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ABSTRACT

. -

The Northern Head group is an upper r-ur{idle Gambriasn teo Lewer

Ordovician hase oﬁ-slope sediment apron, deposited ‘downslope fraru a
shallow -water carbonate platform and now disposed in imbricare
thrust slices within the Humber Arm AlLochthon western ‘
Newfoundland The group encompasses the upper Middle Canmbrian to
upper Tremadoc Cooks Brock Formation and the upper Tremadoc to
middle Arenig Hiddle Arm Polnt Formation. The discovery of numerous
fossil localities has facilitated the erection of a stratigraphtc
framework, embodying several corrélatable membere..Thege »
subdivisions -reflect a natural change in the depositional style

r—

upward, from carbonate to shale-dominated.

The poo_ks ‘Brook is characterized by abundant platformn-derived,
gravity-transported carbonate, land hemipelagic black stiale, -
depos}ted in a deep water, poorly-oxygenated eneironmeﬁt.'Earliest-
sediments aceumulated at the mouths of submarine canyons but Wer_e‘
buried by debris flow congiomerate sheets "and carbonate sand
turbidices from an attiee,.upelope sﬁa.llow-we;:er platform margin.

Gravity transpert of carbonate eharbly diminished in earliest
‘Ordovician time bue hemipelagic carbonate sedimentation persisted‘
into late Tremadoc time, ) .

The change to shale-dominated sediments of the Middle Arm Point

reflects a new, low-relief margin upslope. Hemipelagic shale was

accdmpanied b-y detrital, ui_ndbliown dolomite and both were reworked

by boctom currents. Diminished input of shelf and slope-derived

organic carbon, and more vigoraus marine clrculation, resulted in




elavated Eh levels i{n rhe depositfonal enyironment which are
- P
indicatad by L) a pronounced increase In bioturbation, and 2) a new

“suboxic" diagenetic regime distinguished by widespread )
‘preciplmcion of Mn-carbonate and barite, largely wvithin the -~
aca‘btlicy field oE hematlte CPnQensed sedlmentation characterizes
the middle of the Middle Arm Poini: sparmi.ng the Tremadoc/Arenig
boundary. Shale deposition concinued until the collapsing marlgin was

"buried by sandstones of the overlylng Eagle Island formacion durlng

niddle Arenilg time T -

The Northern Head grou.p and contemporaneous Cow Head Group were
bo;:h Parc, of an active carbonate margin until the 'Tremador;. Their
c'!eposicionalcaﬁd paleoceanograph-ic historie'g diverged in late

-__Tremadoc time, when-a low-relief margin developed upslope from th-e

Northern Head group while active carbonate sedimentition continued

upslope from the Cow Head Group. This ifregula'r carbonate margin

morphology is suggestive of a basement related structural Juncture

separating the two areas.

1ii
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CHAPTER 1

* INTRODUCTICHN

1.1 Introductory remarks

This is a geological investigation of an ailochthonous, upper'
Middle Cam'btiari to Lower Ordovician deep-water carbonate sequence,
the Northern Head grbup. situated in 'the-Bay of Islanc-ls area,
western N\eufoundland. |

Well-documented Lower Paleozolc deep-water carbonace sequences
are relatively few. A llnng histury of research has focussed on one
such sequence in western ‘Newfoundland, the Lower Paleozoic Cow Head
Group. This has yielded considerable insight into the internal
stratigraphy a:-1d‘ depositional histor;, Including styles of
sedimentﬁtion, inferred relatlonship with the upslope carbonate
platform, and changing paleoceanogrephic conditions.

Presumed equivalents to the south, 1in the Bay of Islands area,
have been largely unstudied until no;i, but reflect a depositional
history displaying similarities and Important differences wi-h the
Cow Head Group. This equi\rf_lent carbonate and shale-dominated
interval in the Bay ‘of Islands comprlses the Cooks Brook and Middle
Alr Polnt Formations (Stevens, 1965),_wﬁ1ch together are Informally
termed {.areln t;he_ Northern Head gro\-;p. Conventional wisdom has
regarded the Northern Head group as.the "distal equivalent™ of the

Cow Head Group, but because of difficulty of access and relative
structural complexity, this interpretation has not been seriously

investigated prior to this study. An alternative model, of lateral

equivalence and contrasting depositional history 1s presented here.




—

This study 1) provides a basic stratigraphic framework for an
area vhere stratigraphy has, in the p;st. been based largely upon
reconnalssance Investigations, 2) elucidates the depositional
history of a unique daép-ua£er carbonaté sequence, and 3) provides a
perspective for modelling the morphology and history of a Lower
P;leozoic carbonaté margin, as reflected in deep-water sediments,

for over 100 km of its length.

wr

1.2 Regional geologie setting

The Northern Head group i1s situated within the weiternmost
. L]
portion of the Appalachian Orogen in Newfoundland (Mumber Zone of

Uilliams, 1978) which records the ;evelopment and destruction of an
Atlantic-type concinental margin on the northern siae of the lnte ~
Precambrian-Early Paleozoic lapetus Ocean (Stevens, 19/0). The
Humber Zone embodlies a thlck,‘autocht?onous, Lower Cambrian to
- Middle Ordo;ician miogeodlinal succession, structurally overlain by
’ two major allochthons which comprise partly coeval slope and rise
sedimentary units plus ophlolite. These are the Hare Bay Allochthon
to the north, and the Humber Arm Allochthon, which cqntalna the
Northern Head group, in the Bay of Islands area (fig 1-1), The
.vestward emplacement of these allochthons represents the Middle to
Late Ordoviclan Taconic Orogeny, Iinterpreted to ;ark the-lﬁitinl
closing of the lapetus Ocean, | '
Possible equivalent; of margin-related sedimentary units of the

!

Humber Zone eccur, highly deformed and me tamorphosed, In the Fleur

de Lys Supergroup of the Burlington Peninsula (Stevens,=1976;




Flgure 1-1

Regional gecloglc setting of the Northern Head group within the Humber
Arm Allochthon, western Newfoundland,

™
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Hibbard, 1984). The ,Humber Zone {s bounded to 6he east by tha
Dunnage Zone, which represents veatiges of an oceanic dompin
(Williams, 1979).“

Platform succession

Within whe autochthon, a Lower to Hlddle Cambrian shallow -water

siliciclascic and carbonate sequence. the Labrador Group, was

deposited upon rifted Greguvillisn basement. This is overlain by a
thick (roughly 1500m) platformél carbonate sequence comprising the
Middle to Upper Cambrién Port au Port érdup {(Chow, 1986}, the Lower
OrdovlciahlSt. George Group (Knight and james, 1987) 4nd the Table
Head Group (Klappa et al., 1980). The Table Head Group're;ords .-
.foundering of the platform in the Hiddlé Ordovician -(ibid.) and is
overlain by the thick Mainland Sandstone (Schillereff and Williams, -
1979) and equivalents, interpreted to be easterly-derived during
allochthon emplacement (Stevens, 1970) ---"
Humber Arm Allochthen i

The Humber Arm Allochthon is centered on the Bay of 1slands area
(fig 1-1) and compris;; a basal package of sedimentafy rocks, the
Humber Arm Supergroup-kStevens, 1570), st;ucturally overlain by the
Bay-of Islands Ophiolite Complex. lgneous and volcanic structursl
alices locally Intervene within the allochthon (Willlams, 1973) (fig
1-2).

The most coyplete sample of-gllochthonous sediments, partly
coeval with their autochthonous counterpartsg described above,
appears in the Bay of Islands area. A lower siliciclastfc interval
comprisee the Summerside and Irishtown Formations (Stevon;: 1965;

Bruckner, 1966), regarded as Early to Middle Cambrian in age. This ’




study is concerned with the overlying ﬁpper Middle Cambrian te Lower
Oédovician interval which is dominated by resedimented carbonate. In

the Bay of Islands area this is represented by the Cooks Brook and

Middle Arm Polinc Formation;ﬂ(ﬂorthern Head group hereln). This

Interval can be traced norchward, through deformed equivalents in

the Bonne Bay area (Quinn and Williams, 1982; Nyman et al., 198&)_}0
the Cow Head Group, and extends southwa;g. In a tectonized helt, to
the Port au Port area (fig 1-1). Along its lengch it‘is conformably
overlain.by an easterly-derived flysch 1ntérpreced to have -been

deposited in advance of, and subsequently 1ncorperated within, the _.
westward-travélling allochthon (Scevehs, 1970). This is termied the
Loueé Head Formation in the Cow Head area (Hﬁ}linms et al,, 1985)

and informally (this study) termed thé Eagie Island formation In the
Bay of Islands area (refer to Chapter 3). -

" The Bay of Islands area represents the most complete transect
through the structural succession of the Humber Arm Allochthon (cf.
Uilliams, 1975), In terms of the Humber Arm Sdbergroup and the
overlying Bay of ;slands Ophiclite Complex. The northern part of the
allochthon (Cow Head area) comprises only the Cow Mead Group,
bounded at the base by melange and conformahl} overlain hy the Lower
Head Formatlion, exposed in a series of steeply inclined, imbricated

thrust slices.

Structural style of the Humber Arm Allochthen

The Humber Arm Allochthon records 1) structures relared to its
wvestward (Taconle) emplacement, domlnated by thrust imbricacion,

modified by 1i) later compressional deformation, generally thought

-




Flpgure 1-2

Schematic di{agram {1lustrating the tectono-stratigraphic setting of the

Narthern Head group (Cooks Brook and Middle Arm Point Formations); not
to scale. :
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to reer;t the (ﬁ?vonian) Acadlan Orogeny (Eilliams, 1979) .. At the
north(eastern) boundary of the allochthon, this appears as
pfonounceﬂ uplifec along high angle reverse faults which juxtapose
Crenvillian S;sement of the Long Range Complex (plus portions of the
cover sequence) with transported rocks of the Cow Head Group

(Williams et al., 1986) (fig 1-1). In the Bay of Islands area

)

folding and thrusting of easterly vergence at the eastern margin of

the allochthon 1is regﬁrded ;s the counterpart of this Acadian e
defsrmation {Cawood and"U1111ams, In press). High angle normal

faults which locally cut deformed sediments 6f the allochthon are
Qentativeiy assigned to tﬂe Permo-Carboniferous Alleghanian Orogeny

(Williams, 1979; Bosworth, 1985; Waldron, 1985).,

.
o

- 3

1.3 ﬁeview of previous work

Previous studies incorperating what 1s here termed the Northern
Head group have dealt principally with reglonal st;atigraphic
considerations. The evolution of stratlgraphic_inéerpretacions is
sﬁmmarized in Tablé 1-1.

Rocks of the Humber Arm area were first mapped by Murray (1874)
who broadly subdivided them into the Levls Shales, Sillery
Sands;ones and "Serpentines etc.” using the nomenclature of Lopan
and based on aimilarities with the Eastern Townships of Quebec.

In a comprehensive study, Schuchert and Duﬁ;ar (igqa) divided
‘Eha sediments o} western Newfoundland into a numbar of conformable
series. Among these, they distinguished a Lower Ordovician Green

Point Series, a Middle Ordovician Cow Head Breccia and a Middle to

7Upper Ordovician Humber Arm Series. The type section for the first




Table 1-¥

Evolution of stratigraphic interpretatidn arld nomenclature uirhin the
Bay of Islands area.
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i1s at Green Point, (in what is now regarded as the distal facies of
the "Cow Head Group; cf. James and Stevens, 1986). The Cow Head .
Breccia was_ described from the area of the Cow Head Peninsula and
wan .cor‘re‘lated with breccias lying above the Table Head Formaticn on
tha Port au Port Peninsula.

The Humber Arm Series w:as applied to the sedimentary rocks of
the Bay (;f Islands, exposed in a "l:ype‘ section” which extended the
iength of the Hutber Arm. This series wvas only crudely subdivided,

as shown In Table 1-1 and was placed at the top of the Lower

Paleozole sequence In western Newfoundland and thought to be Middle

to ?Upper Ordovician in age. The series was interpre::ed to extend

from the Part ‘au Port Peninsula to Bonne Bay and a faulted contact
with the "much older” Green Point Serles H;as_ Interpreted in both of
these areas. A shall:ow water depositional environment was suggested
for the Humber Arm Series based upon se:iiment coarseness and
.apparent mudcracking (ﬁhoaghc to be what is now regarded as tectonic
extension fracturing; cf. Waldron, 19853). |

The view of tﬁe "Humlber Arm se.i'ie._s" as a younger sulte of rocks
stratigraphically overlying the platformal carbonates of western
k Newfoundland persisted in subsequent studies (until re-interpreted'
by Rogers 4nd Neale in 1963). Uglth;;r {1549) Tecognized x; broad
tripartite division within the "Humber Arr series” and designated
lower and uppetr sillc;clastic and shale ;nnits separated by the
"Gooks 11mestc-me tongl.,te". ,

The stratigraphlc divisions of Welrz (1953) first included the

Summerside Formation, howewer his fallure to recognlze farge scale

folds and faults in the area and his grouping of highly disparate

12




lithologies into slngle formatfons resulted in a stratlgrnphy which
is fundamentally invalid and hence has not been included.in Table 1-
1.

’ i,illy (1963) used the term "Humber Arm group” to refer to
- Schuchert and Dunbar's "Humber Arm series” and regarded the contact
of this group with the underlying carbonate sequence as a "marked
unbonformlty". Lilly’'s stratigraphic divisions of the Humber &rr.n
group include a broadly t'rii:i'artite dlvlsion of sedimentary rocks,
with siliciclastics at the base {Penguin Arm quarzites), medial
carbonate and shale,(Peng?.lin Arn limestone formation) overlain by
siliciclastics of the Western Sandstone Formation. Volcanics now
regarded as part of the Bay of lslands Ophiolite Complex: were
f-:ri.ginally Included by Lilly as part of the Hunber Arm g,-ro‘up and
thought to immedfartely overlie the sedimenéary sequence. Lilly's
study was largelj}_ eonfined to the eastern part ot-' Llia Bay of Islands
(Penguin Arm, Go.ose Arm, Hugl:les Brook) where rocks now regarded as
the olde'sl: part of the Humber Arm Group (Summerside Fotmation) are
not well represented. Hence the lowest unit presented in Lilly’s
subdivision of the H‘.‘{Eber Arm group, termed "undivided shales® ia
thought to incorporate both rocks nm;' regarded as the basal melange
of the Humber Arm Allachthon and part of the Summerside Formation.

.Mesoscopic and large-slcalq folding with axial plane cleavage Wiy
recognize.d in the area in the early studies of Walthler (194%),
Weitz (1953), HcKillop (1963) and Lilly (1963). ’

A major step In reinterpreting the reglonal geology and

stratigraphy of the Bay of Islands area occurred in 1963, when

13




- Rogers and Neale suggested that rocks of the Humber h'rm Grou-p are
allochthonous and c¢oeval with the Lower Paleozole carbonate-
dominated platformal sequence of western Newfoundlang. This
suggest'ion sat the stage for the stratigraphlc framework proposed b_;,'
Stevens (1965) which forms the basis of the stratigraphic

\"‘/ nomenclature now In common use.

- Stsvens regarded the Humber Arm Group as ranging from Early
Cambrian to Middle Ordovician in age and divided the group into §
formations, generally separated by transition zones (Table 1-1), N
- Relatlvely minor modifications of nomenclature were incﬁrporatec} in
subsequent publications (Bruckmer, 1966; Lilly, 1967) and these are
detailed 1n Table 1-1. It is these 5 formacions : the Summerside,
Irishtohm., Cooks Brook, Middle Arm Point and Blow-me-Down Brook
\ formations which then appeared in common usage (e.g. Williams, \
1973,
R-ecognltion of the allochthonous nature of the "Humber Arm
series” 1s Inherent in the studies -of Scevens (1965) and Bruckner
{1966} where a gra\;ity emplacement was favoured., Zones of "chaotic
deformation” (Stevens) or "wildflysch® (Bruckner) wer'a identified
and thought to be related to this emplacement. East-verging
structures wvere also recognized, as a later modification of the
. I‘-:r_ansported sequence.
An discussing the Bay of Islands and Hare Bay Igneous’
Complexes as .transpor.ted ophilolite sequences Stevens (1970) .
introduced the term Curling Group to encompass the packages of
transported sediment which underlie the ophiclite. This included the -

-

5 formations listed above in the Humber Arm Allochthon (essentially

. ‘14




the Humber Arm series or group of ear}ie; workefs) and presumed
equivalents at Hare Bay, The term Humber Arm Supergroup was used to
refer to all .Of the transportad_ sediment in the 2 allochthons and
included the Curling Group plus the Cow Head Group.

Reglonal-scale mapping and compilation was conducted in the Bay

of Tslands area by Willlams {(1973) and the Stephenville (Port au

Port) area (Schillereff and Williams, 1979; Williams, 1981).
The structural history of the areas has heen elucidated in
" greater det:ail in the recent- studies of Bosworth (1985) and Waldron
(1985}. A sequence of early, west-directed emplacement structures,
overprinted by later.deformation of easterly polarity has been

recognized.

/4 The study area

This study {s focussed on the Northern Head group (Cooks Brook
and Middle Arm Point Formatlons) and adjoining units and {s centercd
in the Bay of Islands., This area ls transected by the roughly N/5-
trending belt of these upper Middle Can:ibrlan to Lower Ordovician
aediments (fig 1-1) and presents good coastal exposure. Equlvalent
rocks were _examined to the nolrl:h, in the Bonne Bay arca, but are too
highly deformed and too poorly expols_ed to be incorporated in any
detailed aspects of this study. The same belt appears to the south
of the Bay of Islands, extending to the Port zu Port peninsula (fig
1-‘1'), vhere it was investigated as part of this study, ln this

sqﬁther‘n area, the tectonic style comprises relatively small

/ . :
(sftratlgraphic Intervals ("rafts") surrounded by a highly deformed -

15




shale-dominated lithclegies within melange. Becmuse of their suspect
_tectonic history, it is difficult to incorperate intervals in this
southern region in a depositional framework and they are considered
to ba of mora limited valua than the pﬂhcip,al s tudy. area, the Bay
of Ielands.. ’
| In the Bay of Islands, shoreline exposure along the Humber Ar;n
and a small portion of Middle Arm {s accessible by road. The
rema‘indar of the area 1s reached by boat, most conveniently from the
town of Coxs Cove, on the southern shere of Middle Arm. Exposures in
tha‘Port au Port and Bonne Bay.areas are readily accessible by road.
Exposure between the Bay of Islands and Port au Port peninsula ({.e.
Serpentine River mt.Juth) i1s only .accessible by boat or helicopter and
was not visited in the course of this'study.

Coastal exposure in the Bay eof. Is'iands is generally good. Inland

exposure 1g confined to patchy stream sections, and is of limicted

value.

1.5 Alms and scepe of this study

Prier to this study, know.ledge of the Northern Head Group was
limiced principally to mapping conducted by R.K, STevens in 1965.
Whila the spproach was remarkably thorough, this research was
directed toward regional stratigraphy and structure. Only a handful
of fosgil localities had been locataa within the Northern Head group

R -
and questions of depositional history were not addressed’




.-
The aims of this project.are chreefold:
1} To erect a wvorkgble stratigraphic framework, in order to
facilitacte {) internal correlation and 11) regional comparisen,
specifically with the Cow Head Croup to the north.‘This caﬁ‘ohly-be.
achieved In the context of a structural framework, which allows some

confidence In iInternal correlation. -

2) Tolsynthesize the depositional history of this upper Middle
Cambrian to Lower Ordovician interval through the fntegrated
descripecion anq lnterpretation of 1) sedlmentologic,:il) 1cﬁhologtc‘
-and 111) diagenetic and geochemical evidence.

1) To explore the relaGionship between the Northern Head group and
the laterally equivalent and Hell:scudled Cow Head Group to ghe
;orth, and to use this pérpective in attempting to model the
morphology of the over 100 km-long portion of the ancient

continehtal margin during Middle Cambrian to Early Ordovician time.

