt with in detail here.

The Lowermost Cooks Brook Interval is overlain at Northern

Ilelld by the Brakes Cove Me.ber (!otsford, 1988) (Appendix

B). This melnber is also present in the WOlllan Cove section.

The thickness of this unit has been estimated as 12 to 15

Illetres (Botsford, 1988). This member consists ttain1y of

conglomeratic units interbedded with nodular to ribbon

lillestone. The conglom~rates are dominated by pebble to

cobble sized clasts and the units often have a lensoid

appearance.

10



The Srakes Cove Kelllber is conformably overlain by a rIbbon

It •• gr.inston. interval at the North,rn He.d .. ectlon

(AppencHx !). Thi. 111118 grainstone interval Is also

partially present at the 1I01ll8n Cove .ec:t.lQn. At Koerhern

Head the thickness of this interval ha. been estl•• ted as

100 metres. I:.olated packages of parted lIllie grainstono nrc

present In this interval. The carbonates of this interval

are interbedded with green and grey .hales. Thin lenses of

platy conglomerates arl! also encountered within this

interval. A zone of very chaotic folding occurs vlthin thll'

interval (fig. I-I) and, according to Botsford (1988), thls

folding may be slulllp·related. The upper part of thIs ribbon

11l1e grainstona tntrrvaI, at Northern Head, cont!ilns

rlppled, dark lilll' &rainstone beds 15 to 20 tentliletres

th1.ck and sOlie intrafor.atlonal conslo_erates. The tOPIiOSt

part of the seCtion consists of parted li_estone and sOlie

IIlnor conglOllerate beds. An illportant characterlstic of the

rlbbon 11.Ile srainstone interval is th. presence of abundant

quart~ sand-grain' in the carbonate' (&otsford, 1988). Thesll

sand grain, are ea,ily dlscernlble in thin section but <lrc

not vlsible 1n th. field. Kost of th. gra1.n,tones of thIs

interval contl1.n these well rounded, lIediuli to fine grainod

quart:". grains.

At I./ollan Cove section the Brake5 Cove Mellber Is overlal.n

by a 5hale and llIudstone dOlllinated interval

II



A

Figure 1-1. (A) Slump folding at Northern Head (8) North

Arm Point section, general view.
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(Botsford, 1988) 1n contrast lIith the lille grainstone

interval at Northern Head. In addition, a second

conglomeratic interval, somewhat. similar to that at Northern

Head, also occurs 11'1 this section (Appendix B).

At Northern Head, the lime grainstone interval is followed

upwards by a prominent conglomerate occurring within II

parted ribbon lime grainstone sequence (Appendix R) This

has been termed the lowermost Ordovician conglomerate by

Botsford (1988). The conglollerate consists of pebble- to

boulder-sized clasts and is about 2 meters in thickness. l'hr.

conglomerate unit exhibits planar boundaries and does not

seem to have any internal grading. A<,;cording to Rotsford

(1988) this conglomerate represents the youngest polymlct

conglomerate within the Curling (Northern Head of Botsford)

Group.

The topmost part of the C(loks Brook Formation is domin.1tcd

by a ribbon limestone interval (Tremadoc ribbon illJ:estonc

interval of Botsford). T~is sequence is exposed in a numher

of seeeions. At Northern Head chis interval hilS been

disrupted by normal fauleing but according to Botsford

(1988) is in stratigraphic continuity ..... ith the underlyln~

conglomerate described above (Appendix B). Thls sequence ls

also present at the core of a very complexly deformed

anticline at Eagle Island south and at the base of the tlorell

Arlll Point section (Appendix B). A h1ghly deformed lnterval

13



of similar lithology occurs at: Iloman Cove and has been

eorrelated with this sequence by Botsford (1988). This

interval is always either deformed or only partially exposed

lind hence its total thickness is extremely difficult to

judge. A thickness of 30+ meters has been estimated by

Botsford (1988), whieh SB81U to be reasonable. Although this

interval 1s overlain by the basal mallbar of the Middle Arm

Point Formation (\loman Cove Member) the nature of the

contact between the two is difficult to interpret due to the

structural complexities. The lithology of this int!lcval

vneias somowhat from section to section and becaulle of the

nature oC 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 II very tightly folded interval of

black shales. At Northern Head the interval is fault bounded

and consists of laminated black shales and interbedded lillie

mudstones. This interval occurs at the baJe of the section

at North Atm Point snd consists of finely laminated

sllic90\18 black shale t.... tctbcdded with lime mudstone

(AppendilC B). The shale is often quite organic-rich and the

lower part of the section also contains 1ensold pebble

conglolllerates (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.

14



1.3.4 Kiddie Arlll Point Formation

The Middle Arlll Point Formation stratigraphically Dvedic,;

the Cooks Brook ForMation. Stevens (191:5) defined the base

of thLs formation as the base of a yellow-weathering sIlty

dolostone unit imlllediately overlying the uppeCJlIost Cooks

aroek Formation (Append!.. B). This dolostone unlt ls quit..,

distinctive, easily mappable and forms a very good

lithologic. marker. the basal member of the Middle Arm Point

Formation 1s termed the UOlllsn Cove Mlllllber (Rots ford , 1988).