4
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CHAPTER 2

\
STRUCTURAL CEOLOCY

2.1 Introduction . A . . i .
Reconnalss;ﬁcé geological mapping was cond;cted act the out;ec of

this atudy Eq select areas sultable for more detalleﬁ stratigraphic
apd sedimentological investigation. Tﬂis mapping was not condicted
'aé a detalled stru;tural'aﬁalysis, but racher to provide a g;neral
sttuctural framework to.allo; some';bnfldence in correlation of
sections, Hahy of the st:ucturéi aspectsqti tha area ueFe.pointed
out to ‘the author by J, ﬁaldrbn {pers. comm., 1984)‘and the author
i8 in general a;reement—wlth theistructuralfhistory of tge area, |

presented in some detafl by Ualdfon'(lQBS). This chapter summarizes
. L} L] LY

peptlnént asbegts of the structural geology.

Z.2 Regional setting

The Cooks Brook and Middle Arm Point Fofmations are situated in
-the yupper part of a package of sedieentary Tocks which occur at the
structural ba;e of the Humber'Arm @Llochthon. They are structurally
overlain by tha Bay of Islands Ophiolite Complex. Intermediate
fgneous and voleanic structural slices are present locaily within
the Allochthon.

Within the pr:pf Islands the sedimentary tectono-stratigraphic
. package containing the Northern Head group iz bounded.Lo the east
by:tha teétonic contact with-tha‘underlying platformal sequence, and

to the vest and northwest by a major mel nge zone {(Companion Melange

and equivalents; Williams, 1973) which occurs étructurally bélow the

-

18 . .
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metamorphic sole of the Bay of islands Ophiolite Complex (fig. 2-1).
To the n&rﬁh,-tﬁe éo# Ha;d Group 1is structurally characterized

by a regular series of soﬁtheast-facing. southeast-dipping ‘belts

interpre;;d to represent Ordovician thrust imbrication (U&lliams et -

al.hflgss, and ra@ereﬁces therein),

2.3 Strucfural history

~. Four principal episodes of deformation are recogni;kd tn the Ray
of Islands area (cf. Waldron, 1985): {} synsédimentiiy slope-related
deformation, if) west:dlrected thrusting, asymmetric folding nnl
melange formation, regarded as'emplacement-relaté;, 111) folding and ~
thrusting reiated to a deformational episode of easterly polaricy
and iv) gentle folding about E/U-trending axial planes, plus high
angle éaulting.
Two principal structural *regions” arg apparent (fig 2-1).
Region A, Iin the eastern portion of the area, exposes predominantly
Sumnmerside and Irishto;n lithologieg and displays the‘post intense ’
deformation of gasterly polarity, manifest as folding (e.g. Cooks
Brook syncline), associated pronsunced axial planar cleavage, and
east-directed thrusting. In Region B, to the northwest, earlfer
west-directed structures are more apparent, since they have been
less intensely overprintéd by later deformation. °*

_ , | . .

2.3.1 Synsedimentary deformation - N

-

-

Synsedimentary deformation 1s present in three intervals: i)

matrix-supported, "chaotic" conglomerates which occur locally at the .

-~




Figure 2-1

Summary 'of structural features of the Bay of Islands study area. Region
"A", in the east, displays the most intense deformation of easterly

polarity, while in Region "B", to the nertheast, earlier, west-directed
Structures are more apparent. Numbered thrusts are discussed in the
text. )







base of the Cooks Brook Formatlon (Halfwaf Point Member; refer to

Chapters 3, 4), 1) intraforﬁational truncation- surfaces, whichl

appear at azlow angle to bedd}ng. within a célcarénite-dominated

portion of the Cooks Rrook F;rmacion (refer to Chapter 4: . °
Calcarenite section), and {1{) chaotic folding and faulting at the
base of the Eagle Isaland formation, which locally ihv;1v€s the

» uppermJSE-Hiddlﬁ Arm Point formatfon. All of this d;formation is
regarded as synsed{mentary, and is discussed In Chapter.Z_

2.3.2 Uest-directed structures * *

. Evidence of wést-directed deformstion comprises 1) thfusting;
rapresented'S}Ieast-dipping shear planes which result in the
Juxtaposition of stratigraphicalix contrasting units, commonly
associated with iiy agymmetric mesoscoplc folds with east-dipping ;
axial planes, 11f) melange zones which separate more intact thrust-
or shear~bounded Intervals. These features are clear within Region B
and have been recognized within Reglon &, where they are refolded by
later deformgtdon,

a) Thruscs

Three NE/SU trending thrusts have been ldentified within Domain

K

R The first (fig 2-1, "1") juxtaposes Iithologles of the Irish;own
Formation, on the sgutheast with CooksﬁBrook lichologies to the

-J’ | ) northwest, The trace of this feature appears lmmediately west éfvghe
tovn 6? McIvers, on the Humber Arm, qhere it is marked by a thin
zone of melange. The presence of several easé-dipping shear Eones,
and generally west-directed asymmetric, folds iithin Irishtown

Ay

A3
silcatones exposed in Mclvers Brook SUggests east-over-west movement ™~

Fl
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along this feature. The thrust appears to be topégraphically;
expressed {n the valley extending_nortﬁward from McIvers, and is
traced northward to the west side of Coxs Cove, on Middle Arm. Here
Irishtown siltstone structurally overlies folded Cooks Brook
llthologies. The trace of the thrust has not been i{dentificd onlﬂu'

north shore of Hiddle Arm, and appears to trend into Penguin Arm.
. +

(fig 2-1).
The Seal Cove/Brakes Cove thtustf(fig 2-1, "2") 1is clearly

expressed on the eastern side of Seal Cove {(north shore Middle Arﬁ)(

i

vhere it has emplaced basal Cooks Brook lithologies (including"

intensely pyritized limestone beds described Ln -Chapters 3, 6)
structurally above the Cooks Bfook Upper Cambrian lime mudstone

interval (Chapter 3) along a discrete, east-dipping surface. This is
- -d
expressed, on the south shore of Middle Arm, as a roughly 10m wide

melange zone at Brakes Cove, which separates an east-yourging

Irishtown/lower Cooks Brook succession (in the eastern. hanglng-
: . f
. '-.‘*:
- ne of faulted and deformed Cooks “rook and Middle Arm

4

Foint li{thologle

. - - B
s aip the western, .foot-wall). Numerous west-

directed asymmetric folds appear In the hanging wall at Brakes Cove.
The t?rusé 1s extrapolated southwestyard to the vicinicy of-Whices
_Br&ok, but it cannot be reliably 10ca£ed"along this shoreline, which
i5 dominated by qelange. Likeyise, to the‘north, evidence of the
thrust is ﬁoﬁ apparent within'the’melange which doﬁina;es the soch
shore of North Arm. - - :

Along<the north shore-of Middle Arm, the Northern Head/Black

Head thrust (fig 2-1, "3") '{s a near-vertical feature, presumably

"
R
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ro:ateﬁ to this attitude by later folding (see below). Here 1t
juxta;:oses highljr deformed Cacks Brook limestone, on the east, with
Eagle Igland formation on the west, The thrust is extrapolated- to
'l:he north, where a similgr contact appeafs on the eastern side of
Norzh Arm Point, but is complicated by later, near-vertical |
fauleing. The thrust is traced‘ to the south shore of Middle Arm, in
the vicinity of Black Hﬂf:d, vhere 2 broad zone of melange separates-
<
’deformed Cooks Brook lltﬁologies (on the east) from the Middle Arm
Polnt/Eagle Island formation section at Middle Arm Point proper.
Based upon the sl:éacing of the three thrusts aescribed above ,
another thrust may separate Eagle Island from sections to the east,
but the \trace of this.conjectural thrust does not appear on land,

' -

[3

b) Asymmetric folding

West-directed folding ie characteristically tight to isoclinal
and ranges in ;cale from less than lm to Toughly 100m in amplitude.
Fold axial planes are generally gently east-dipping, however steeper
attitudes are not uncommon {e.g. Esgle Island) and are thought to
_reflact_ rotation during subseguent defomation. Fold hinges are
‘-generally subhorizontal, but again, have suffered rotation locally
through’ subsequent rcfolding. Shearing along larger scale fold 1limbs
is common, particularly within shalr:a-dominaée'd Middle Arm Point and
lowermost Eagle Islat}d intervals (e.g. North Arm Point). Isolgted.
-shoar-bou:ded sub-horizontal fold hinges can be faintly disc:rned in

the melunge vhich dominates the shoreline south of Middle Arm Point

kN

(flgz -1; ses below)},
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¢) Melange ' ~

Melange zones within the Bay of Islands constituce "mappable,
internally fragm_ented and mixed rock bodies containing a variety of
blocks, commonly in a pervasively deformed matrix” (Silver and
Beutner, 1980). Compositionally, two types of melange are recognized
in the area. Within the first, clasts of Cooks Brook, Middle Arm
Point and Eagle Island formations can be recognized, These range in
size from pebbles to huge rafts, several hundred meters on a side,
and are surrounded by, or "float" within, a shale matrix. The
Companion melange (Williams, 1973) is similar in style, but
clo:nsiderably"/hicker; and alsg containg blocks and clasts of basalt
and diorite. This implies a difference in tectonie history which
will be discussed below. This section concerns only the first type
of melaoge, which occurs principally -within R.egion B.

Melange zones within Region B are 1nterpreteé to have formed
through tectonic processes of-pervasive shearing and folding
assor."ia.t.ed with wesc-d._irecl:ed thrusting. Shear-‘bounded “lozenges",
up to 20m thick commonly sppear within theae zc.:nes. A more detalled
discussion of melange gene'sis is presented by Waldron (1985).

An outcrop-scale and map-scale fabric is defined within these
Izones'by\i) an anastomosing, "phacoldal® cleavage which is common
\;fithln th; ‘shale matrix, {1) the aligmment of cias't and block long
axes, qnd 111) the axial planes of fold hinges, isolat'ed by

shearing, vithin the melange. This NE/SW trending melange fabric is

parallel to the tectonic fabric defined by thrust-relaced shear

planes and the ‘axial Planes of asymmetric folds, suggesting the

consanguinity of all three processes,
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Within the central portion of Reglon B (in shoreline exposure
1)

along Mi{ddle Arm) melange zones are generally thin (10 to 20m), are
localized alonlg thrust- planes described above, and are bound‘ed_by
progressively less deformed zones) toward the center of individual
thrust slice:s, which contain individugsl messured sections. Toward

the northeast and southwest extremlties of Region B, (l.e. along the

" south shore of North Arm and the shoreline facing Woods Island},

however, melange dominates and the structural style is one of intact
sedimentary rafts fsolated within melange. i‘he same 1s true of the
Port au Port area to theIsouth. Lithologies ;'rom the upper parc of
the stratigraphic interval, {.e. Middle Am Point and Eagle Island
formationﬂs dominate this melange. Irishtown elements have not been
ldentified and Cocks Br-ook COmponents are rare. Seve,ral sections:

Crassy Cove, Cape Split, Black Brook North, Rocky Point (Port au

]
“Port Bay) have been examined in rafts within this melange (Eig 2-1)7

2.3.3 East-directed folding and thrusting

East-verging structures: folding and associated axial-planar
cleavage and thrusting are prominent wichin Regio% A, where they
have been describad by McKillop (1963), Stevens {1965), Bosworth
(1985), Valdron (1985) and Williams and Cavood (1987). The most
clearly raco;nizable east-directed thrust occurs at Crow Hill, in

the vicinity of Corner Brook (Stevens, 1965: Bosworth, 1984;

Waldron, 1985) where Summerside lithelogles structurally'r overlie the ]

lrishtown Formation along a west-dipping surface. This Feature can

be traced northward ‘across the Humber Arm (fig 2-1}.
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Folds with steeply west-dipping axial planes- occur on several
scales {n thq “Cooks Brook syncline®™ on the south shore of the
Humber Arm (;ig 2-1; Geologic map: Appendix F). Folds appear
parasitically on botg‘limbs of the syncline and ranée fn amplitude
from less than lm to over 50m, and complicate stratigraphic
examination in thils area (Appendix A). These locally refold earlier,
west-directed structures. The assoclated steeply uest-dippingl axial
planar cleavagg is promineﬁl: here. It commonly‘ appears as a
pronouncéd planar fabric within matri{x-rich, “chactic" conglomerate
of the Cooks Brook Formation, .and can be demonstrated to crosscut
beddins features locally (refer to discussion in Chapter 4:
Conglomerate). The consistency of folding style on all scales In the
Cooks Brook syncline suggests its formation during deformation of
east.erly polarity, postdating an original west-directed_cdeformation.

To the north, aleng the north shore of Middle Arm, this
deformational eplsode {s represented by :egular folding about
NNE/SSW-trending, upright axial‘planes, which has resulted in the
disposition of the anticline at Seal Cove, syncline immediately to
the west, and Woman Coire syncline to the egs't (fig 2-1). It is this
folding episode which has rotated the North;rn Head/Black Head
thrust, Iin particular, to its present near-vertical attitude. The
pervasive axlal planar cévage typlcal of the. Cooks Brook syncline
1s not present in this vesterly setting. This Eolding extends to the.
east, along the north shore of Penguin Arm, but _is less well-defined
because of poor exposure and a paucity {:;f itratig\raphlc markers. It
does appear to repeat the Ir_isht:own/(:ooks Brook boundary several

a
' times, however. Fold amplitude may be accentuated by near-vertical
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faulting th“ouéht to occur on fold limbs in this area. In thls
transition eastvarcf, associated cleavage becomes progressively more
{ntense and locally crosscuts cslcite-lined shears which are
tentatively assigned to the =mast—d.].ren:t:eed deformational episode

Il

dliscussed above.

This fold episode cannot be discerned farther north, in the

melange-dominated exposure along the south shore of North Arm.

2.3.4 Late deformacion: gentle warping and near-vertical

faulting,
Centle folding about upright, E/W-trending axial planes has been

documented in the Bay of Islands area by Waldron (1985). The
principal effect of this folding eplsode Is its intarference with
axes of the NNE/S‘SU-trendihg folds described abowrre, to produce
culminstions and depressions. Such culminations are lmportant in
exposing ke.y' parts’of the stratigraphle secrien at Northern Head,-
along trend to the west at Eagle igland, to the north at North Arm
Point (fig’2-1). The Rattler window in Humber Arm is regarded as a
similar culmination (Waldron, 1983) (see below). |

_ High angle faulting represents the latest deformational event in
the ares (Boaworth, 1984; Waldron, 1985). This is of variable |
orientation, but is notable where it occurs about a roughly E/W
crend, acrosa' the structural grain of the area. ‘This occurs, for
example, at North Arm Point, and southward along the cliff exposure
at Northern -Head, where displacement(s) of up to 30m disrupt the

section, and result In considerable omission in the upper part.- A
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similar NE/SH-trepding fault appears on the eastern 1imb of the
Woman Co‘ve syncline, but does not appear to reflect much hori.zontnl
displacement. The timing of this faulting is ur{clear', but it has
been _tentatively related co Carboﬁlferous deformation (Waldron,
1985),

t
2.3.5 Structurally distinctive sreas: the Rattler Block

The Rattler Block is a domal feature comprising complexly-
deformed Irishtown, Cooks Brook, Middle Arm Point and Eagle Island
formation lithologies gltuated on the north shore of Humber Arm, in
the vicinity of Rattler Brook (fig .2-1). This feature {s bounded by
a structurally overlying melange zone which separates It from
surrounding Irisktown lithologles; it 1s regarded as a tectonic
window (Stevens, 1965), an example of a structural culminatien
produced through the fold interference descr.ibed above (Waldron,
1985). Deformation within the window is --do:-ninat'ed by shearing, which
appéars te have produced considerable abbrevi-atlon of the
stratigraphic section. The presence of this tectonic window fs
consfistent ulth the intefrpret:atlon of a ggntly dipping stack of
thrust slices within the study area, and {mplies lateral movement of
at least several kilom;sters along the overlylng thrust surface, The
basal portion of the Coocks Brook Formation exposed here displays a
sedimentologic affi‘nity with that in the Cooks Brook syncline (oﬁ

the ovérlylng thrust sheet) to the southeast (refer tao Chapters 3,

4).




2.4 Summary

Early structures record synsedimentary, gravity-related

deformation, A major eplsode of shearing, asymmetric folding and
melange format followed, accompanying thrusc imbrication aleng
(originally) gently east-dipping surfaces and relacted to initial

wegtward emplacement of the allochthon. This has produced 'a "stack"

of thrust slices which appear to have preserved the proximal/distal

-

relactionships of the sediments under invegtigation, in spite of
later deformation. Subsequent tectonlsm of an easteriy polarity 1s
manﬂ:{st by foiding with upright to steeply west-dipping axial -
plhnps. This deformation increased in intensity eastward, .
accompanied by {) a pronounced axial planar.cleavage and i{i) east-
directed thrusting in the eastern port'ion of the area. Fold
Interfarence produced by -1al:ér gentle cr.oss.-folding has resulted in
the disposicion of these deformed sediments in a series of
culminat.‘[ons' and depressions. Late vertical faulting is of generally

emall displacement, but does complicate some stratigraphic sections

through offeet and local omission of section.

While chis structural history presents a more complex plcture

-than the regular, steeply-dipping thrust imbrication described from

the Cow Head Area (cf. Williams et al., 1986), there Is no evidence
to suggest that structural mechanisms (such as buc-of—sequence
thrusting) have obliterated the fundamental proximall/distal or
stratigraphic relaticnships within the Cooks Brook and Hid;lle Arm
Point Formations and related units, Folding episodes postdating

initial thrust imbrication have been fortuitous from a stratigraphic
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viewpoint, ‘in exposing 'strat#graphic sectlions which would otherwise
have been poorly exposed i{n éen;ly—dipplng thrusc sheats:

From a regional perspe:tlve, the promontories of North Arm Point
and Middle Arm Point which expose thle Northern Head Group are
bounded to the north and south by structurally overlying ophiolitic
massifs. Furthermore, sections vhich expose the lower part of the
stratigraphic interval (i.e. Irishtown/Cooks Brook contact) occur in
the central parl:. of Domain B and pass, 'along strike to the-NE and
5¥, inte melange which is dominated by stratigraphically younger
(Hiddle Arm Point and Eagle Island Sandstone) components.. Hence the |
core of the Northern Head group eXposure appears to represent a
regional structural culmination, plunging beneath structurﬁlly
ove;lying units to the NE and SW, Th’is culmination was probably
produced in the eplsode of late cross-folding described i:reviously.'
and is coincident with a westvard bulge in the allochtho;n/autochthon
contact In the vicinity of Gooze Arm (fig 2-1; Waldron, 1985Y.

v

2.5 Relationship with other structural elements

The Companfon Melange, which bounds the study area Lo the west,

1s well-exposed at Woods Island and Frenchmans Cove (immediately to

the south) and correlatives appear at the head of North Arm,
bounding the study area to the north west) (fig 2-1). This ;.one is
distinctive from the thin, emplacement-related melange zones
described above, {n 1) its considerable width (roughly 2 km), 11)
the presengel of "exotic" voleanic and igneous blocks not present'in

the structurally underlying sedimentary sequence, 1i{) the Feg.ional

ﬁisﬁogition of the zone across the NE/SW emplacement-related
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structural fabric described above, and iv) the presence of ?Cambrian

L]

siliclastic rocks either within or séparacing_the zone from the .
structurally overlying ophiolite complex. These aspects suggest that
the assembly of the Humber Arm Allochthon in this area waf not a
simpl; process of sequential imbrication of sedimentary élices
beneath an advancing ophiolite'(cf. Stevens, 1970; Malpas and
Stevens, 1977), but that come process of out-of-sequence thrusting
or post-assembly reaéjustment contributeéd to the final disposition
of structural elements of the ailqphthon in the Bay of Islands area.
;

This may be related to the gpiscde of east-directed deformation
described above (cf. Bosworth, 1985). Regional aspe;ts.of the
structural histery of the Humber Arm Allochthon are presently under
1nvestigatiu; (Williama and Cawood, Ln preparation).

In the Bay of lslands area, the Humber Arm allochcthon 1s
separated from deformed platformal carbonates to the east by

melange, but this contact is commonly modified by High angle faults

{Cawood and Uilliams, in press),

»
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_CHAPTER 3 ~

STRATIGRAPHY

Introduction
This chapter consists of -3 parts: 1) alrevieu and dlscussion of
the regional stratigraphic nomenclature adopted in this study, 2) a
detailed ﬁiscussion of the systematic stratigraphy erected for the .

L]
-

Northern Head group and 3) a discussion of blostratigraphic aspects, -

)
31 REGIONAL STRATIGRAPHIC NOMENCIATURE

3.1.1 Introduetion o ’
< - While this study {s focussed on the Cooks Brook and Middle Agm
Point Formations, these must be placed within a meaningful regfonal
stratigraphic fr;mework. This framework should be one which best
reflects overall patterns of sedimentatfon, which facilitates
14
comparisons with along-strike equivalents (notably the Cow Hecad
Group) and which preferably 1s as close as possible to that
nomenclature in common usej The f:ameuork adop;ed herein s mod{fled
’ . from thar in common use, much of.whlch, in fact, has not been
‘formalli published but has evolved from what appears In Stevena
51965; 1970) and Bruckner (1966), (refer to Table 1-1).
A schematic stratigraphic section through the sedimentary
sequence exposed In the Bay of Islands {s shown in figure 3-1 and
” illustrates the stratigraphic nomenclature adopted in this study.

The most recent detailed examination and thickpess estimate of

several units within the Humber Arm Supergroup remains that of
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o ' ) Figure 3-1

Generalized stratigraphy of the Humber Arm Supergroup adopted in this
study. The stratigraphic position of the Cow Head Group and Lower Head -
Formation are shown for cemparison,

A legend of lithologic symbols employed throughout this study is shown
in figure 3-1la. .

.
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Legend of lithologic symbols used throughout this study; "fillled-in"
(i.e. black) shale symbol refers to generally organic!|carbon-rich shale

Figure 3-la

' while uncoloured shale symbol refers to red. and greeni organic carbon-
poor shals.
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Stevens (1965) en.d_ revigloos of some o_f‘ these‘ details are based upon
the .euthor'e' 're‘g:lo-nal mapping done In the course of: this study.’

The term Humber Amm Supe:groop (Stevens, 1970) -is useful in
-r;ferring to all of the sedigentary x;ocks in the Humbert Arm and Hare
Bay ellochthons which conceptuelly form & tectono- stratigraphic |
package bourded by majJor atructural dislocation (generally ma_]or
melange zones) and contrasting in nature wit?l_structurally

uﬁderlying (gensrally platformal carbonates) and overlying:

Sgenerally 1m:rus'lve or volcanic) units. As such the Rumber Arm

" Supergroup encompasses the Cow Head Group and the revised Curling s

) :Group and Northern He.ad group of this study.

3.1+1:1 Revisfon of the Curling Group - _ {
' The_t.errn.l_Curl-:lng GroupQ(Steeene,, 1970) was proposed to refer to
the entire th‘rust-'.b”ourid.ed p.eokage of seliments struct'urally below
the Bay of i'slands Ophiolite Complex in the Bay of Islands (and to’
incorporporate similar ‘sedime;:ts in the Hare Bay Allochthon), but
' hee nlot been widely use‘lld In the Il‘tefrat'ure. The term serves to
em{:hesize the overall differenee between the eliOChthonous
eedimentery sequences exposed in the Bley of " Islande and the Cow Head
r;gioﬁ, which is really the result of regional-scale structural
;differences between the two areas. The package of allochthenous
. rocks in the Cow Head area 1s dominated by the Cou Head Group but,
'the stratigraphic base of this interval 1s not exposed Presumed
'representativee of tha underlying slllciclastic units have recently -

boen mapped as huge blocks (of Ir{shtown Formation) within melange

structurally underlying the Cow Head Group (Willjams et al,, 1985) .

F
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and have also been mapped in the vicinity of Bonne Bay to the south
(Nyman et al., 1984), A more complete sample of the entire

alloc,hl:honous sequence 1s preserved by the structural style in the

Bay of TIslands. However, An spanning this entire sequenée. the -

" Curling Group, as previously defined, lumps together discrete”

siliclastic-dominated and carbopate-dominated sedimentary intervals
and doas not réadl-ly facilitate lateral comparisons within tl_'ae
Humber Arm M}qéhthon. \This appears to contravene the spirit of the
North Ame‘r_ican Stratigraphic Code (1983), which states "Groups are
defined to expfe‘ss-the natural relatfonships of associated
formations" (p. 858).

Henice the Curling Group is here revised, and restricted to
include the siliciclastic-dominated interval which occurs at the
st.ratigdraphic base of the Humber Arm Supergroup. This 'er{compnsscs
primarily”the Summerside and Irishtown Formations (as described

]

below) within the Bay of Islands area. Both of these units are

exposed in the vicinity of Curling, immediately west of Corner Brook

(fig 3-2). The Curling Group is designated to also include other
units demonstrated by ongoing mapping to have affinities with the
Summerside/Irishtown interval, for example sandstones in the Blow-~
me-Down Brook and Woods Island area (discussed above). The Croup is
also intended to comprise lateral correlatives of the Summerside and
Irishtown Formatlons, notably the Mitchells and Barters F‘ormations
in the Bonne Bay area (Nyman et al., 1984), pendi‘ng the results of

ongoing wmapping and correlation (Quinn, in progresa).
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3.1.1.2 The Northern Head Group

The overlying interval contains the Coocks Brook and Middle Arm.
Point Formations, The separutionﬁ of these two formations in the Bay
of hIslands 1s demonstrated, in subsequent sections, to be valid -and
meaningful, but alterm 1s needed to enc;ompasls the entite carbonate

and shale-dominated interval which they represent.

To the‘north, the Cow Head Group contains two formations, each
vith several members, and 1s overlain by sandstones of the Lower
Head Formation (James and Stevens, 1986). The Cooks Brook/Middle Arm

Point interval Iis shown {n this study to be timately related to

the Gow Head, in terms of age equivalence anc'l lithologig‘similarity

and the two are linked in a depositional model presented~xin Chapter

B. This perspective provides further impetus for a .parallel
nomencla;ure for the two areas. hd

Hence the term Northern Head; gtoup 1s Informally adopted in
this study to encompass the Cooks Brook and Middle Arm Point
Formations, which are best exposed in the Bay of Islands and extend
in a tectonized belt southward to the Port au Port Peninsula, The
name is taken from the promontory of Northern .Head, at the mc;uth of
Middle ;\rrn (fig 3-2).'uﬁich exposes a thick and relatively
c;ntinuous section spanning ruch of the Cooks Brook Formation and
passing upward, through tectonized intervals, into che Middle Arm
Point Formation to the east and north. The base and top of the
Northern Head group are clhe base and top of the Cooks Brook and
Middle Arm Point Formations respectively, as diescribed in ¢-:IEta11

below. The Northern Head Group is overlain by sandstones of the

Eagle Island Formatien, also discussed below,

s
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Figure 3.2 .

- -~

Bay of Islands: Northern Head group (and ad]acent units), pgenerallized
geology and location of sections discussed in the text.

’
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The revised stratigraphic nomenclature adopted here is regarded
as useful in regional mapping, i{n syntheses of continental margin
evolution and {n studies, such as this ona, which forus on the
nature of the margin over a selected stratigraphic interval. The use
of this nolmenclature for apparantly equivalent sedimentary sequencen
in the Hare Bgy Allochthon has ‘Inot been critically exdmined in this

study. ' T '

J.1.2 . THE CURLING GRQUP

3.1.2.1 Summerside Formation

The St;;mers.ide Forma'ti.on is composed of medium-bedded
yeliow to cream-weathering sandstone, green and red sandstone and ‘
highly cleaved green and red shale. The term was origin.ally'u.-scd by
Weitz (1953) but was redefined by Stevens (1965) to refer to the _
above described 1ithologies which are well exposed at the villaga of
Summerside. The,unit is also exposed on the south side of the Humher
Arm between Crow Hill and Church Cove (lmmedintely west of Corner
Brook),. to the north along the shores of Frenchmans Pond and at Long
Point in Middle &rm‘(fig 3-23.

This unit has generally suffered intense tight Eo isoclinal .
folding and associated steeply west-dipping cleavage which mnk‘es
establishment of an internal stratigraphy and an estimate of
strat{graphic thickness vi_rtuglly {mpossible. .Bedding is commonly
transposed In less competent parts of the formation and great care
must be exercised to sep;lrate bedding and cleavage. The author
accepts Stevens’ (1965) bro.ad subdivision of the Sumr_nersid;-.

Formation into a lower arenaceocus séquence and an upper red and

43




SN -
Breen slate sequence. The lower unit is dominated by a }ellou-

veathering, thin to med__iu.m-beddsd, medium to coarse quartzose
litharenite with scattered pebble conglomerate, which passes upward
into mediun bedded red and green sandatones. This appears to be
transitional with the overlying red and green slate, which locally

" demonstrates colour chat‘15es along-strlke. In the uppermost part this
slate 1a transicional upvard with bluish-weathering grey shale, and
the appu;rance pf thin quartzose sandstone beds within this shale is
regarded as the base of the overlylng Irishtown Formation.

The base of the- Summerside Formation is regarded as ever;rwhere

" a tecto;xic contact, t"or example at Crow Hill (fig 3-2) where the
unit ha.s been thrust eastward wer the Irishtown Formation. Stevens
{1965) estimated th? thickness of the Summerside Formation as at
19:91: 100 feet ( 91 m). Bruckner {1966) sBuggested a thickness of 800
feat. (244 w), however it seems likely that the lowermost dark shales
mentioned in his account encompass parts of the Irishtown Fermation
and/or the basal melange zone of the Humber Arm Allochthon and this .
estimate Is considered too large. The upper red and green shale
“interval within the Summerside Formation appears to be thicker at
Frenchmans Pond (ﬂg 3-2) than at Summerside itself and hence a
thickness of 150m {s tentatively suggested here.

At Long Point, in Middla Arm (fig 3-2), a thin {nterval of
Summerside red and green shales stratlgrap:ohlcally ov.erlies roughly
20m of pillow basalct at the structural base of the allochthon. A
similar relationship is seen on Woods Island (fig 3-2) between

sediments and ;mlcanics there, suggesting a link between the
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Supmergide Formation and parts of the “Blow-me-Down Brook Formation®
which i3 discussed further later in this chapter.

To the north, in the Bonne Bay area, presumed equivalents of
the Summerside Formation are mapped as the Mitchells Formation
(Nyman et al,, 1984).

No fossils have been reEovere,d from the Summerside Formatien
and ic i3 tentatively regarded as Early Cambrian in age, because of

its relationship with the overlying Irishtown Formation (sce below).

3.1.2.2 Irishtown Formation

The Irishtown Formation ;::omprises medium to thick-bedded
quartz-rich sandstone, conglompratic in part, intervals of ETey to
'black shale and thin-bedded buff-weathering silestone. This unit was
mapped as the Meadows Formation by Stevens (1965) but thii name was
superseded by the term Irishtown Formation (Bruckner,1966) which s

now in common usage. This formation is widely exposed along the

shores of Humber Atm and in Hiddie Arm (fig 3-2).

0

The internal stratigraphy of this unit i{s sttll not well’
u.nderstood and the most detallcd actempt to subdivide the formation
remalns that of Stevens (1965), vho propesed &6 informal "members”
plus a_tfansltion zone into.the overlying Cooks Brook Formation (p.
23). vhile only the upper part of the Irishtown Formation has
received detailed examinatlon in this study, 1t is felt that some of
these divisions may réflect facPes equivalents or structurally
repeated intervals and a simpler gross stratigraphy for the -

Ir{shtown Formation 1s adopted here.

The base of the Irishtown is a thin interval dominated by.
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bluish-w;athering grey shales with thin beds of qﬁartzose silﬁscone

™~ ' to fine sandstone and s transifional wich the underlying Summerside .
Formation, This interval is approximately 30m thick and is best .
expoged at Davis Cove west of Summerside (fig 3-2))(cf. Stevens, 4
1955; pp. 23-24). Immediatély overlying the transition zone is a
thick Iinterval dominated by thick-bedded quartzose sandstone wifh '

///X -:”;rey to black shale interbeds which extends west from Davis Cove to .

the west side of the village of Meadows {fig 3-2), It-i; the

i
quartzites of this interval which form many of the rocky

promontories along the Humber Arm. Areas where this unic is exposed

are too numerous to list hut good exposures include the prominent
hi1ll in downtown .-Corner Brook {and mostlof'tge roadcdts in and
- arpund the town) and the area from Davis Cove to Meadows on the
north shors of Humber Arm {fig 3-2}.

Sandstenea within this interval demonstrate considerable p
vafiability in bedding style and are in part congloﬁeratic, but are”
evérywhere quartz-rich. Beds are commonly 1 to 2m in thlckneﬁs but
emalgamated beds range up to 10m thick (e.g. roadside exposure
immediately northwest of the village of Gillams: fig 3-2).
Sandstones and conglomafafes are interbedded with thinner intervals
of quartzose siltatone and grey shale whiéh is commonly orange-
weathering. Shale-dominated intervals up to Im occur within this
unit. Thin carbonate units have been described from the middle of
the Irishtown Form;tion by Stevens (1965) but where these have been
examined (a.é. at Crow Hill) they are thought to occur toward the

top the formation and to be relaved to the transition into the

L
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overlylng Cooks Brook Formatfon. Lenses of conglomerate within tha
unit contain peBbles of igneous, metamorphle, sandstone and

carbonate lithologles which appear to represent a sample of the
Grenville basement and overlying Labrador Group of the auco:hthon;us
sequence (Jamea and Stevens, 1982). €ood exposures of chis
conglomerate include the prominent hill in downtown Co;;cr Brook,
immediately west of the wharf at HcIv;rs and numero;s outcrops alpng‘
the north shére of Penguln Arm (fig 3-2), *hese conglomerates seem.
to occur near the top of the quartzose sandstone interval, as -
suggested by Stevens (1965). Novhere is this entireﬂinterval well
exposed In an ar;a where structural deformation can be accounted

for, but it 1s probably best represented between Davis Cove and wv;t

of Meadows, on the ndrth shore of the Humber Arm. The interval is
estimated to be 450m In stratigraphic thlckness.

The uppermest unit of the Irishtown Formation L3 composed of
khin—bedded, commonly orange-weathering quartzose siltstone, |
scattered thin beds of sandstone and grey to black shale. This
intefval 1s best expogpd immediately west of Halfway Point, east of
Gllgs Point, at Mclvers (on the shoreline and in the brook) and on
the north shore of Penguin Arm} (fig 3-2). The siltstone-dominated
lithology appears to pass upward Into a dark shale-dominated
Interval vhich is regarded as uppermost Irishtown Formatlon and is
the only part of the formation exposed at the base of sevéral
sections thrbugh the lower Cooks Brooﬁ Formation leﬂidale Arm
(section 3.2). This entire unit is commonly intansely foldea and

,/,.__.

deformed but is tentatively regarded as approximately 75m in

stratigraphlc thickness.
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The Irishtown Formation, then, comprises these 3 generalized
intervals, with a total estimated stratigraphlc thickness of 550m,
Early Cambrian trilobites, salterellids and archaeocyathans have

been recovered from carbonate pebbles within Irishtown conglomerates

(Usithier, 1949; McKillop, 1963; Stevens, 1965; James and Steved;,-

'1982). These, and the late Middle Cambrian fossils of the
{mmediately overlying Cooks Brook Formatlon. suggest that the
Irishtown Formation (s late Early to Middle Cambrian in age.

Presumed lateral equivalents {n the Bonne Bay area are mapped as

Barters Formation (Nyman et al., 1984),

3.1.3 THE NORTHERN HEAD GROUP

3.1.3,1 Cooks Brook Formation

_The internal atratigraphy of the Cooks Brook Formation is
described in decall in section 3.2. The_unit 1s composed of
carbonate conglomerate, thin-bedded carbonate and shale. This
formation ia exposed {n the "Cooks Brook syncline® between Halfway
Point and Glleg Point (and southward), in a broad band expesed west
of McIvers and Coxs Cove which extends along the north shore ﬁf
Middle Arm, and I{n tectonlically isolated fragments within the

"Rattlar window", and lmmediately to the west, on the opposite shore

of Humber Arm.
wnoe /

The Cooks Brook Formatien overlies the Irishtown Formation in

transitional contact and the base of the formation is placed at the

-

first carbonate hed which appears above the black shale-dominated

Interval of the uppermost Irishtown. The basal contact is described

-




In deta{l in section 3.2. The Cook; Brook 1s stratigraphically
overlain by the Hid&ie Arm PoInt Formatfon (described balow).

The Cooks Brook Formation (as all units in the Humber Arm
Supergroup) has been tectonically deformed and dislocated, so that
the composite thickness and fnternal stratigrapﬂy are assembled from
a number of'measured sections throughout the Bay of Island;.area.
Total composite stratigraphic thick;ess is approximately 350m.
Similar gocka within the belt extending to the.north into Bonne Bay
have been mapped as McKenzies Formation (Nyman et _al,, 1984},

On the basis of contained‘fﬁssils, the Cooks Brook

Formatiow"is regarded as late Middle Cambrian to Early Ordovician

(Tremadoc) in_age (section 3.3):

3.1.3.2 Middle Arm Point Formation

The Middle Arm Point Formation is composed of bedded, yellow--
weathering silty dolostone, siliceous green shale with thin beds of
doiostone, banded black and green shale, red and green shale and
minor chert and pebble conglomerate. The internal stratigraphy of

the formation is discussed in section 3.2. The interval is best

exposed in sections from Middle Arm Point through Eagle Island and

around the shoreline of Woman Head (the peninsula aeparating Middle
Arm from North Agm).,Similar intervals on and near the Port au Port
Peninsula'are also regarded as Mi{ddle Arm Polnt Formation. Similar,
more hléhly deformed lithologies to the north have been-included {n
the McKenzies Formation by Nyman et al. (1984).

The -base of the_Hiddle Arm Point Formation is defined as the

base of a distinctively yellow-weathering 10 to 15m interval of
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bedded silty doloatone (Stevene,1965) where it stracigraphically

overlies tﬁe Cooks Brook Formation. Detalls of this contact are

provided in section 3.2. The Middle Arm Point is transitionally
overlain by ssndstones of the Eagle Island formation. Like the Cooks
Brook Formation, the thickness of the Middle Arm Point Formation is
assembled with the use of several structurally separated sections
and is estjimated as 120m, but appears.to be somewhat variable
according to the thickness of the uppermost part. A thickness of
1320 feet {h02m) {including an overlying "transition zone™) was
originally estimated by Stevens (1965). This is thought, however, to
Incorpeorate numerous tectonlc repeticions of the uniF and to reflect
a different interpretation of tﬁe nature of the overlying sandstome
. (see belgu).
Based upon contained graptolites the Middle Arm Point Formation
" 18 regarded as Early Ordovician Lﬁ age, spanning the upper Tremadoc
to middle Arenig Serles {section 3.9,

Thus c@e‘ﬁortharn Head géoup as a whole ranges In age from late

Middle Cambrian to Early Ordovician.
T

3.4 EAGLE ISLAND FORMATION

The informal term Eagle Ialand formation is introduced in this
study to refer to the sandstone dominated interval which
Et;atlgraphically ovarlies the Middle Arm Point Formation. The unit
1s composed of sandstone, ranging from thin to thick bedded,

localized conglomerate, siltstone and grey shale plus local minor

interbeds of red and green shale (similar to that of the Middle Arm




a

-au Port penlnsula the interval.is more highly rectonized and

*p

Point Formation)_in the 1owégt'part. Tﬁe formation is generally. : -

exposed along the western margin of the Bay of Isla;ds study area

(fig 3-2). o “ ' ' .
- This 1is the uppefmost interval examined in this sfudy and is ‘

;::t of an elongate, diﬁc@ntinuous belt of Louer to Middle

Ordovician .sandstone uhiﬁh overlies deep-water carbonate slope , e

deposfts (répresented by ghe Cow Head Group and Northern hond g}oup)

and extends from the Cow'Head area south;ard through Bonne Bay and

Into the Ba} of Islands, Southward from thls point "and onto the Port

ﬁiscontinuous. in the Cow Head area a wimilar sandstone ls termed
the Lower Head Formatiof (ﬁilliams;et al., 1985; James and Stevens,
1986) and conforﬁably ovériies the Cow Head Group. In the Bonne Bny
area the sandstone has been termed the éellars Formation (Nyman et
al., IQS&). In the Béy of‘Islands and Port au ?orr areas rhe
sandstone conférmably overlies the Middle Arm Point Formaélon nnd.is
regarded as a correlative of the above named sandstone units. The
Eagle Island formation 1z most. clearly comparable with the lower
Head Eormation, but differs in character enough that & separate
informal formafian name 1s adopted here, ﬁending further detafled

study of these sandstones.