Exposures of this member are present at: \Joman Cove nnd

North Arm Point (fig. 1-1). The type section of this mClIIbllr

1s at North Arm Point: (Appendix B) A slmilDr unit is .11~o

present at Eagle Island South (Appendix B), but the

relationship of this unit is hard to determine due to it~

deformed nature (Rotsford, 1988). As a whole, tnis unit is

characterized by the presence of yellow-weathering silty

dolostone beds which are often bioturbated and cross-

laminated. Botsford (1988) interpreted the dolomite prosnnt

in chese units as "detrital dolomite" based mainly on

petrogrephic evidence. The thickness of this member varies

from about 12 me.tres at North Arlll Point to about 17 metra ..

at WOlllan Cove. ThIs interval is underlain by units of

somewhat different nature at North Arl'll Point and !,loman Cove.

At North Arm Point the !,lolllan Cove Member overlies /I se'luenc"

of interbedded black a":ld green shale, ribbon limestone, 11lne

"
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mudstone and some conglomerates. The underlying unit at

"loman Cove section is composed of ribbon limestone. At Woman

Cove the dolomites are succeeded by a unit of green shale

with thin beds of lillie mudstone and lIIinor granule

conglomerate lenses while at North Arm Point a conglomerate

consisting of pebble sized clasts immediately overlies the

dolomites (Rotsford, 1988). At Eagle Island South the

dolostones ara followed upvards by a shaly sequence which 11"1

turn is overlain by a pebble conglomerate.

At North Arm Point a sequence of parted lime grainsT:one

appears above the sh.:lles overlying the Woman Cove Member

(Appendix B). Expos\. ~es of this interval are also foun'" on

Eagle Island and in a cove just east of North Arm Point

(80tsford, 1988). The exposures of this interval on both

sides of North Arm Point have been interpreted as occuring

on the opposite limbs of an isocHnally folded and sheared

anticUne (80tsford, 1988). The thickness of this unit is

about 10 Illeters. 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 these boundaries

(80tsford, 1988). This sequence as a whole consists of dark

coloured lime grainstone interbedded \lith black shale, The

lilllestone is often bioturbated and exhibit infrequent

ripples.

The lime grainstone interval is overlain by the North Arm



Point Me1l.ber. lh. type slI'!ct.lon of this lI.ember Is at North

"til Point and ••posura. also occur on EaSI. Island. The

total thldme •• of this unit Is about 20 to 22 lIeterlil. This

sequence Is composed •• lnly of siliceous green shale

(Appendix 8). The ah.le contains thin interbeds of black

shall. and thicker packages of doloal1t•. The dolomite!! of tall

axhibit eross-lallinatlon. At North At. Point this me.bot Is

overlain by shales and red cherts. The upper part of the

mell.ber shows evidence of shearing but again has boon

interpreted as transitional as it contains interbeds of tho

overlying red shale (Botsford, 1988).

The North Arll Point Kamber is succeeded by the upperlllOll[

KiddIe Arlll. Point Fot'lIlatlon (Botsford, 1988). Exposures of

this interval are COII.lIon at North Arll. Point, Eagle 1s1:1uol

South and Eagle Island North all.ong other places ( .... ppendix

B). This unit is dOllinated by red, black and guen shilles

with SOll.e thin interbeds of carbonates. The shales of this

interval are often silicified and occur aa chert throughout

the interval. Due to its shaly (cherty) nature this sequence

has not baen sallpled and is outside the scope of this study.

As stated before, the Middle Arlll Point Forlllation is

succeedlld upwards by the Eagle Ialand Formation which is

dominantly clastic in nature and hence 15 not discussed

here.

17



1.4 Deppllit;looal Model

The IIIOSt comprehensive work on the depositional history

of the Cooks Brook and Middle Arm Point formations is by

&otsford (1988). In that study, he disputed the conventional

notion of these two formations being the distal equivalents

of the lIIate famous Cow Heed Group to the north and proposed

" new depositional lIIodel for them. The following is an

atterllpt to sUlllmarl:1:e the salient features of the model

proposed by Botsford (1988)

Th" Cooks Brook and IHddle Arlll Point formations arB

generally interpreted as parts of a carbonate "base-of-

slope" apron which was probably deposited downslope from a

Lower Paleozoic carbonate platfocIII. This carbonate apron is

underlain by the clastIc rocks of the rtishtown Formation

which, according to this model, were deposited in a

submllrlne 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 helllipelagic black shales and resedi.mented carbonates,

probably derived frolll the pLatform by gravity-transport

lIechanislIIS. The earliest sediments of the Cooks Brook

18



Formation were probably deposited at the mouths of submarine

c,\lnyons and 101":8 l.tet coveted by extensive debt is flow

deposits and carbonate turbidites derived frollt the sh~llow·

water platforlD margin occuring upslope from the deposltiol1.11

site (Fig. 1-2). The presence of gravity-transported

carbonates within the Cooks Brook Formation appeats to hnve

decreased through time while helllipelagic sedil'lentatlon

persisted longer.