Sandstones assigned to the Eagle laland formation in this study

were previously iIncluded within the Woods Island Formation (Stevens,

1965) and the Blow me Down Brook Formation (Brueckner, 1966).
Subsequent studles have questioned the age and depositional setting .
of Blow-me-Down Brook sandstone in {ts type area (Stevens, 1983

Waldron, 1985; Quinn, 1985), “stressing the apparent effinity with ‘

+
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the ?Lower Canbrian Summerside Formation. The term "western

undscone"‘ wag Informally adopted by Waldron (1985) (following

Lilly, 1%63) and nomenclature fof- this unit 13 still considered
N

undélr revision. Hence sandstones dﬁesignated herein as Eagle Island

~ .

foimation are removed from the Blow-me-Down Brook Formation and are

those sendatone units which can be demonstrated to depositionally

. overlie the Middle Arm Point Formation (and equivalents) and are

clearly Early to Middle Ordovitian in age. This is Fhe same

* gandstone informally termed "easterly derived Elysch” by Waldron

(1985). ’ - -

. o - r

The Eagle Island formation is the uppermost unit in the Humber
Arm Supergroup and the upper boundary of the formation is everywhere

tectonic (commonly melange). A minimum stratigraphic thickness of

-

a;’aproximately 200m is. indicated in the type section at Middle Arm
Point. ) ; o
A-more detalled discussion of the distriburion, sedimentology

and pileontdlgy of this foermation is provided in e‘nsuing sections.*
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3.2 ¢« SYSTEMATIC STRATIGRAPHY OF THE HORTHERN HEAD GROUP

-

Introduction

No single, continuous section exposes the entlre Northern
Head group. The stratigraphy has been assembled by correlating
structurally isolated sections whi.ch span various parts of the
enl:ire. interval. Reconnaissance mapping vas initially conducced Ito
identify the most intact sectlons and to establish Il:helr structural
relat-ionship {Chapter 2). A total of 1f2 sectionsg, uhicl{ to'gether
span the Northern Head group and ad] ac'lem:'units. were measurcd {n
datail. The location of these sections {s shown in figure 3-2.
Evidence has also been incorporated from more deformed areas ,
commonly “fault-bounded sliveré;, which have not ‘been {ncluded
wi l:‘hin detailed sections. - !

A discussion of each measured section, including the resolution
of local structural complexitlie..-:, is provided in Appendix B. Large
scale reproductions of measured sections are contained In Appendix A
and simpified verslons of .these are brought forward where necesmr}.

Sectlons have been cdrrelated on the basis of lithologic and
blostratigraphic evidence. 'In some parts of the Northern l.Iead EToup,
members, wﬁicl"n are de.mdnstrably correlatable. and consldered useful
for ‘llnappir_xg purpo;es,_ have been {nformally defined. Useful macker

horizons include the transitional contact with the underlying

Irishtown Formation, a Cambrian conglomeratic interval (Brakes Cove

member), a bedded dolostone unit at the base of the Middle Arm Point

Formation (Uoman\Cova member), a distinctive siliceous grcen shale

and dolostone unit (North Arm Point member) and the transitlonal




contact with the overlying Eagle Island formation.

A wagt to aﬁst. proximal to distal polarity is indicated In che-
Northern Head group, although not as readilly apparent as in the Cow
Head Group (cf, James and Stevens, 1986), whare the across-strike
exposure 1s considerably greater. A schematic, composite

‘stratigraphic sectifon is shown In figure }-3 as a gulde to the

sctraclgraphic intervals discyssed in this section.

. . - /
N CAMBRIAN -

3.2.1 The lowermost Cooks Brook Formation {lrishtown/Cocks

Brook Transition)

Pl

»

This is a discinctive inteﬁal which represents the transition
.from Irishcown slliélclasticlsedlmentatlon (?Middle Cambrian)- into
the carbonate-deminated Cooks Brook Formation (late¥ Middle C;ambrian .

- and younger). ' . .
Diatrlbutiojn‘

The tran.siti.on'zone occurs on both limbs of the Cook’s Brook
-syneline (fig 3-2). 1t is ur;disrupted -‘in the type section at Haliway
Point but is displaced by minor.faults and folds ac Ciles Point, T
the north, Irishtown shale appears in the core of an anticline at
Sdal Cove (Middle Arm) and the transition zone is intact on the
sastern limb of this anticline. It is pr'ese;'\t but disrupted by
faulting immediately to tha south at Brake Cove and to thé west at
Northern Head. Further morth, along regional scrike, the zone 1is
idantical'whare obaerved in reconnalssance mapping_bf H'iddle Trout

River Brook. This interval here forms the base of what has been

informally termed the Hc;l{enzies Fomat_lon' (Nyman et al.,1984),

-

54 ' )




Figure 3-3

Composite stratigraphic section and internal stratigraphy of the
Norchern Head group. Lithologle symbols as per tfig 3-1a.







clearly the equivalent of the Cooks Brook Formation.

Lithology . .

. The base of the Cooks Brook Formation is defined at the first

appearance of bedded iimestone abave the shale-dominated uppermosc
Irishtown interval prevlouély described. At the type section at
Halfway Bolnt (fig 3-4) these beds are 20 to 50cm thick and are
granule to pebble conglomerates, commomly graded and displaying a
platy fabric. Parallel-laninated dolomitic grainstone locally caps |
these units or occurs as isolated beds. These carbonates are
interbedded with dark grey to black shale, commonly laminated, which
dominates the lowermost 10m and glves way upward to an interval of
black/green/dolomitic banded shale. .

At Glles Point one of the lowermost carbeonate beds is a 50e¢m bhed
comp-osed entirely of oosparite. The sdme lithology appears as clasts
in imnediately overlying conglomerates, Although describ:ed from
several localiti;as by Stex'.rens (1965), oosparite has not been noted
as bedded units in oth_e; sections which expose the base of the Cooks
Brook Formation and is fegard.ed here as an "accessory component” of
the transition zone,

<

Abundant diagenetic pyrite 1s a ublquitous accessory feature of '

¥

the bzzxse o_f the Cooks Brook Formation (refer to Chapter 6},
Paleontologl: |

The only _fo’ssils collected from this 1r|terva} to date are
indeteﬁinate agnostids from thin limestone beds in Middle Trout

River Brook.




Discusaion

This interval, the transitional base of the Cooks Brook
Formation, s remarkably sinilar everywhwer.e. It is overlain,
however by units o!:' different age, which suggests a locallzed and
variously punctuated onset of carbonate sedimentation. This will be

discussed further at the end of this chaprer.

3.2.2 The Halfway Point Member

Distribution

This member 1s exposed on both limbs of the Cooks Brook
syncline, at Giles Polnt and at the type sectlon at Halfway Point.
It also occurs in faulted exposure In the core of the "Rattler
window", and as a rafr in melange along the shoreline opposite Woods
Island (flg 3-2). LN ’
Lithology

In the type section, at Halfway Point (fig 3-4) this interval 1is
roughly 120m thick and is domlnated by conglomerate. There are
several Individual conglomerate units within this interval, of
variable style and thickness, Together, however, they form a
cc;nglomerstic intexval which cohtrasts with overlying and underlying-
units and presumed la;eral equivalents.

At the base of the Halfway Polnt member are several beds of
platy conglomerate 1 te 2m In thickness. These are overlain by a
roughly 50m thick unit of matrix-rich boulder conglomerate.
Ovarlylr_lg this, in-the upper part of the member are several
‘a‘:onglonerncc beds, 2 to 10m thick, of varlable style and macrix

content. Interbeds of parted lime grainstone and nodular to ribbon
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Flgure 3-4
Lower portion of the Halfway Point sectien, t1lustrating the lowermost-
Cooks Brook interval and the overlying Halfway Point member. Litholeglc

symbols as per fig 3-la; "abt. cosparite” refers to abundant clasts of
oosparite within conglomerate, . -







limestone separate conglomerates throughout the entirte lntervnl
The Halfway Point menber as a whole, but particularly the medial
massive conglomerate, is distinctive in 3 ways: 1) there Is a very

high proportion of dark shale matrix, 2) internal structure is

commonly ch;étic and includes large (3x10 m) chaoticaily folded

rafts of beéded sediment, 3) individual boulders within the

conglomerates are unique. This includes cobbles to boulders of the
underlying Irifshtown sandstone, abundant oospatite cobbles, and a
distinctive white-wveathering algal boundstone lithology which has
not been ﬁofed outside of the Halfway Point member.
Paleontology

Trilobites have been recovered from boulders and from nodular
bedded carbonate in the Halfway Point section (fig 3-4) and at Bound
Head (Rattler Window) and are all late Middle Cambrian in age. Fauna
from the lower pa£; of the massive conglomerate are characteristic

of the North American Bathyuriscus-Elrathina Zone ahd the Acado-

Baltie ggychagnoscus éibbus Zone (pers. comm. A.R. Palmer to R.k.
Stevens, 1979). Fauna from higher in the Halfway Point section, and
Bound Head, are characteristic of the North American Bolaspidella

P

Zone and Acado-Baltic Zone B3 (pers. comm. W.D. Boyce, 1985; Secrion

3-3; Appendix C). No fossils have been located from the -uppermost

part of this member.




3.2.3 The Brakes Cove Member

Diseribution

The type section of the Brakes Cove member 1s at Northern Head,
whers contacts with underlying and overlying units are most clearly
exposed (fig 3-5) and the member appears to be the most
foas{liferous. Reference sections occur' at Seal Cove and Woman Cove
{fig 3-6). The interval is exposed at two localities in Brakes Cove,
whence the name is derived, but the degree of deformation here.
obscures relationships with nelghbodring units. The member is also
exposed in Penguin Arm.

Lithology

The interval is roughly 12 to 15a chick and is characterized by

pebble to cobble conglomerate units .5 to 2m thick, interbedded on a

3m scale with nodular to ribbon limestone. The conglomerates are

lensoid, and thicker units appear to be amalgamations of 2 or 3
beda. The member 1s underlain by an interval of black,green and
dolomitit shale with scattered thln'beds of carbonate grainstone. Ar

Norchern Head it passes upward into a thick Interval of parted to

ribbon limestone, while at Seal Cove it {s overlain by a shale- .

dominated lithology simlilar to that which underlies it.

Clasts within the conglomerates are roughly equ#lly divided
‘betweenvlime mudstone and grainstone wlth sparse "exotic” clasts
dominated by oosparite,

Paleontology

ihe conglomerates of the Brakes Cove member are the most richly

fosslliferous in the entire area and have yiflded a total of 49

trilobite and brachiopod-bearing boulders. These are dominated by

4
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Flgure 3-5

Lower portion of the Northern Head section, 1llustrating the lowermost
Cooks Brook Interval, the overlying Brakes Cove member, the Upper

Cambrian lime graihstone Interval, and the lowermsst Ordovician
conglomerate, Lithologic symbols as per fig 3-1a.







fossils characterigric of the North Aﬁerican Cedaria and
zecarla

Crepicephalus Zones (W.D. Boyce, pers. comm., 1985) and on this

basls the Brakes Cove member 1s regarded as early Dresbachfan (Late

Cambrian) In age (Sectien 31-3). !

3.2.4 Upper Cambrian facies contfasts

The Upper Cambrian is largely represented by a thick interval of

"bedded lime grainstone, but sections at' Seal Cove and Woman. Cove are
overall more dominated by shale and lime mudstone (fig. 3-6).

-~

a) Gréiny facies (Northern Head)

Distribution

At Northern Head the Brakes Cove member is conformably overlain
by a thick (100m) interval of parted to ribbon lime grainstone (fig
3-3). A similar interval appears Iin Brakes Cove, abave the Halfway
Point member in the Cooks Brook syncline, and 1s pnr;;ally ’

represented at Woman Cove,

Lithology ~
Tnis interval 1s dominated.by ribbon lime grainstone with
scattered packages of parted lime grainstone and displays grey to
green shale interbeds throughout. Grainstones commonly display
abundant q;artz s1lt, which is visikle in thin sectien but not
readily apparent in the field. Thin (20cm) very lenmsold placy ~ ‘
conglomerates are ;c;Ctered through the sequence. Roughly 20m from
the base of the interval at Northern Head a ‘zone of chaotic folding

occurs which may be slump-related (Chapter 4).

In the upper part of the fﬁterv%l, immediately east of the tip
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of Northern Head proper, highly rippled, dark, coarse 1ime
~ gralnstones appear. Beds here are up to 20cm thick, locally
‘nalgamatad and inelude zcattered 1ntrafomational-Eonglomera}:és. ‘
These g.rainsl:ones contain the abundant quartz sand grafns vhich are
medium to fine and very well rounde.d. The sequence upsection Is

dominated by parted limestone with scattered &40cm conglomerare beds

and contfnues to the major Orddvician conglomerate discussed below. .

Paleontology

" The only fossil locality co;'ntained within this grainy seqﬁence
i3 an Iindeterminate Dendroid assemblage (cf. Callograptus) from a
black shale horizen immedlately below the rippled-graiasi:ones
described above. .'I'he sequence as & whole 1s regarded as Upper
C‘brian.since ic is bracketecuqx the Dreabachian’ Brakes C_ove member
below and a';onglomera‘t‘:e contalnir_:g Lower Orc_lovici.s;n cla-sts above,

b) Shale/lime mudstone/conglomerate facles

Distribution

Ae Seal Cove and in part at Woman Cove the Upper Cambrian is
more dominated by shale and lime ‘mudstone”than the sequence
described above. It is also, however, punctuated by a second
conglomeratic interval ;imilar to. t_he Northern Head membe-r. Also, a ‘

very thin-bedded lime mudstene -dominated interval appears in the

uppermost part of the Halfway Point section, in the core of the

Coocks Brook syncline. !




Lithology ) - .

At Seal Cove the Brakes Cove member is overlain by a.roughly o
interval dominated by interbedded black, green and dolomltie shale
with scattered intervals of'r‘ibbon limestone. This is overlaln by a

conglomeratic interval sIimilar to the Brakes Cove member, roughly

30m in thickness. The interval contains a number of lensoid pebble

conglomerate units from 20 to 80cm thick which are interbedded witl;
abundant green sl-'nale and 1 to 2m packages of nodul_ar to ribbon
limestone. This unit has been tenl:nl:ivelir correlated with an
interval at Woman Cove dominated by green shale and nodular
limestqne with a few thin lensoi.d conglonlaeratgs.'

A sequence of parted ﬁo ribbon lime mudstone, estimated to be‘ .
55m th_ick, ove.rlies thls interval at Seal Cove. Limestones hert.: are

characteristically 'very thin bedded (1 to 2cp). A similar, buc

thinner, sequence appears at the top of the Halfway Point section,

in the core of the Cook’s Brook syncline.

:

Paieonl:o logy

- -
'The upper conglomeratic interval at Seal Cove has yielded a

sparse trilobite fauna indicative of the North American
i
Taenicephalus Zone (¥.D. Boyce, pers. com., 1985) and is regarded -

tu

as lower Franconlan. ' :

+ . oo
The only Trempealesuan fauna encounfered in this study occurs

within a boulder in the Ordovician conglomerate at Northern Head.

The uppermost lime mudstone and shale-dominated sequence has not

yielded any graptolites as yévl: and L= tentatively regarded as latest

Cambrian in age.




"3.2.5 Discussion of the Cambrian

Correlation of units in the Cambrian portion of the Northern
Héad group 1is shown in figure 3-6. As mentioned earlier, the
transitional base of the Cooks Brook Formation ap;;ears remarkably
sim.ilar everywhere but {s overlain by units of différent aspect and
different age:. In the most easterly exposure, in the Cooks Brook

syncline, the thick, conglomeratic Halfway Point interval appears

- and 15 belleved to be entirely late Middle Cambrian (Bathyuriscus-

Elrathina and Bolaspidella~Zones). In contrast, in sections to the

northeast in Middle Arm the lowermost Cooks Brook interval passes
upvard into the Brakes Cove nember‘ which Is Dresbachian (Cedarfia-
Cregiceghalur; Zone). Several alternatives might explain this
apparent contrast: - )

Op'tion 1) The Cocks Brook syncline is out of plaee with respect to
the west to east/proximal to distal polarity of the Northe‘rn Head
group as a whole and has been structurally transported from an
"inicial proximal secting te its present pl:;sll:ion. This places the
Northern Head/Seal Cave sec‘cion; In an initially more distal

+

_ position and indicates that they re;:eivad coarser carbonate
sedimentation later, possibly under a:.-_f_:_:t:\‘dition_s of a prograding
carbonate margin. -

Option 2) More intense fos}ai_l collecting will uncover trilobites of
Dresbachian age I{n the Hslfway Poil.nt mwember, indieating ths*: some or

all of it is coeval with the Brakes Cove member and suggesting that

these are facles equivalents of the same depositional event,

Option 3-) The onset of carbonate ﬂlmentatlon vas localized and .

variously punctuated along the Caml;;{‘gn margin. Hence deposition of
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- . Figure 3-6

Cooks Brook Formation: interpretative stratigraphic correlation within
the Cambrian. Lithologic symbols as per fig 3-la..

1







-

the Halfway Point member occurred downslope from an active carbonate
shelf in the late Middle Cambrian while shale-dominated
L]

sedimentation continued at Northern Head/Seal Cove until the Upper

Cambrian deposition of the Brakes Cove member.
‘There 1s no evidence presently available to support options 1

nor 2. The third alternative fepresents the simplest and most -
-straightforward model for correlating these units in the lower phrt
of the Cooks Brook Formation. Conglomerates of the Halfway Point
member have a distinctive style in their overall thickness, abundant
matrix, chaotic sed{mentary structures and incorporatfqn of huge
folded rafts of bedded carbonate and large blocks of the undérlying
‘Irishtown sandstone. These characteri;tics suggest that the Halfway
Point member is an isclated unit: localized by depositional

Iprocqspes, and followed by later gravity depoaits (Brakes Cove

memberi along depositional strike in the Upper Cambrian. The

postulated depositional setting of these units will be discussed in

Chapter 8.

ORDOVICIAN

3.2.6 Lowermost Ordovician conglomerate

" Mstribution

The conglomeréte fs prominently exposed immedistely east of the:

tiﬁ of Northern Head proper and this is. the only locality which has

ylelded an Ordovicien shelly faunal ‘assemblage.




Lithology ‘

it i{s a pebble to boulder congloni;rate, 2m thick, vhich has
planar boundaries and ls not graded. It occurs u‘ithin a sequence of
parted to ribbon lime grainstones and lmmediately overlies the
interval described in 3.2.4a) above (flg 3-5).

This is the youngest polymict conglomerate within the Northe;n
Head group,rslnce conglomerates upsection contaln a preponderance of
locally-derived clasts, deformed vhile soft. This unit, however, has
a mlx;ure of lima grainstones and mudstone with sparse clasts of
cosparite and Is, in this sense, similsr In style to underlying

Cambrian conglomerates.

Paleontology

Boulders within this bed have a Lower Ordovician trilobite and

brachiopod fauna characteristic of the Mississqoula and Sjmphisurina
Zones (W.D. Boyce, pers. comm., 1985). A single boulder containing a
Trempealeauan fauna has been identified. Correlation of this unit
with overlying graptolite-bearing units will be discussed in the
next section.
Discussion

" The Northern Head secl:l.onl above this bed is disrupted by normal
faulting but overlying ribbon limestones are interpreted as being in

normal stratigraphic sequence. Hence the conglomerate bed is

regarded as lowermost Ordo-vician. immediately below the~graptolite-

bearing interval discussed in the following section.




3.2.7 Tremadoc ribbon limestone interval

Distribution

This unlt occurs in the core of a complexely deformed anticline
at the southern tip of Eagla Isiand, in the eastern continuation of
. the No;ther; Head section, in the cove between Northern Head and
North Arm Foint, and at the base of the North Arm Peint section (fig
3-2). Each of these locaiitles has ylelded graptolites (Section 3-.
3). This unit.is also rentatively correlated with a deformed
" interval of similar lithology at Woman Cove (f1g 3-7) which has not

yielded fossils to date. It also appears within a zone mépped as

"bighly deformed Cooks Brook Formation" in the vicinity of Black

Head (east of Middle Arm Point; flg 3-2).

Lithology ]
This interval is somewhat deformsd or only partially exposed
wherever seen, hence fts tﬁicknéﬁs is estimated as 30 +m. At Eagle
Island exposure is limited and consists of a tightly folded {nterval
of black shale, in beds up to 40cm_thlck,_w1th 15 to 20cm thick
'ipterbeds of lime mudstone. The section here passes transitionally
upward into the basal Middle Arm Point Formation {the Woman Cove
member), however the degree ;f deformation at this locality makes
relationships difficult to interpret. The fault-bounded ribbon
limestone interval at Northern Head is of simllaf aspect: laminated
dark shale ranging i{n thlckness from 15 to 40ca Iinterbedded with
units of lime mudstone 15 to 250m-th1ck.'ﬁ similap fncerval north of
" Northern Head passes upward into a highly deformed zone separating

this section from North Arm Peint toe the north. At North Arme Poinc

an 182 interval of this unit {8 exposed at the base of the seccion,
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. Figure 3.7

Cooks Brook and Middle Arm Point Formations: interpretative
stratigraphic correlation within the Ordoviclan.
per fig 3-la; predominantly red and
the section i{s shown uncoloured.

Lithologic symbols as

green shale in the upper part of
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above low tide (fig 3-3). This interval is dominated by siliceous
black shale with 5ca interbeds of lime wudstone at 30 to 40cm

intarvale. The shale is finely laminated and contains thin (< lmm)
extrenely organic rich, "sooty” partings at roughly 5S5cm intervals.

Lensoid pebble conglomerates up te 20cm thick occur within the lower

5m of exposure. An lsolated 10cm banded chert is present in the

uppermost lm and contains lenses of pyrite up to 2Zecm thick. This
interval passes upward intc a unit of \}ack and green shale
{nterbedded on a centimater scale.

The relationship of each of the structurally separated sections
containing this interval is not clear due to the nature ’of exposures
in the hrea.lThey are, however, regarded as intimately assoclated
and aqu}valant or t?ansltio:al based on contalined faunas and
lithologic similarity (fig 3-7).

FPaleontology

This interval at Eagle Island contains a classic Lancefieldian 1
(Lal) graptolite fauna (Erdtmann and Botéford. 1986; Section 3. 3).
Another Lal faunule has been recovered from the Black Head locality
(Stevens, 1965).

The Horthern Head .nterval contains an La2 fauna dominated by

Araneograptus murrayi (B.D. Erdtmann, pers. comm., 1386). The

deformed zone south of North Arm Point has yielded only a sparse
collection of siculate dendrolds, tentatively regarded as Early
Qrdovici{an. The North Arm Point interval 1s richly graptolite-

bearing and contains an abundant La2 fauna throughout.




Figure 3-3

- Upper portien of the North Arm Point section, fllustrating the
disposition of the Woman Cove member, parted lime gralnstone interwvnl,

Norcth Arm Point member, uppermost Middle Arm Point Formatidn, and Eagle
Island formation. Lithelegic symbols as per fig 3-la. '




North Arm Point |

EAGLE IS.FM,

Tw -

UPPERMOST
v 'd M.A.P, INTERVAL-

="

;miuor shaar . NOHTH A;IM
POINT MBR.

<« @n

"3

minor shear

P ]

_ G PARTED LIME

%: Th GRAINSTONE INTERVAL
minor shesr

———— G

bik/gn’

M

AR 503

MIDDLE ARM POINT 'FM.

WOMAN COVE MBR.

COOKS BROOK FM.




Discussion

At North Arm Point the top of this ribbon limestone and black

shale interval is of La? age, and is roughly 13m below the bass of .

the Woman €ove member (the clearest neacby lithologlc marker, see

-

below) At Eagle Island South, houever’ the lal graptolite locality -
occurs roughly 12m below the sape dolostona package, Tha Uoman Cove
member 1s tentatively regarded as isochronous within the reselution

of graptolite zomation (see discussion 4in that section) implying

that the La2 interval is abbreviated or missing at Eagle Island. La2

Zone grapcolites have not been 10cared there to date and it is . !

possible thac the, lnterval haa been tectonically abbreviaced glven

the amount of daformation present at Eagle Island South.

3 =

3.2.8 Yoman Cove Member _ S ~

» hs

This 1s the clearest litheloglc marker vithin the entire . ’ y
Northern Head group and was prop;sed By Stevens {1963) as the base
of the Middle Arm Point Formation. The interval is a clearly
mappable unit, marks an overall change in depesiticnal conditjons

and hence is regarded as a good formation boundary. : : ‘ ’ \\36

Distribution

This interval is continuously exposed in the type éecqton at

North Arm Point (fig }-B) and is also well exposed at Waman Cove.

The overall aspect at Eagle Island South 1s very similar but
L]
_relationships with neighbouring units are suspect due to
- ‘ ) L] )
' deformation. This interval, or parts of it, is exposed elsewhere in .

1solated tectonic.slivers: along the north shore of Middle Arm

between Norther; Head and $eal Cove, south of Kiddle Aranoint. and %

. -




at Big Head (Rattler window).

Lithology
- \

The interval ranges from 12m in chickness at North Arm Point to

1I7m at Woman Cove. It is characterized by bkds of silty dolostone °

generally ranging_ia_thm from 15 to 45cm interbedded witk

green shale in beds 5 to 15cm thick, Dolostone beds ane d_isticl:ively:
_,yellow-weai‘:hering. are commonly cross-laminated and'
cha"racteri.stically highly bioturbated relative to I:hc'Coc;ks Broo]-m
Formation. Based on petrograph'ic and other evidence they are
interpreted as "tjl:atrital dolomite™ unics (Chapter &).

Several related un_its appear in the w_e-st, at North.A.r'm‘Point,
-which do not appear to the east at Woman Cave. Overlying the La2
interval at North Arm Point is & sequence, 13m in total :thickne:ss_,
comprising units of Interbedded black and green shale, parted lime
mudstone, and ribbon gralnstone. plus granule congl‘omérate whlch‘.
immediately underlies the Woman Cove member (fig 3;8}. Dolomite.
first appears as grains, and locally dominatgs,I;current-rippled

. : JI .
lensgs within=cthe uppermost grainstone beds. I contrast, at Woman

- Cove, thé dolostone interval sharply overlies. a unit of parted to

ribbon lime grainatone. ’

- Overlying _the Woman Cove ﬁ:e_mber at North Arm Point fs a 1.5m
pebplé to cobble conglc;m-e-race dominated by clasts of s{lty
- dolostone, deformed while-soft, and green shale ciearly. derived from
the u‘nderlyi.ng dolostone interval. A similar unlt occuﬁ's at Eagle

Island South-but-is sepa.r:a'red from the dolostones by an interval of *

black and green shale. At Woman Cove, the dolastone interval passes




N
transitionally upward into bright green shale with 1solated thin 7

beds of-lime mudstone and lenses of granule conglomerate up.to 20cm,

Paléontolt.)gx _ .
[

At North Arm Point black shale vithin the -vibbon lime grainstone _

unit, 1med'iate1y below the dolostoﬁe, has yielded a non-diagnostic

' . dendroid fauna. Black and green shale above the conglomerate

: N . e
contains a poorly preserved assemblage of Clombgraptus sp. (R.K.

Stevens, pers. comz., 1985). Green shales of the dolostone -ititerval
b

itself appear to be completely unfossiliferdus. From the forégoing

{t 18 clear-that the dolostone interval has not been precisely

dated, but based on, relatlonships with overlying and underlying

units 1s regarded as late Tremgdoc (la2). No evidence_is. presently

_available to suggest that the umit is time-transgressive.

3.2.9 Parted lime grainstone interval

Distribution

This interval is well exposed in thé North Arm Point section, in

the cove east of North Arm Point, and on Eagle Island (fig 3:2).
Exposures on both sides of North Arm Point are identical and

interpreted .to be on opposite limbs of an isoclinally folded (and

_sheared ) anticline,

i —

Lithology
The unit is 7m thick at North Arm Point and approximately- 10m

1

thick at Eagle Island South. At North Arm Point (fig 3-8) mtmor

shears 'are evident at the lower and upper contacts of the interval
but tba transitional nature of lithologic change g’:ross these

-~

boundaries indicates that they are sedimentary and not tectonle! The
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unlt 1}-cbqposed of lime grainstone, 1in beds 15 te 25cm thick

interbedded with black, finely laminated.shale ac'S to 10cm

intervals. The lime gralnstone is dark .grey due to included organic

carbon, displays scattered current ripples and is characteristically

biofurbated. Similar characterlatics are seen, but not as well

-

exposed, at Eagle Island South.

-

Paleontology ' .

e ==

-The laminated black shale beds within this interval contain a

non-diagnostic, dendreid-dominated fauna.

.
L]

-

3.2.10 VNorth Arm Point Member

4

Distribution : . ) -

These rocks are best exposed in the type section at North Arm

I

Point (fig 3-8) and also occur at Eagle Island (South and North);-:nd
in faulted exposu;*e .:aast of Northérn Head. A similar litholo_gy. with
theg same graptolite assembl_age, 1s seen at Grassy Cove, lanorth‘Arm-
(flg 3-2). ' _ )
Litholopy . -

At the type section the North Arm Point member overlies the
parted lime grainstone unit described above and measures 22m in
total thic_kness up to an overlying unit of red- chert and shale. The
upper part Is disrupted by shearing but appears to be transitional

in that 1t incorporates metdr-scale interbeds of the overlying r+d

shale.

The member is mostly a siliceocus g.reen shale with minor thin

dark shale interbeds (up to 3cm) and 15 to 20cm thick packets of




I

siley dolon'l.l:e which occur-at roughly 50cm intervals These -uhits'

display 1rregular bed.d{.ng at 2 to Scm intervals, are commonly cross-

Iaminated and locally silicified where they take on a reddish hue, -

Paleontology

The collection of late Tremadoc graptolites from the base of the
. . o

North'Arm Polnt member, and Arenlg assemblages from its uppermost

p_ai't indicates that this fnterval spans the Tremadoc/Arenig

boundary. -

At 1) North Arm Point, 11) z fault-bounded sliver earst of
Northern Head and 111) Grassy Cove (fig 3-2) the North Arm Point
" member contains a“late Tremadoc graptolite assemblage domrr_fat:ed by

Bryograptus, Adelograptus, Clonograptus and Klaerograprus (§_.ﬁ.

Williams, pers. comm,, 1984; 1985).

~

At North Arm Point a significant horizon of Arenig grapt:olites
occurs +in the uppermost part of the North Arm Point member, 1Z2m
.above the late Tremadoc locality, 2m below the_ overlylng red shale.
The Tremadoc and Arenig graptolite occurrences are separated by the
first_appearance of thin red Ishale beds (fig 3-8) and a shear zone’
which introduces a she:ar-boi.mded packet of rhe (overlying)

sandstone. (This has been removed when plotting stratigraphic ’

h .
sections). The upper Horizon contalns a Didymograptus bifidus

‘graptolite assemblage (5.H. Williams, ‘pers. comm., 1985). Similar,

. but more po?rly'-prese:ved assemblages occur at Eagle Island South )

and Norch. \‘\ ' : o | )
oy

Discussion
!

' Thase Tremadoc and Arenig graptolite assemblages come from an

' ldentical lithology which, at North Arm Point, dominates the entire
\ . » '
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interval t:rom the top of the above described dark parted lime
_grainstone unit to the base of the overlying red khale and cherl: E
unic. Ic thus appears that the Tremadoc/Arenig boundary is contalned .
within this "siliceous green shale plﬁs sllty dolomite” interval. )
' . \ : .

Moreover, no graptolite ass.e‘mi)hges. representative of the lower
’ ] .

—

Arenlg Tetragraptus approximatus, Tetragraptus akzharenst{s nor

Pendeggraptus fruticosus Zoenes (Williams and Stevens, 1986_) ‘have .

Y -

ever been located anywhere within the Middle Arm Point Formation.
These zones should a\ppear between these two localities and wocn if

the section as measured at North Arm Point is tectonically .

abbreviated, it appears on present evidence that the .lover Arenfg is

condensed or missing within the Middle Arm Point Formation.,

3.2.11 Uppermost Middle Arm Point Formarion

Distribution ’ . 5 ’
Complete 'sections of this interval occur at Eagle Island South
—— .

Eagle Island North and North Am Point (fig 3-2), Fault-bounded .

portions of the interval are common, particularly the upper part
vhich is in contact with the overlylng sanddtone. These include
Black Point in Port au Port Bay (75 km to the SOuth),'Hiddle Arm

Point proper, Black Brook north, Cape Split and Balance Point (fig '

3-2), Where the base of this unit {s seen Lt is transitional with

8
P ]

the underlying North Arm Point member,

- The sectlion at Woman Cove exposes a substantial portion of the

Middle Arm Point Form;tiun but the overlying sandstene dees not —~
L 4
appear in the core of the syncline there, nor does the North Arm

M

- .

hl
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)

Point member appear to be developed (fig i-7).
The section at cm;y Cove (North Arm) is different in

style (se?be‘iou), since this *uppermost Middle Arm Poin;-‘interval"

{3 not-'clearly distingoishable and litl;nologies best assigned to the

North Arm Point memb.e'r arp directly overlain by sandstones of the

Eagle lsland formation,

Lithologx . o . ‘ ,

This interval. comprises 3 basic 1ithotypes

1) a red shale dominated li.thot:ype which 1s either massive red

shale, locslly transitional inta masﬂve green, or occasionally

interbedded red and greén shsle

2) thi.niy (c-ng scale) interbedded black and green shale, commonly

vith packets of thin-bedded carbonate at rooghlsr 1m Intervals.

3) a gfogn shale-dominated lithoiogy woich locally demonstrates a

diffose 5 tollﬂcm scale banding of dark shale and contains scattered

0o
packets of silty dolomite,

at Black Point (Porc au Port Bay), Eagle leand and North Arm Point

(fig 3«2) There Is no ays}tematic variation in the strat{graphlc

occurrence of these lithotypes, although the third is similar to,

and may be locally transitiomal with the underlying North Arm Point .

'_ member described above. 'l'ho style of broad alternation of tha first

two lithotypea is well displayed in the Eagle Tsland Norch section

- (fig 3-9). This section also contains. in lts upper part, a 2m bed

r'of highly bioturbated lime mudsto:?fﬂch is not seen elsewhere.

At Woman Cove the entire interfal is dominated by bright green

shale with thin ribbon limestone beds common in the lower part and
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o ) Figure 3-9

Eagle Island North section {llustrating the uppermost Middle Arm Poin:

interval, and relationship with adjacent units. Lithologic symbols as
per fig 3-1a, v
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units of banded black and green shale in the upper part. No red

shale appears in Ehls section.
Chert is c;mmon throughout the vhblalinterﬂalland consgists
primarily of pervasively sillcified shale (Chapter 4),
The chick of this interval/is varfable (fig 3-7); 27m thick

at Eagle Island South, 63m thick et Eagle Island North and only 7m '

thick at North Arm Point. At Black Point (Port au Port)y. the base of

the. Interval is not seen and 54m are exposed. Likewise at Middle Arm
‘Polnt 16m are ex;osed above low ttge. It is possible that the
deformation in this part of the section is respd@hsible for some of
the apparent vaffability in thickness. It 1; also quite likely,
however; that, the erosive dépositiénal nature of the overlying
sandstone hae affected the thickness of the uppermost Middle Arm_
.Point, as has been demonstrated in the Cow Head Group (Jﬁmes and.
Stevens, 1986).

Paleontology

This interval is regarded as spanning the Isograbtus viétoriad'

lunatus and Isogfaptus v{ctoriae victoriae graptolite Zones {(S.H.
Williams, pers. comm., 1586; 1985&.1936). Banded black and green

~ shales at Black Point have ylelded a rich I. v. lunatus assti®lage.
Similar lithologles at Middle Arﬁ Point contain a 91.v.

.1unatu57victoriae fauna and pristine black and green banded shale

Immediately below the sandstone at Eagle Island Roxrth contains a
- ’ . . i
good 1.v. victorise assemblage. The I.v, victoriae Zone continues

into the overlying sandstone, as discussed below.
‘Black shales In thie upper part of the Woman Cove section yield

poorly preserved graptolite assemblagea which are Indicative only of




t

the "lower Arenlg'-(S.H. Williams, pers. comm., 198%; 1985).

-

3.2.12 The Eagle 1sland Formation

. Distribution

L3

~ . o :
Lithology "o i . AT

. In the Bay of Islands study area exposurus of ;his formation
are genarally cdnfined to the west efié 3-2) and are mapped.at Eagle
Island, North Arm Poi;t the type section at Middle Arm Point, east
of Northern Head, In large rafts wich}n melange south aof Hdele Arm

Point (Black Brook North, Whites Braok), at Cape Split, Grassy Cove

- and highly deformed exposures néarbybpldng the south shore of North

Arm, and at Balance Point in the Rattler ;ihdow.

In the Port au Port erea exposures of the sandstone are
genérally highly deformed. Sectléns at Blgck Point (Port au Port
Bay) and Rocky Point (West Bay) are regarded as being\_l.:h‘e most

intact.

The Eagle Island formatidn is 203m thick in the type section at

- Middle Arm Point (fig 3-10). This figure is a minimum thickness

aince the depositional top of the fbrmaticn is never seen and the
upper boundary ls everywheré either a disérete fault or melange
zonse,

The lower boundary of the unit with the Middle Arm Point ;sN

- transitional. Grains of quartz and feldspar appear within ;amdy-

dolomite lenses in the uppermost part,ﬁf Ehe Middle Arm Point
Formation {(interval de#crlbe& above) and the basal contact of rhe

Eagle Island formation is }laéed at the first occurrence of




. Figure 3-10

T?Be seccion of the Eagle Island formation at Middle Arm Polnt.
. Lithologic symbols as per fig 3-1la,
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sandstone. A zone characterized by clastic injections 1is common at '

»

the base of the formation (Chapter-4). S

. . -

-Overljing bedded units of the Eagle Island formation display-a

- r

wide variecy of ljchofacies which can be broadly characterized as -

1) thick'mass}ve sandstone (Ilncluding conglomerate}, 2) medium-

- .

bedded sandstone; 3) siltstdne-dominated intervals and 4) shale-,

. . : 4
dominated. Interbeds. These are described in greater detail {u

Chaprer 4. ° ‘ . ) ' .

Paleonéologx

Three graptolite occurrences have been located within the Eagle

r—

Island formatiom: at hocky Point (West Bay) (originally located by *

¥

.R.K. Stevens), Black Brook North and Middle Arm Point. All of these

Iéontain an ISograptus victorlae victoriae Zone -fauna (S.H. Willliams,

1984; 1985), the same’ as the underlying uppermost Middle Arm Poing S

intérval. This is equlvalent, in the Australian Zomal scheme

(Thomas, 1960; VandenBetrg,1981) to the Castlémaniﬂn 2 Zone.

*r




3.3 PALFONTOLOGY AND BIOSTRATICRAPHY .

-

Introduction

Prior to this study only three Fossil localities were known from
the Cooks Brook and Middle Arm Polnt Formations. Based on these
tocalittes and the 'gcneratl'simi-larity of geologic setring, the Cooks

-

IBr-ook’a:'id Middle Arm Point Formations have beep broadly regarded as
spanning the same interval as the Cow Head CGroup, that is lat—e-
Middle Cambrisn to Early Ordovician (Stevens, 1870: Barnes et al.,
1982). A search for fossils was ;.:onducted in this study during the
c_ours-e ;)f 1!11(:1:&1 reconhal.;.ssnce“ mapping and selected sections were
_subsequontly searched {n greater detai_l. This has yielded a xotal of
thirt;r- four new fossil localities which span the Cooks Brook, Middle

-]
-Arm Foint and Eagle Island Formations, facilituting the erection of

the styatigraphic framework presemted in this chapter. The -

interpreted stratigraphic extent of these sections and disposition
of i.'ossil locallties within them Ls shown in figure 3-11.
Biostratigraphy in.this study relies heavily on zonation
tchemes established and.stratigraph?‘c insight gained in the GCow
" Head Group, which has received the alt;tl:.‘ention' of 'many workers since
the ploneering studies of Kindle and Whittipgton in 1958.
Trilobires are relatively abundant in boulders within
conglomerates throughout the Cambrian part of the Cooks Brook
férmation and have proved very useful for sortlng out the

'ltratlgraphy through that interval and into the lover Ordovician.