The transition from Cooks Brook to Hiddle Arm Point

Formatior, seems to be characterized by a major change in the

style of deposition. Hiddle Arm Point Formation is 1I0rc

shale rich cOlllpared to the Cooks Brook Formation. The

sediments of the Middle Arm Point Formation 11150 contain

abundant dolomite and frequently show evidence of reworkin!\

by bottolll cun'ents. These observations combined with the

presence of extensive bioturbation, a "suboxic diogenct ic

regime" and a marked decrease in the presence of shelf and

slope derived organic carbon has led to the postulation th.1t

the sediments of Middle Arm Point forllation were depos! tl!d

under IDore oxygenated conditions than that of the Cooks

Srook Formation (see Botsford, 1988 for detailed

discussion), According to Botsford's lIIodel, the style of

deposition of the Middle Arlll Point sediments seems to

indicate the development of a new, "low-relief" carbonate

platform margin upslope frora the depositional site lit th~t

tirae (Fig. 1-3). This low relief platforra margtn continued



Figure 1- 2

Sc:hlllllntlc dlagrllm showing the depositional seeting of the

Cooks Brook Formatio:\ during the Ca.llbrian times (frolll

Botsford, 1988).
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... ntll lo .... er Ordovician (uppermost Trelll8doc1) times when it

g1'8<1u311y started collapsing. The last seage in this

sequence of events is marked by the arrival of the

sandstones of the Eagle Island Formation which finally

burried thE! crulllbling carbon.lte margin.

The depositional 1II0del 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 liS discussed later seems to conform with the

paleontologic data obtained 1n this study.

1.5~

1. 5.1 F leid Methods

The fieldwork for this study was undertaken during the

summer of 1987. In the Bay of Islands area, rocks belonging

to the Cook' 5 Brook and Middle Arm Point formations are

\!xposcd malnly along the shoreline (Appendix A) and hence

i1t:"e easily .:Iccessible by boat. Field.... ork .... as based out of

the town of Cox's Cove on the southern shore of Middle Arnl.

S.:Imples 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, (ill) North Arm Point, (iv) Eagle Island South

.1nd (lv) Eagle Island North. All these sections were logged

tn detAtl in l\ previous lltudy by Botllford (1988). Thase

stratigraphic logs were checked during this

22



Figure 1·3

Seh••• t:le dia-gra.lI showing the depositional setting of the

Middl' Arm Point FOflllation during tho OrdovLcil1n t L'les (frn,.

Botsford, 1988).
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study and were found to be accurate. Hence &otsford's

sections have been used for this study with some minor

modifications (Appendix B). As this is the first major study

of Callbro-Ordovieian microfossils frolll the Cook's Sroak and

Middle Arm Point forlllations, efforr:.s Ifete !tada to sample lilt

the different lithologies prasant. 'the sample size varied

from 2 to 4 kilog1;~llls. Fifty-sevlln salllpies ware collected

from the Nnrthern Head section, thirty. seven from the WOIHlIl

Cove section, twenty-four from the North Arm Point section.

twenty·four from the Eagle Island South section and OnO

sample from the Eagle Island North sactLon. The sample

numbers can he interpreted as follows: the cnpital letters

are abbreviations of the. n"me o,f the section from which the

sample was collected (e.g. NAP - North Arm Point) while tlUJ

number following the abbreviation denotes the position of

'::ne sample in the section, " higher number representing 01

higher stratigraphie position (e,g, NAP 24 is

stratigraphically higher than NAP 12).

The Bay of Islands arO!!a as a whole is highly tectonizcd

and all the sections described in this study have suffered

froTO extensive thrusting and complex folding, These

structural complexities sometimes tend to obscure the

stratigraphic relationships of different units, Efforts

were made to resolve these problems in order to achieve I1f;

lIuch stratigraphie control as possible under the

circumstances. However, it should be recognized that mOlit of

2S



the sections used in this study lIIell eOlllposlt:e sllctions and

it 15 quite possible that there ate sOllie '''piS or overlaps.

1 . .5.2 Laboratory ."thoda

A. total of 143 samphs ••eh [anglng in weight fcoIII 2kg

4kg -fete dissolved in 10' acetic acid. Th. residues vlre

sieved under \,later and than separated using Sod1uIII

Poly tungstate at a ape'llf!c gravity of 2.81. The heavy

residues weco picked lind :lotted using standard methods.

Samples which fllned to dissolve in acetic acid were further

treated with 10\ fot"l~l1c acid solution. Thi. procedure,

how-ever, failed co produce SflY appreciable results.
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