Craptolites have been recovered tﬁroughouc't the Ordovician part of

923
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the Cooks Brook, Middle Arm Point and Eagle Island Formations and
are .the principal blostratigraphic tool through that interval.
3.3.1 TRILOBITES .

3. 3.1._1 Cambrian trilobites

Trilobites are the primary tool in Cambrian bilostratigraphic
zopation. Triloblite _faunal assemblages are clea::ly envirvanmentally
controlled, resulting in a number of paleogeographic regions
worldwide (Palmer, 1979). North American stages and biostrntig‘rnphir
zones are summarized-in Sticc (1971} and ha‘ve evolved ffom schemes
established by Howell et al. {1944}, Lochman-Balk and Wilson (19H8)
and Palmer (1965). This zonatior Is based largely upen the
distribution of polymeroild trilebites in relatively shallow water,
shelf enlvironrnents. Deeper water environments, on the other hand,
are typified by -an agnostid:dominated fauna and are better

represented by the Acado-Baltic zonation scheme of Westergard (1946,

1947).

Both the Northern Head proup and the Cow Head Group can he
broadly re.gardéd as "slope deposits®. Conglomora‘tcs within the Cooks
Brock Formation are like those of the Cow Head Group In that they
are composed of boulders which have sampled a variety of

A
environments, from shallow water shelf through marginal carbonate
buildups te the deeper water slope. Hence individual conglomerate
beds contalin a mixture of trilobite faunal assemblages (and faunal
provinces). This mixing was recognized in the Cow Head Group by

Whittington and Kindle (1969) and has been addressed by tHe informal

zonation scheme of Kindle (1981; 1982), Kindle's zonation s hased
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upon a vast collection of trileobites {approximately 20,000
specimens), largely from the Cow Head Group, and represents the _best
summary of current understanding ui;:h which to compare the Cambrian
trilobites of the Cooks Brook Formation: This scheme is based upon
the representative assemblages of trilobites presemt in the mixture
of boulders st successive stratigraphie levels and hence .seryes to
meld the zonation schemes of the Acado-Baltle and North American
faunal provinces (fig 3-12). A total of eight informal zones spans
the late Middle and Upper Cambrian in'the Cow Head G-t'oup. All of thc\l
Caﬁbrian trilobite assemblages of the Cooks Brook Formatio? ard
referable to some of these zones; the other Zones do not appear to
he represented or have not been locat;ed to date. ' B
Although beulders within {ndividual Cooks Brook ci)nglomerat.es
.are generally refcz.'able to the game zone, some rl;ixing of ‘
stratigraphic ages is evident where 5 few boulders with older zonal
ass'e‘mblages_appear. The youngest 'fal;nal assemblage 1is the don:inant

one in these cases and 1s regarded as the minimum age of the host’

conglomerate based upon present collections.

Middle Cambrian

Middle Cambrian trilobites are largely confined to the Halfway
Point member of the Cooks Brook Formation which 1is exposed on both
limbs of the Co:ks Brook syncline (south shore .Hurnber Arm) and at
Bound Head (notth shore Humber Atm). Boulders~ from the lower part of
the massive conglomerate near Halfway Point yield trilobites of Zone

2. North American forms here are characteristic of the Bathyuriscus-
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Figure 3-11

Interpreted stratigraphie extent of measured sections and dlasposition
of fossil localities (numbers). Fossil locality numbers correspond to

those used 1w Appendix C,
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Figure 3-12

Gambrian trilobite zonarion (Cow Head area) redrawn from James and
Stevens {19B6). The wecurrence of trilobites from the Northern Head

group is shown in the centre column.
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Elrathina Zone and representatives of the Acado-Baltjc Pigchagnostqg

gibbus Zone are present (A.R. Palmer, pers. comm. to R.K. SCPvens;

1979). Higher in the section, (at approximately 80 m), a unit of
‘bedded nodular mudstone contains abundant Bolaspidella sp. A similar
_Interval, ﬁius individual boulders, at Bound Head contains this and
other representatives of Zone 3 w61ch ﬁre characteristic of the
North American Boléspidella Zone and Acado-Baltic Zoner B3, The
nodular interval which contains thi; fauga may be a large raft
within conglomerate but appears }0 "cap" a ?onglomerace bed within a

thiék conglomeratic interval, and is regarded as in situ bedded

sediment.

Trilobites of Zone 3 also appear within individual boulders at -

Y
the Northern Hesad and Woman Cove Head localities* described belaw,

Upper Cambrian

The Upper Cambri?n Cooks Brook Formatien contains distinctive
end correlatable cornglomeratic intervals which outcrop in sections
at ‘Northern Head, a8l Ceve and Voman Cove and alsc appear at Brakes
Cove and at localicles along the north shore oé Penguin Arm. The

thickest of these intervals is also the most Fossiliferous and Lhe

most widely correlatable and is termed the Brakes Cove member.

Siﬁgle boulders with Zonme 3 faunas have been collected at bhoth

the Northern Head and Woman Cove Head localities. Another single
boulder from Woman Cove Head yle]ds—; Zone 4 fauna, with forms
characteristic of the uppermosf Bolaspidella Zone of the North
American faunal province and Zone C2 of the Acado-Baltic faunal
‘province. All of the other boulders cq}lect@d from the Northern Head

member at the localitie: listed above contain a Zone 5 fauna and are
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dominated by triloblites chafacteristic of the North American Cedaria

L]

and Crepicephalus\Zones, at the base of-the Dresbachian Stage.

Another conglomeratic interval occurs higher in the section at
Seal Cove above an intervening sequence dominated by shale and thin-
bedded carbonate. These conglomerates are thinner bedded and more:
pebble-dominated ;han tgose Of the Brakes Cove member and are -not as
fogsiliferbus. Here a single boulder contains a Zone 7 ‘fauna
assigned to the North American Taenicephalus Zone of the Franconian
Stage and the Acadq-letig Zane 5. This interval is tentatively
correlated with a4 uni¢ of thin-bedded conglomerate at Woman Cove
wvhich has not ylelded any fossils to date. |

-'Host of the Upper Cambrian of the Cooks Brook Formation is
dominated by thick intervals of bedded lime grainstone and mudstone
which have not ylelded fossils to date. Trilobites characteristic of
Kindle's Zone 6 and Zone 8 have not been recoveged from the Cambrian
Interval and Zone 7 is poorly represented. A single boulderh i
containing an uppermost Cambrian Trempealeauan fauna occurs within
the Ordovician conglomerate described below.

-

3.3.1.2 Ordovician trilobites

North Amerfcan Lower and Middle Ordovician blostratigraphy is
based upen a zonation scheme establisﬁed in a western Utah and
Ngyadn reference area (Ross et al., 1982). Twelve trilobjite-
brachlopod faunal rzones, designated A thrbugh L, span the Lower

(Canadian or Ibexian) and Middle {Whiterock)}.0Ordovician. The

loyarmoat of thesa is the Mississquoia Zone (A) uhich reépresents the
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base of the Canadi{an Serles. This 1is overlain by the Symghisurina

‘Zone (B).‘In'terms of correlation wlgh‘graptolite biestratigraphy,
the base of the Tremadoc in the Cow Head Group is demonstratid to
correlate with ;n horizon closa tq_;h; boundary of these two zones
{Fortey et al. 1982/ Fortey, 1984).

*Overlying the Upper Cembrian quartzose gralnstones at Northern

Head is & 2m conglemerate which is tichly fossiliferous and yields a -

*

fauna typical'of Zone A (Htssissguoia) and Zone B (Symphisuripa). A
single boulder with a Cambrian Zone 8 fauna charecteristic of the
North Amerf{can Saukfa Zone (Trempealéauan Stage) has also been
recovered, The underlying grainstones contain a non-diagnoséic 3
dendrold fauna and highervin the sec;ion a black shale interval

yields the Tremadoc La2 graptolite fauna discussed below. The

location of this Ordevician fauna demonstrates the relative

contlnuity of the Northern Head section and confirms a.tentative
structural interpretation for the area, earlier confused because of

Ithe similarity in eppearance of the Cambrian and Ordovician

L)
conglomerates here. This {s the only locality where an Ordovician
trilobite-brachiopod fauna has been identified. Few conglomerates
osccur higher Iin the sectien. These are generally pebble-dominated, —_—

commonly locally-derived and have not yielded any fossils to date.




.

3.3.2 © GRAPTOLITES

The Australian g;aptolite zonation scheme has been used as the
basis of correlation in the Gooks Brook and Middle Arm Point
Formations as it has in the Cow Head Group {James and Stevensi
1986). In more detail,.the graptolite zonation scheme employed here
is a hybrid. The Tremadoc zonation scheme at Cow Head and indeed
worldwide 1s cﬁrrently under revision. Tremadoe fauna of the Cooks
Brook and HlddlerArm Point are best compared wlth the correlation
schema of Cooper (1979) (fig 3;13). A revised Arenlg zonatlon scheme
for the Cow Head Group hap fec;ntl} been proposed by Williams and
Stevens (in press) and is employed here for the Arenig fauna from
the Middle Arm Peint and Eagle Island Formations. '

Cambrian fauna and the Cambro-Ordovician boundary

While several measured sections (at Northern Head, Woman Cove
and Seal Cove: fig 3-6) are interpreted as spanning the Cambro-
Ordovician boundary, structural deformation and/or paucity of fauna
do not permit accurate ldbatign of the boundary within the Northern
Head group. A single locality, consisting of an indeterminate
Callograptus sp. fauna has beern found, at Northern Head, within a
lime grailnstone interval regarded as Upper Cambrian and ‘
‘approximately 60m below the prominent Lower Ordovician conglomerate.

23321 Tremadoc.

Cooper (1%79) divides the Tremadoc into & assemblage zones,

overlain by a 5th zone, dominated by Tetragraptus approximatus,

which forms the base of the Arenig (fig 3-13). Assemblage 1
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Figure 3-13

Sequence of graptolite assemblages, and thelr key taxa, in
the Tremadoc and early Arenipg, redrawn from Conper (1979).




ARENIG

TREMADOC

—(Appearance of Tetragraptus approximatus >

<Appearance of diverse graptolite fauna >

_ T. approximatus
ASSEMBLAGE 5 T. phyliograptoldes -

T. acclinans etc.

Cilonograptus (largek~

Temnograptus, Adelograptus,
ASSEMBLAGE 4

Bryograptus, Klaerograptus,

Tetragraptus, ?Didymograptus

-

™

- Clonograptus
ASSEMBLAGE 3 '
Adelograptus
< Appearance of biradiate Anisograptids >1
. .
Anisograptus
ASSEMBLAGE 2
Triograptus

-< Appearance of triradiate Anisograptids - >

ASSEMBLAGE 1 D. llabellliorme s.l.

Appearance of Dictyonema (labeiliforme s.l. >
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comprises Dictyonema flabelliforme s.l, alone. Assemblage 2 marks

the appearance of an Anisograpcid fauna and f{s dominated by

Anisograptus and Dictyonema. Assemblage 3 éomprises Clonograptus,

Adelograptus and rare Psigraptus. Assemblage &4 comprises a much more

diverse fauna, which commonly includes Clonograptus (many species),

Temnograptus, Kiaerograptus, Adelograptus, Bryograptus, and more

rarely large siculate Dictyonema, Tetragraptus and possibly

“ﬂidxmogragrus:
No single, continuous sectioh exposes a complete Tremadoe¢
, graptolite succession within the Cooks Brook Formation Structurnlly
separated sectionq which expose parts of the Tremadoc have becn_
correlated, however, Iin a stratigraphic framework which appears to
be consigtent with the zonation scheme of Cooper,

s . .

The lowest Tremadoc fauna is located at Eaglé Island South and

L]
comprises Rhabd[nopora enipma, Anisograptus compaCCUq fragments of

Rhabdinopora scitulum and abundant phyllocarids (Erdtmann and

Botsford, 1986). This is very similar to the Australian Lal
assemblage of Cooper and Stewart (1979) and represents Assemblape ?

of Cooper (1979).

A faunule comprising several speciles of Dictyonema s.1. plus

?Anisﬁgraptus matanensis? was reported by Stevens (1965} ifmmediatcly
-to the southeast near Black Head and is also tentatively asstgned to
Cooper’s Assemblage 2. This faunule is si£uﬂted in a area mapped as
"highly deformed Cooks Brook Formation” and was not relocated in
this stuay. Within the same deformed zone, immediacely goutheastfof
Black Head, a faunule ;onsisting solely of §£gg£gg£gg£qg sp. is

- situated Iin an interval of interbedded black and green shale which
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can ouly be assigned to the “upper Cooks Brook Fﬁrmation".

Black shale intervals mapped as higher in the Cooks Brook
Formation yleld a different faunal aslsemblage. AL North Arm Point
roughly 18m of a distinctive sfliceous black shale-dominated
incerval 1a exposed abovae low tide and ylelds an abundant, but not

very diverse graprolice fauna. This comprises large Dictyonema s.1.,

- Adelopgraptus (Bryograptus) victoriae and Kajerograptus antiquus. No

faunal change through the interval was discerned. At the top of the
Horchern Head section a deformed interval of black shale and thin-

bedded 111'!9 mudstone contains Araneograptus murrayl (8.D. Erdtmann,

pers. comm., 1986) and fisolated fragments of 1ndet.erm1nal:e
graptoloid siculae. Both of these fp‘unal agssemblages are r;ornparable
to the Australlan La2 zone (Thomas, 1960; Cooper and Stewart, 1979)
and are assigned to Cooper's Assemblage 4. The stratigraphic
relationahip of these two intervals cannot be determined but from
lithostratigraphic considerations they are both regarded as “upper”
Cooks Brook Formation. The shale interval at North Arm Point passes
upward into a _séquence of thin-bedded lime mudstone which {s {n turn
overlain by the silty dolostone beds of the Woman Cove member. A
similar transicion fis indicated at Northerr; Head but is disrupted
and appears to be abbrevial:ed by faulting.

The most 1ntacf section répresentatlvel of the overlying Tremadoc
interval is North Aril-lPoinlt: (fig 3-8). Craptolite localities within
‘this section are as follows :

1) At approximately 32m nondlagr;osclc dendroids have been recovered

from black shale 1n'te;beds within cthe lipe, mudstone 1ﬁterva1 at the
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top of Cooks Brook Formation.

2) The Woman Cove member {s roughly 13m thick and is capped by a
1.5m locally-derived conglomerate. This is overlain by a 7u interval
dominated by thinly interbedded black and green shale. Here a black
.shale band (at approximately 52m) contalns extremely delicate and
poorly preserved Clonograptus sp.

1} This llitheclogy |IJasses transitionally upward inte a roughly 9.5m
interval of dark parted lime grainstone wit-h thin interbeds of
black, organic-rich shale. This shale contains,a non-diagnestic
"rooted dendrold”" fauna.

4) The uppermost part of the Tremadoc and transition into the Arenlyg
1s contalned within the overlying, distinctive lithology. This is
dominated by silliceous green shale with scattered thin beds of
rippled sllty dolostone, thin beds of dark shale and minor red

shale. This distinctive interval, Informally termed the North Arm

Point member, can be correlated with other sections and Is also

fossiliferous where it appears at Eagle Island South and North, in a
.
shear-bounded sequence east of Northern Head and at Grassy Cove. The

L o

Tremadoc fauna present (in the lower part of the member) is more
diverse than that encountered previously and appears to represent a
distinctive latest Tremadoc assemblage within the Cooks Brook

Formation. At North Arm Point (73m) the assemblage comprises

Adelograptus victorise, 7Tetragraptus/ Temncgraptus sp. ,

Kiserograptus sp., 7Clonograptus sp. and ?Bryograptus sp. (two-

stiped). Similar faunal assemblages have been recovered from

1

Northern Head East and Grassy Cove. Thls assemblage 1s distinctive
3
and differs from the underlying La2 assemblages in the predominance

:
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of extensiform graptolites and the absence of dendroids. This faunal
difference ‘:nay well be facles controlled, considering the contrast
in host lithologles. This assvumblage is regarded as latest Tremadoc

and is assigned to the uppermost part of Cooper's hssemblage 4.

3.3.2.2 Arenig

The first appearance of Tetragraptus approxfmatus Is a widely

correlatable event and is generally regarded as the base of the
_Arenlg (Cooper, 1979). Such is the case In the Cow Head graptolite
zonatlon scheme of Williams and Stevens (in "préss) which 1s used in

-

this study. This scheme i{s based upon the successive appearance and

sbundance of the zonal fossils: T. approximatus, T. akzharensis,

Pendeograptus frucicosus, Didymograprtus bifidus, Ieograptus

victorise lunatus, I.v. vieterias, I.v. maximus and Undulograprus

austrodentatus and is comparable with the Australian zonal schems -
Y

(Thomas,1960; VandenBerg, 1981) (fig 3-14).

The Io;rest dlagnostic Arenlg graptolite aséemblagt.a within the
Middle Arm Point Formation is encountered 'wit-hin the North Arm Poinc
member, at North Arm Point: approximately 13m stra-tlgraphicall).r
abov;a the latest Tremadoc assenblage described above. Shears are )
present between the two local{ties but -lithollogic similarities, and

structural st)-rle here do not suggest omission of section and the

North Arm Point member is regarded as a .continuous interval.

This Arenilg assemblage comprises Didymograptug bifidus (narrow-

stiped), Isograptus ¢f. primulus, Tetragraptus ?higsbyi, ‘'T. sp.

{narrowv-stiped), and one specimen of ?Pendeograptus pendens and is
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Figure 3-14

Arenig graptolite zonation (Cow Head afea), redrawn from Wiltiams
Stevens {in press).
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assigned to the D. biffdus' zone. Similar, but more poorty preserved

assemblages occur at Eagle Island South and North. Althbugh fossil
lecalicies are somewhat scanty in this lower Arenlg interval, it is
notable that no fauna indicative of the T, approximatus nor T.
skzharensis zones havé been recovered from the Hidcila Arm Polnt
Formatlon. The presence of the above described D. bifidus zone fauna
just 13m above the latest Tremadoc fauna suggests that the .‘entira
lover Arenlg interval is contained within the North Arm Point member
and hence appears to be highly condensed or missing. This is }oughly
sy'nc};ron'ous with, but partly predates, a pelriod of condensed
sedimentation within the Cow Head Group where graptolite fauna of
Zones Be2, Bel and Bed are contained within less than 20m of stracta.
The absence of the Rorch Arm Point member at Woman Cove is
tentatively intérpreted as g facles change. Here thin black shale
beds within a banded black and green. shale interval yleld a poorly

preservéd fauna in which Pendeograptus pendens has been tentatively

idencified, suggesting only that this interval is "lower Arenig".

The uppermost Middle Arm Point Form®tlon consists of interbeddedl
‘units of thinly banded blgck and green shale, with scattered thin-
‘bedded carbonate, and units of red and gree‘n shale. Thin blacic_shale
beds within this interval yield faunal assemblages.representative ot

the I.v. lunatus and I.v. victoriae Zones.

In the Black Peint section (Port au Port Bay) a 5e¢m black shale

bed ylelds a rich assemblage comprising I.v. lunatus, Phyllograptus

typus ‘and large Pseudotrigonograptus ensiformis. This assemblage is

' /
asslgned to the I.v. lunatus Zone. Pendecgraptus(Tetragraptus)

fruticosus has been reported from lower tn the section (R.K.
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Stevens, pers. comm., 1985) but was not relocated in this study.
At Middle Arm Point proper a poorly preserved faunule has been
collected from a similar interval at the base of the section {at

5.2m)} and is asslgne_d to the I.v. lunatus or I.v. victoriae Zones.

At Eagls Island North (59m) a similar lithology yields I.v.

victorlae, Xiphograptus bovis, 7Expansopraptus/ Xiphograptus sp.,

and Pseudotrigonograptus sp. This is. assigned to the l.v, victoriae

Zone,

The interval containing the localities described above is
immed{ately overlain by sandstone of the Eagle Island formation,
which alac contains fossll localitles representative of the I.v.
victoriae Zone. Specimens her;a are preserved within fine to medium

.

sandstones as isolated individuals on bedding planes, I.v. victoriae

and ~Tst'ragragtus' Sp. occur near the top of the Middle Arm Poinc

section. At Black Brook North s similar localicy yields I, victoriae

cf. victoriae and Tetragraptus ?serra. The faunal assemblage at
Rocky Point (West Bay, Porct au Port) comprises Isograptus sp.,

Holmogragtu‘s 8p. and Xiphograptus cf. bovis, These are the highesl:,

faunal assemblages known from the study area.
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3.4 SYSTEMATIC STRATIGRAPHY AND BIQSTRATIGRAPHY: DISGUSSION

3.4.1 GAMBRIAN

3.4.1.1 Contrast between the Halfway Pt. and Byakes Cove

menbers

The Haifway Pt. and Northern 'Head members are geographically

separate (fig 3-2), but in thelr respect_:ive areas both are the
iowest conglomeratic fnterval withir; the Cool:s Brook Formation,
everlying che translti‘onal contact with the Irishtown Formation.
Faunal evide;xce indicates that they are of different ages: I‘:he:

[
Halfway Point memger 13 regarded as late Middle Cambrian while the
Northern Head me;nber 1s Dresbachian. Moreover the sedimentary style
and composition of the two members are different {Ghapter 4}. The
Halfue_l).r Point member is dominated by thick, ma;ssive, matrix-rich
ctzgglomera.tes with la;ge folded tafts of bedded mudstone, boulders
of the underlying s’andstope. a distinctive algal boundstone
lithology and abundant ocolitic boulders. The Northern Head member

*

contains thinner-bedded conglomerates of mixed composition with
abundant shaly inter‘beds.

Hence conglomerate-dominated deposition appears to have been
unde.-rway in the Halfway Polnt area ;hile intervals of thin-bedded
‘1i{me 'mudstone an¢ shale were being depostted elsewhere. No direct
1ink between the t:'-ro‘ areas has i:een estabilshed apart from the
similarit)‘r and inferred correlation of the thick. Upper Cambrian lime
g;ainstone interval. More Intensive coli.ectlng in rhe uppermost part

of the Halfway Point member may yfeld a Dresbachlan (or younger)}

fauna, linking deposicion there with that of the Northern Head

-
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menber. The observed abundance of oolitic boulders Iin conglomeratesd
at the top of the Halfway Point member, however, suggests that the

unit Is homogeneous and that the two members are discrete.
, .

3.4.1.2 Timing of conglomerate deposition relative to the

Cov Head Croup

Faunal evidence suggests a general synchroneity between the
major conglomerates of the Cooks Brook Formation and some of those
in the Cow Head Groqp. The Halfway Point member centains Zone 2 and
J faunas uh;ch‘occur within the lowermost parts of”ihe "basal debris
sheets” (James and Stevens, 1986) of the Cow Head Group.

The laterally extensive Northern Head member contains a Zone 5
fauna which appears in Beds 1,2,3 and 4 in the qulHead Croup. These
occur tobard the top of the “"basal debris sheers” and include
megaconglomerates in Bed 3.

A Zone 7 fauna appears In the upper conglomeratic. interval at
Seal Cove, which is correlated with intervals of.quartzose
calcarenite {n other sections through the Cooks Brook Formation. 1n
the Cow Head Group a Zone 7 fauna is found 1n‘conglomerates in the
lower half of Bed 6 within an interval also dominated by quartzose
calcarenites. /

The Lower Ordovician congLomer;te of Northern Head contains a
fauna characteristic of Zones A and B plus a fauna of Upper Cambrlan
affinity. Similar fauna occur withih the predominantly conglomerat}c

. Stearing Island menber (James and.-Stevens, 1986) in a proximal

setting in the Cow Head Group, ard within the Broo int member in
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more distal settings.

]

Thé Cooks Brook and Middle Arm Point Formations lack the
laterally extensive conglomerates {and their contalned fauna) thcb
occur higher in the Ordoviclan in the Cow Head Group.

S

3.4.2 ORDOVICIAN

3.4.2.1 Biostratiéréphic aspects

Coﬁparlson of Northern Head group grsptolife faunas with those

£

of the Cow Head Group indicates several points worthy of dlscﬁssion:
¢

1) Rotwithstanding the tremendous difference in the number of man-
. t .
hours spent collecting in the two areas, shales of the Northern lead

group seem to be les: fossiliferous than those of the Cow Head
Group. Moreover, faunal diversity appears to be lower. Certalnly the
tormer are more deformed, and hence may have a lower “preservation
factor®, but the difference is thought to be original, and related
to the paleogeographic relstionship of the two sequences, .

2) Thg character of the early Tremadoc faunal assemblages is
somewhat different in the two sequences. Sev;ral relatively complete
and fossiliferious sections span the Cambro-Ordovician boundary fn
the Green Point Formation of the Cow Head Group. The section at

_ Broom Polnt Worth 1is a candidate for the {nternatidhal Cambro-

Ordovician boundary stratotype while a richly graptolite-bearing

sectlen ocpurs at Green Point. In general these sections demonstrate

an apparefitly evolutionary succession from rooted dendreids 1in the

Cambrian dpward into an early Tremadoc fauna dominated by scveral ©

~ robust species of Dictyonema plus Staurograptus spp. At Green Polnt

species of Aletograptus appear above this and are succeeded by
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Iriograptua spp. This is, in turn, overlain by an abundant and
ralativ;ly diverse La2 fadha (James and Stevens, 1986).

While no such complete sections have begn located in the Cooks
Brook Formatfon, the Lal assemblage which hag been described {s |

dominated by the diminutive- R. enigma, TR. scitulum and Anisograptus

compactug and is very similar to the Australian type Lal Ffaunal

assemblage. Horeover the La2 Areneograptus murrayi from Northern

Head has not been reported from the Cow Head Group and is regarded
as having affinities with the ?deep-water Baltic assemblagés typleal
of Hunneberg (Erdtmann, pera.comm., 1986).

Tﬁ}s apparent contrast between the fauna of the Coéﬁg Brook
Formation and the Cow Head Group 1s suggestive of associatiop with a
different; but not necessarily deeper water mass (cf. Erdtmann and
Botsfard,.lsaﬁj. The presence of different water masses Iin the two
areas would cléarly depend upon the configuratlion of the Early
Ordovician contintental slope and resulting differences in
circulation. This would im turn govern the presence Qf nutrients and
overall trophic levels and the attendant faunal commu;lties. The
posalble significance of the blofacies differences discussed here
will be further developed in light of paleogeographlc models
presented in Chapter 4,

3.64.2.2 General stratigraphic aspects

1)_ The Norchern Head group 1s divided into_two formatiens: the
Canmbrian and lowest Ordovician Cooks Brook Fofmation and the Lawer

Ordovician Middle Arm Point Folmatior. In the Gow Head Group, on éhe

4
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)

other hanﬂ; ;his stracigraphi{c separation of formasions Is not
recognized. Formations proposed within the Cow Head Group, the
Shallow Bay and Green Point Formations (James and Stevens, 1986)
represent proximal/distal facles equivalents which span the entirs
Cow Head interﬁal. This difference in stratigraphic nomenclature
reflects real differences between the two groups. Firatly, there {s
not the same degree of proximal to distal facies contrast within the
Northern Head group, possibly because the across-strike exposure {5 -
not as great in rhe Bay of Islands, But more important, the chanpe
in depositional conditions which occurs within the Tremadoc In boLh;
aréas ls more marked and sharply focused in the Northern Head group.
Here several parameters indicate a marked increase in the level of
oxygen within the environment of deposition. This change first
appears at the base of the Middle Arm Point Formation, in the
Tremadoc, and is most pronounced at the Tremadoc/Arenig boundary
uitﬁln the North Arm Point member discussed bhelow. The change 1s
accented and represented ih the Nortﬁern Head Group by the Woman
Cove member, which will, in lacer discusgion, be inrerpreted as a
shelf-derived detrital dolomite inrerval. The mﬁmber does not have a
direct stratigraphic counterpart in the Cow Head Group, but instcad

-

1s synchronous with the abrupt appearanc; of red shale and

N

apparently oxidizing conditions in the distal sections-there,

2) The lower part of the Arenig (equivalent to Lal plus most of the

Bendigonfan in the Australian zonal scheme) appears tg\be highly

condensed or missing in the Hiddle Arm Point Formatlon. The

lithology which seems to contain this interval over much of the area
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I8 dominated by light green shale and rippled dolomitic siltstone.
™ This 13 suggestive of a depositional environment which was
relatively oxidizlng. having pregserved virtually no organiec carbon
while demonstrating moderate bloturbation, in a regime of some
hottom cur}ent activity, which {s reflected 15 the bedding style of
the doioﬁitic siltstones. Condensed sedimentation is different in
style and appears to have started somewhat later In the Cow Head
Group. Here the Lal Zone {s widely recognized and an interval
characterised by silicified shale, phosphate granule conglomerates,

chert and sparse carbonate spans Zones Be2, Bel and Bes.

3) The sandstone which overlies the Middle Arm Point Formation
appears to be older than {ts counterpart at Cow Head. Graptolites
recovered from sandstones of the Eagle Island Formation and shales

Immediately below are assigned to the I1.v. victoriae Zone, which is

equivalent to tﬁe Caslemanian 2 Zone: In the Cow Head Group
graptolites from shales sbove Bed 14 (and lmmediately beiow the
Lower ;ead Formation) are assigned to the Darriwilian 1 Zone, while
those from the sandstone itself nay be as young as Darriwilian 2 2;
lowermost Llanvirn {James and Stevens, 1986). Thé Lower Head
Formation does appear siratigraphlcslly lower in-some sections,
parcicula}ly at Loﬁ;.koint,'St. Pauls‘Inlet, where the highest
graptolice fauna rLcove?ed from below the sandstone is Ca?. However,
since no fauna has been recovered from immediacely below the
sandstone, nor froam tﬁe s;ﬁdstone itself, it is unclear Qhether Ehls

L4

stratigraphic position should be attributed to erosional downcutting
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or the earlier arrival of the sandstone here.

Sand;tones of the Eagle'lsland and Lower Head Formations are
2

broadly regarded as easterly-derived. The simplest interpretation of
‘.the biostratigrabhic data would suggest that the relatively older
Eagle Island Formation was deposited to the east of the Lower Heud
Formation and that the underlying Northern Head group was deposited
in a more distal setting.than the Cow Head Group. Déﬁosition of the
sandstones may be more complex than this however, and transgressfon
of the sandstones along a tectonicallyiproduced axis parallel to the
continental slope may have resulted in the sort of age diffarentisal
_observed. .
The above discussion provides separate pleces of evideﬁce
;;garding the depositional setting of the Northern Head Group, its

relationship with the Cow Head Gfoup ahd the nature of Cambrian and

Ordovician oceanle conditions which will be brought forward in

models presented in the final chapter.




CHAPTER 4

SEDTMEMTOLOGY
/, Introduction
/ : Prineipal lithologic components of the Northern Head group:

shale, chert, -cal-carenlte, lime mudstone, dolomite and conglomerate
are described separately In this chapter. Discussicn of pertinent
details from the Eagle Island Sandstone 1s included as a separate

section. -Interpretation of sedimentelegy is outlined within each

gection, and all are Incorporated in a final discussion of the
overall depositional setting. Stratigraphic nomenclature introduced

in Chapter 3 is used throughout. Extensive reference is made to

geographlc localities (commonly measured sections) which are shown

in figure 3-2.

Terminology )

. Sedimentolqgic terms employed in this chapter arg generally
simple and consistent with gl.aneral usage (e.g. Blatt, Middleton and
Hux;rajv, 1980); the descrivptive grain-size scale is afrer

Wentworth (1922).-

The term mudstone ot mud is generally employed here to refer to

terrigsnous, clé)‘-dominated material, while lime mudstone or lime

mud refers to carbonate-dominated gaterial in the clay to silt

fraction.
»

The ‘descriptive terms "p.'artéd" and “\ribbbn" are adopted from

-

“ ) Ay
recently-published studies of the Cow Head Group. {James and Stevens,

1982; 1986; Coniglio, 1985), and refef to the bedding style of thin

’, 1
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" to medium interbedded carbonate and shale. "Ribbon limestone"
consists of units of carbonate and shale of roughly equal thickneas,
while "parted limestonme” is domlnated by carbonate beds and displays

much thinner argillaceoas interbeds.

Colbur designations used within the Shale sectlon refer to the

G.S.A. Rock Colour Chart (1980).
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4.1 SHALE

Introduction

"Shale is regarded in this study as a class of fine-grained .

L
arglllaceous sedimentary rock, dominated by particles in the clay
, .
fraction but locally containing silt, as scattered grains or thin .

laminae. -

This section is confined to shale sedimentology: shale

diagenesis is treated in Chapter 6, and other aspects of shale

geochemistry and mineralogy are discussed in Chapter 7.

Shale occurs in most Northern Head group sequences, as . |
1ntérbeds in conglomeratic, ribbon and parted limestone, and
dolos‘tones units. It also occurs as shale-dominated intervals with
1solated beds of these lithologies. The overall nature of shale
changes in two ways thr::ugh the Northern Head group: 1) it becomes
more gbundant in the Ordovicisn as shale-dominated Intervals
increase and 2) dark (black or grey), generally well-laminated
lichologies predominate below the Cooks Brook/Middle Arm Point
) bounélary -and gre‘en and .10ca11y red shale with more cémmon massive
Intervals, predominates ai)ove. The broad colour change reflect: u ‘
- decrease in organic carbon content,

Shele also occurs as a matrix in cenglomerates. Wherever shale
s

fs present Iﬁ appreciable qunnﬂties in conglomezate marrix, (e.g.

Halfway Point member, Middle Arm Point conglomerate) it is 'clearl)t

derived,‘from immedlately underlying sediments., _ - .
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4.1.1 General description of shale sccurrence

4.1.1.1 Irishtown shales

The majority of the Irish\tp\m Formation is mociium to thick.
bedded qua‘rczose sandstone {Chapter 3) and shale generally OCCUTE ith
10 to 40cm thick interbeds; shﬂ]_.e-don:inated intervals up td 3Im
occur locally. This shale 1s grey (N4)to black (N2), laminated on a
milli-meter to centimeter acale{, and commonly contains thin beds of
quartzose siltstone. Shale is most abundant in the uppermosr
Irishtown (Chapter 3) and contains thin beds or lenses of
characteristic, orange-weathering quartzose and dolom{tic siltstane
and very fine sandstone., This shale is also black to grey, laminated
on a millimeter scale and generally highly fissile. It is commonly
‘ crenulatgd_ In response to reglonal tectonism (e.g. immcdlately west

-

of Halfway Point; refer vo Chapter 2}.

4.1.1.2 shales of the Cooks Brook Formation

Cooks Brook shale occurs In two prin\cipal groups based on
colour: black (N2) to grey (N5}, and green (l10GY 5/2). Green shale
.Includes a dolomitic, yellow-weathering varlety (SY_EI»/fc). Wliere
shale 1s present interbedded In other lithologles 1t is most
commonly well-laminated and black tg grey, but vhere Interbeds ate
thicker (ln; or more), comm_only hénglomeratic intervals sluch as
the Halfi;ray Polnt member, It is banded black and green. Shale-
dominated -intervals in _t.he Cooks Brook are efther interbedded black

and green shale (see below) or black and laminated. Both lithologles

contain a variable component (roughly 13%) of thin-bedded carbonate,

[
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Thick intervals of green shale alone .are not present within the

Cooks Brook Formation.

*

Laminated black shale is particularly conspicuous in the lower
: ;

Tremadoc (Chapter 3), and 1ls well exposed at the base of the North
Arm Polnt section, Here’/ thin beds (roughly 5cm} of lime m_udstone
punctuate the section at 30 to 50cm intervals and lensoid layers of
limve mudstone (<l crn)_sre scattered throughout (Plate 4-la). Thin to
very thin laminations are defined by organfc_ remalns and micrite.
Thin, papery partings, composed solely of flattened organics
(probably phyll!.ocarids and graptolites) recur at roughly Scm
intervals. The shale is ihtensively silicified (see Chert, th;s
chapter) an(i difficult to split along individual laminae, but almost
every iamination examined contains abundant, intagt graptolites.

The extreme regularity and parallelise of laminations, the lack
of any current-related sediment;ry struc.l:ures and the preservation
of delicate organic remains suggest that this shale interval was
deposited by‘pelagic .(orga:ﬁ;: remalns) and be:ﬁi—pelagic (lime mud
and detrital clay fraction) processes in a quiet-water setting.

Diagenetlc redistributionof carbonate .has probably enhanced the

thinly- laminated character.

4.1.1.3 Shales of the Hiddle Arm Point Formation

The internal stratigraphy of the Middle Arm Polnt Formation is
described in detall {n Chapter 3. Briefly, the formation consists of
1) & basal parced silty doloatone ('Uoman Cove member), overlain 1in
some sections by conglomerate, 2) banded black and green shale, 3)

an interval of dark.-pafted lime grainstone, 4) a unit of siliceous




green shale with minor dark shale interbeds and séattefed’ silcy
c.lolostone layers (hiorth Arm Point member) and 5} an uppermost shale-
dominated lnterval,

. Shale interbeds in the Woman Cove member are bright green (10GY
&6/4) at;d generally massive, with faint mottling suggestive of
extensive bloturbatien, similar to associated'silty dolostones
(refer to Dolomite section, this chapter). At Woman Cove .thf;se shale
interbeds thicken progressively upward into an ovlerlying interval of
green shale. At No.rth Arme Point the conglomerate which overlies the
Woman Cove member has a green shale matrix and green shale ripups
which were clearly derived from the underlylng litholog)‘v.

The intense black c¢olour (N1 to N2) of the sl';ale interbeds in
the parted lime gralunstone interval (Chapter 13).is related to
abundant organic carbon, evident in part as poorly-pr,es.erved
graptolite and phyllecarid remains. Thls contrasts -._t:.harply with sthe
overalll paucity of'organlc. carbon typi-cal of most Middle Arm Potmt
shales. The shale displays a "sooty" appearance on fresh surfaces
and i{s very thinly laminated with a "papery” parting.

Shale in the North Arm Point member 15 predomlnantly siliceous
and green (10GY 5/2) with thin beds of graptollte-bearing grey shale
(5Y 3/2) scattered throughout. Intervals of discontinuous wavy
stratification, defined by thin laminae and lenses of silty dolomite

\\ . -
are hhgndant. These grade into ripple-laminated beds of silty .

dolomite,-‘hp¢9 20cm thick. The perlodic influence of -currents and

bioturbation 1s evident throughout.

Shale-dominated intervals of the upbermost Middle Arm Point




Formation are described below.

4.1.2 Shale-dominated lit'hologic agsociations: description and

postulated deposit fonal Bechanisms

Apart from the laminated black shale int?-rvals of the Cooks
Br.o-ok Formacion dlscu#sed 'above: two princlpal, shale-dominated
litheloglic associations are present with‘ln the Northern Head group:
1) thinly interbedded black and green shale and 2) bedded ro massive
red &nd green shale. ' These commonly conrain other iithologies
described 1n;his chapter (e.g. thin-b’edded carbonate or silcey

- dolostone) but it is the contrasti nature of shales within these

assoclations which is considered Important here.

4.1.2.1 Interbedded black and green shale, locally with

accessory carbonate

Introduction

Based upon evidence presented in this. section, the interbedded
black and green shale assoclation is interpreted .}to be the result of
1) tu'rhidite deposition of organic-rich (black) mud, and 2) hemi-
pelagic géposition of green mud. This mechanism 15 most clearly
;lemonstrated where the assocliation contains an accessor} (detrital)
carbonate component, l-;vidq-zce'f?r the same fpositional mechanism 1s
more gubtly displayed where carbonate 1is absent,

Larger-scale cycles within this association are also thought to
be related te periedic muddy turbidite sédime'ntation, and subsequent

reworking.
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General aspects

This assoclation {s characterized by rhythmic alternation of
black and green shale.. This iffcludes a variety of bedding styles,-
from a thin (.5 to 2cm), very regular Anterbedding of black and
green shale to a broadér (10‘to 30 cm), more diffuse alternation of
internally well-laminated black and 5re‘en shale (Plate 4-1b}. Greren
shale is comrnoniy yellow-weathering (5Y 6/4) because of ‘
disseninated, fine-crystalline dolomite: The third component {s
bedded carbonate, commonly sill:y-', which occurs in iaminations or
thin beds, as part of the black and green rhythi, generally within
the thicker,"norel irregularly-bedded variety. Black/green/carbonate
unlts occur at the base of the Cooks Brook Formatien at Northern
Head, and as Iinterbeds up to several meters thq.ck within overlying
incervals such as the Brakes Cove mwember. Thinly interbedded !
carbonate -free black and green shale is most prominent within the
Middle Arm Point Formation, where intervals up to 5m thick are
interbeéded with the red/green shales descrlbed below (é.g. Eagle

Island North, Woman Cove).

Internal structures

Carbonate-rich blac k/green shale

Coarse carhonate layers (composed of sand to granule grains) are

i »

not abundant in this litholegy, but where present, occur as lenses
with a .scoureci, irregular base (Plate 4-1c). Normal grading {is
ubiquito;s. Internal structures are generally better displayed by
silty units, and arel either parallel laminations alone, parallel
laminations passing upward into cross laminations, or cross

laminacions alone. Silty unics are also normal-graded,
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PLATE 4-1: BLACK AND BLACK/GREEN SHALES

Fl -
'

a: Laminated, richly graptolite-bearing, Tremadoc (La2) black shale,
with thin beds and lenses of micritic carbonate

. b: Broadly interbedded black and green shale with scattered thin beds
of carbonate; Cooks Brook Formation

" ¢! Scoured, lensold base of lime grainstone within black shale unit
comprising black/green shale i{nterval; basal Cooks Brook Fomation,
Northern Head section

d: Interbedded black (B) and green (G) shale; black horizens are siley
In part and displsy normal grading. Note truncation of burrow(s) st
base of black horizon, and amalgamatlion of black horizons in upper part

of slab. )

b —







The relatlonship between carbonate layers and black and green

~

layering is i{mportant. Carbonate horizons are tommonly associated
with black shgle. Silty carbonates qo;monly occur at the base of
black shale layers, truncating structures such as burrows 1n.the
underlying green ;hale layer (Pla;g 4-1d}) andbgﬁgding upward into
pure black shale. This, in turn, fs in gradationaircoptact u&th the
_overlying greeﬁ 1ayer.fAmalgamated black layers, consisting of t;o
or more graded units also occur (Plate 4-1d), and this style of
amalgamation probably accounts for the presence of isolated
carbonate lensea and layers ulthin thicker black shale intervals
(Plate 4-le}. There {s little doubt that the diagenetic addition of
carbonate, probably'by,markinsl anggradation (5%. Coniglio, 1985)Iha5
enhanced the association of carbonate with black shale in the
lithologic association described here (refer to Chapter é). However,
the abundant sedimentéry structures within all of the grainy '

carbonates i{ndicate that there "is a depositional association of

carbonéte and black shale.

Carbonata-free black/green shale
In black/green shale intervals without silgy carbonate layers

sedimentary structures are present, but more difficulc to detect.

Black shales have a sharp base and subtle angular truncation of

layering in the underlying éreen shales can be demonstrated locally

7

(Plate 4-2a). Normal grading is generally difffcult to detect in the

field, but can be seen when the black shales contain silt. Black
horizons may display a sharp contact with the hverlying gEreen
hoflzon, but the contact i{s commonly gradational, and marked by

increasing bioturbation, Green horizons generally display a higher
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* PLATE 4-2: BLACK/GREEN SHALES .

a: Angular truncation of layering within green shale horizon at the
base 9f black shale unit; note irregular nature of contact (arrow);
lowermost Cooks Broock Formation

. LY

b:, Thinly, regularly interbedded black and green shale displnying
scattered burrows within both black and green horizons; Middle Arm
Point Formation’ :

.

c: Photomicrograph of base of black horizon (B), and uppermost portion
of green horizon (G), within interbedded black/green shale interval
(lithelogy of G4-2b above); note concentration of silt grains (s)and
black organic "flakes" (f) within black horizen; fleld of view 1s .6mm
lo length, ’

d: Upward thioning and fading black layers, transitional upward into
green horizon within Cycle "B": lowermost Cooks Brook Formation,
Northern Head section. -

A
i







.“;

TR
X ; ;Edfx“
level of Ploturbation than black ones, buf tﬁ;fe 1;Ia spectrum aof
hioturbation levels which ranges from {) Piotﬁrbation confined to
green hqrizons to 2} burrows sharply crosscuttlng black horizons ;6
3) biorturbation present In both horizons (Plat; 4-2b) to 4)
extensively bioturbated but broad layering preserved to 5) massive
(green) shale. An upward progression through this spectrum is seen
locally where a black and green shale Iinterval is overlain by
extensively bioturbated red shales (described below) and {s believed
fo reflect increasing levels of dissolved oxygen in the depositional

environment (refer to Chapter 3)

Petrographic and geochemical evidence

In Ehin section, the ‘colour of black shale/is\attributnhle'té a

Ly

concentration of cpaque to semi-opaque, irregular flakes (up to 100

micrometers x 10 micrometers) flattened parallel to bedding. The
\ -

ubiquitous upward decrease in concentration of these flakes throuph
~ . .

black horizens 1s sometimes profound enough to be apparent as a
coiour transltion (from black N1 to grey N&4) 1q the field or hand
specimen but i; generally too subtle, Although microanalysis has not
. been performeé, these flakes are regarded as amorphous organic

carbon. Indirect evidence is provided by organic carbon analysis of

selected assoclated pairs of black and green layers (Table 4-1),

. \ . .
vhich indicates variable, but appreciable, concentrations of erganic

carbon within black horizons and very low organic carbon content
) .

{(close to the limits of detection; Appendix E) In green horizons.

Horeover, graptolites and phyllocarids are found in black layers

(Chapter 3) but never within green layers.

A compositional and grain size contrast is commonly apparent In
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L ‘ Table 4-1: Organic_carbo-n content of selected
. ST ) black/green shale couplets. '
Sample Number Total organic carbon @
. (wt., )
JB 39 (Eagle Is. N.) . .05 green
JB 38 . ¢ . .14 black
. - »

JB 4B ‘(Lobster Uove Hd.) .06 green

JB 47 .45 black

JB 70 .. (Cooks Bk.) .10 green ”

JB 71 ) i .34 black

. JB 09  (Northern Hd.) s ~ - .05 green p

JB 16 ) _ 1.12 black | -

JB 31  (Mlddle Arm Pt. .04 gre"en -
JB 30 . .35 black

JB 15  (Black Bk. N.) .07. green

JB 14 . - 1.31- black

JB 35 (Eagle Is, §.) .07 green

JB 34 ' .98 black




thin secti_on’, at the basal contact of black intervals. Underlying

green shale 1s massive and dominated by chleritic clay flakes, while

. . Ty
angular med{up 9ilt grains of carbonate, and locally siliciclastics,:

accompany _che ﬁﬁpearance of organic carbon flakes at the base of the
black l.ayers {Plate 4-2c). Carbonate gralns may have been enlarged |
by diager;etic processes mentioned above, but their angular shape and
the deformation of neighbouring orglanic flakes during compnc;lon
suggests- that.they are detrital. Where radlolarla are present they
are elther a) concéntrate‘d in the basal portion of black horYzons or

b} sparse :in the black but promineritly dispersed throughout the

+
LI

green horizons
- Where carbonate layers (with grains coarse enough for

identification) occur within this litheloglec association they
reflect the composicion t;f adjaceﬁt calcarenites. Co-rnmcm component s
Include variably micritized, peloidal E;lgai grains, abraded and |
overgrown dolomite ;hombs and pelmatazoan and other bleclastic
;lebris. Siliciclastic grains increase Iin proportion commensurate '
with their prominence in certain parts of the section, e.g. at the

base of the Cooks Brook Formation at Northern Head,

Postulated depositional mechanisms

Carbonate-rich black/green shales commonly display many of the
characteristics of fine-gralned. gilty to muddy turbidites (Stow and
Shanmugan, 19.80; l(e_lts and Arthur, 198l; Stow and Piper, 1984:
Pickering et al., 1986).These include 1) basal scouring, 2Z) normal
grading, 3) transitional relationships of parallel and cress

laminations In ther’lbver part and 4) transition into an overlying
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. bloturbated interval. A more detlailed comparison of simflar-
lithologies from the Cow Head Group with }nqdels presented by these
authors has been undertaken b.y Coniglio (198;) and will not be
repeated here., Constituent carbonate grains have _bee;n derived, at
least in part from shallow-water environments upslope (refer to
Calcarenite section, this chaptef) and are associated with organic
carbon-rich shale, and both are regarded as redeposited:

Within carbonate-free black/green shale, black horizons commonly
demonstrate 1) the basal truncatlor-'l of underlylng structures, 2)
coarser modal grain size and 3) normal grading. These are considered
to be essentially a finer-grained parallel to the sequence of

structures described above, and these layers are regarded as muddy -

turbidices,

Intervening green horizons, on the basls of 1) elevated levels
. of bloturbation, 2) massive character, 1) localized presence of
dispersed radiolaria and 4) transitional contact with underlying
black horizons are regarded as hemi-pelagites. The transitional
disappearance of organic carbon at the ’top ef cthe black horizons is
interpreted td be the/result of relatively slow oxidation under
ambient bottom-water ;:ondltlons. U;lder such conditions the rel;ative
sharpness of this contact probably reflect; sliﬁht temporal
differences in sedimentation rate, or in the dissolved oxygen level
6f bottom water.

Very similar intervals of thinly interbedded black and green

(Cretaceous) mudstones have been penetrated by DSDP drilling in cthe

* Atlantic {Dean et al., 1977; Meyers et al., 198&)..T‘hese authors

137




propose a similar model to that outlined in this study for the
origin of these units, that 1s, periodic resedimentation of organic
carbon-rich mud and subsequent burial by green hemi-pelagic mud

layers wunder deep water conditions.

4

‘Larger-scale cycles

Where the Iblack"and green shale plus carbonate var~iety of this
1ithologié association 1s thifkest and best-exposed, at the base of
the Cook-s Brook Formation at Northern Head, larger scale cyclie
alternation of black a:nd gre;zn 1s observed.

The alternation of thin beds of black shale {(plus carbonate) and
green shale, described above, .15 the sn:iallest scale cycle preseht
(Cycle "A", fig 4-1). Two orde‘rs of larger-scale cycles, also occur.

The next order of cyclicity 1is represented by Intervals roughly
50cm In thickness (Cycle "B", fig 4-1}, These comprise a hasal unit
(15 to 20cm) of black shale (plus carbonate), with minor green
shale horizons, which passes transitionally upward into an interval
{25 to 35cm} of doiomitic. yellow-weathering green shall'c. The hase
of the black interval is generally sharp, with local, subtle,,
angular discordance upon the underlying green interval. Trapsition

into the overlying green interval is by the thinning and fading"

black colouration of individual black horizons (Plate &4-2d). Green

intervals are characterised by numerous {rregular cross-lamination
cosets defined by very fine silty dolomite, ui.th scattered faint
black horizons (Plate 4-3a). The diminished black colouraticn
"reflects the reduced organic carbon content. LOrganic carbon content

within the basal black shale ranges up ro 1,18 while it is at the
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Figure 4-}

Schematic illustration ~of bedding cyclicity which occurs within
interbedded black (plus carbonate) and green shale, prominently at the
base of the Northern Head section. The lavrgest scale cycle *C" is on
the order of 5m thick, and comprises several smaller scale cycles "B"
(each roughly 50cm tlick). These diminish in overall organic carbon
content through each Cycle C (refer to text). Cycle B comprises thinly-
interbedded black and green shale, disposed in couplets (Cycle A)
roughly 10em In thickness. The relative proportion of black and green
in each of these changes progressively through each Cycle B. Refer alsa
to Plates-4-2d and 4-3a.
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limlt of detection wichin the green shale.
The third order of cyclicity (Cycle "C", Eig 4-1) oceurs inm
ilntervals of 3 to 5m thickness vhich. comprise several sets of Cycle

"

B. Wichin the lowar 1 to Zm the black shale component within
individual set;s of Cycle'B is beth relativel_y thick anc; dgr'k (fich
in organic carbon). The relative proportion of cross-laminated green
shale increases upward through each successive Cycle B (with a
commensurate decrease in black shale), so that green shale dominates
the upper half of each Cyele C {Plata 4-3b). In the uppermost part
scattered, flatteneq burrows occur on some bedding planes, In a part
of the stratigraphic section where bioturbation 1is generally very

poc:rly- developed (refer to Chapter 5).

Interpretation

Cycles~B and C are interpreted to represent.the same fundamental

depogitional mechanism as Cycle A. The basal part of each cycle

represents Fha (punctuated) redeposited input of organic-rich mud,

plus ahallov-water carbonate greins, into the depositional
environment, waning upward and fellowed by the depesition of hemi-
pelaglc, dolomitic- green mud, in this case accompanied by current
activity and locallized bioturbation. No evidence of turbidite-
related internal or’ganization 1s noted within the green shale
intervals and the abundant cross-laminations noted aré best assigned
to the action of bottom current-s (¢f. Stow and Lovell, 1979; Stow
and Piper, 1984).

Similar ¢ycles have been described from the Ordovician of Quebec
and New York by Landing et al. (in press) who term them "Logan

cycles™. These authors ascribe cycle development to broad temporal
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oceanographic changes, related to sea level change, and suggest that
the cycles are stratig;aphically correlateble within thelr study
area. Within the Northern Head group, such cycles are only developed
_in the interval described above, which 1is fegarded as upper Middle
Cambrian (Chapter 3). These cycles may be related to the periodic
preservation of organic carbon (cf. Landing et al.) or the
-punctuatedrredeyosition of organic carbon into the depositional

environment. These alterhatl;es are discussed, in lfght of overall

depositional models, 1n the final chapter.

4.1.2.2 Bedded to massive red and green shale

This lithologle association 1is conf{ned to the upper part of the
Middle Arm Point.Formation- It 1s volumectrically dominated by shale,
but also contains lenses and beds of silty dolostone, packets of
thinly-Interbedded dolostene and lime mudstonme, a&d beds of chert..

Black shale never occurs within this 11thoiogic assoclation.
Intervals of massive red (10R 4/6) or green (10GY 5/2) shale, up to
several m thick are abundant. Theae commonly display faint
‘structures suggestive of thorosugh bioturbation, which are clearest
vhere some burrows have been preferentially sillcified. Levels of
bloturbation are similar in red and green shales,‘but contrast - |
markedly with the low levels generally observed in the black and
green shales described above.

"

" Massive shale commonly alternates with bedded or layered shale’

Intervals which are of two principal types: 1) thin-bedded shale:

(generally <lem) in hues of darker red (5R 2/6) to maroon (5RP 2/2)
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PLATE 4-3: SHALE LITHOLOGIES: BLACK/GREEN, RED AND CREEM

~ .
a: Dolomicic green shale interval within upper part of Cycle "B"; note
numerocus cosets displaying eross-lamination; 22mm coin for scale;
lowermest Cooks Brook Formation, Northern Head sectlon.

L: Single (approx. 5m) Cycle "C" displaying predominance of black shale

at base -(lower left) and dolomitic green shale at top (upper right);

(ammer {(arrow) for scale; lowermost Cooks Brook Formation, Northern
//ﬂead section,

¢: Varlegated red shale displaying mardbq‘lamiﬁae which are commonly
Mn-rich; uppermost Middle Arm Point Formation, Eagle Island.

)

d: Broad colour variations within dominantly green shale; variatfions
related to organic carbon content and modified by bioturbation; Middle
Arm Point Formation, North Arm Point







plus accessory thin beds of carbonate {Plate &-3c);

2) red and green shale characterized by a broader (4 to 5cm)
layering defined byAsubtle colour variations. In green shale this
b¥oad layering consists of éark green (lch 3/2) vs. light green
(10GY 5/2) plus occaslonal olive-weathering layers (5Y 4/4}) (Plate
a-;d). This may continue across a bedding ﬁlane transicién into red'
shale, where the layering appears as an alternatipn of bright red
(5R 5/4) and dull red (10R 3/4). This suggests that the layering is’
an original feature which has persisted through a subsequent
(diagenetic) overall colour change. These units may have originated
as glack/green shale intervals, where bedding has been partiall;\\\\
obscured by bioturbacibn. -The cyclic appearance of burrowed
horizons here oﬁerprlnts, partially &isrupts and homogenlzes an
original layering caused by the ebisodic input and/or preservation
of.organic carbon. Episodic burrowed Intervals are characteristic of
this litheloeglic as;ociation. and are most readily apparent in
massive light green shale, where they occur at 3 to 7em intervals
{Plate &4-4a), These borrowed horlzons range up to l.5cm in thickness
and are highlighted by an assoclated, dark-weathering Mn-carbonate
mineralization uhich occurs as a crust and burrow filling (refer to
Chapter 6).

Assoclated diagenetic features

A diagnostic feature of this flthologic association is the
occurrence of 1solated, commonly maroon-weathering (SRP 2/2),
bedding-parallel hor{zons of carbonate ranging from 1 to 3cm in
thickness (Plate 4-3c). These layers have been diagenetically

precipitated ags a pervasive cement and partial replacement of the
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host shale by manéanese and iron-rich carbonate. They are
11lustrated and discussed In greater detgll in Chapter 6,

A related feature 1s disseminated manganeseé-rich carbonate
cerystals (up to .8mm) within massive shale {(both red and green).
Manganese is locally so abundant in this lithology that a silvery,
metallic patinafﬁf pyrolusite 1s developed on exposed surfaces of
shald. Lime mudstone beds occurring within red shale also locally-

display elevated concentrations of manganese.

Another diagenetic feature characteristic of this lithofacies Ix

-

authigenic barite, which occurs as scattered crystals, 2 to Imm in

length, within massive green-ﬁhale (refer to Chapter 6).

4.1.3 Red vs. green colouration in shale

:

Red and green shale may be thinly interbedded or locally
laterally equivalent'uithin the iithologic association deseribed
above. This colour contrast is considered to reflect, in part,

_deposltfonal of early diagenetic conditléns, and geochemical and
diagenetic evidence 1s brought forward for discussion in this

sect.lon,

Fleld Evidence and related interpretation

The.red/green colour contrast is most commonly bedding parallel.
The transitien commoniy separates thick (several meters or more)
shale intervals dominated by contrasting colours, but layers of one
colpur as cthin as 5 to 10cm may exist within the other. Also, faint

relict red colouration is obserged, at several localitiea, within

intervals of green shale. As described in the Chert section (this
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" PLATE 4-4: RED AND GREEN SHALES

a: Burrowed horizons (arrousf-uithin green shale; Middle Arm Point
Formation, Wqman Cove; 20mm coin for scale. '

h: Chert beds within red/green shale interval; individual bed in center
of photograph displays red base, green top; Middle Arm Point Formation,

Black Polnt, Port au Port Bay.

c: Localized bleaching of red shale t¢ green along a late fracture set;
Middle Arm Polnt Formation, Black Point, Port au Port Bay.

+
'

d: SEM/EDAX photomicrograph (backstatter mode) showing the presence of
disseminated aggregates of Fe oxlde (bright specks) within red shale
(R) host, and their absence within green shale burrow (G): dark areas
were plucked from thin section during polishing







chapter) individual beds of chert (silicifipgd shalé) cowmmenly
pres-erve red/green colour changes within them, either as burrows
(generally red burrows within a green host) or as bedding parall-el
transfticns. Both red chert beds i;i.th green tops (Pla;ate 4-4b)Y and
green chert beds with red tops occur. Evidence presented in the
- . Y
Chert éection: and {n Chapter 6, suggests that silicification was an
early dlagenetic process which occurred during shallow burfal. Since
silica is present in this lithology as a pervasive .cement, it 1is
likely that once emplaced, it 1inhibited further diageneric f‘]’.uld

movement and modification of the sediment. Hence silicificacion .has

probably preserved an original, vedy early diagénetic gradient,
: ¥ ) :

close to the sea floor, which was responsible for the r?d to green,
or green te red, colour cha..nge. It 1s also poessible that'
silicification itself was respon-slble for the colour difference, but
since both polarities of colour change art preserved, this is bl
c;ns idered unlikely.

Lateral red/green:- colour differences occur locally within -
individual, several meter thick, shale intervals (e.g. Middle Arm
Point, Eagle Island Morth: Ap.pendix A) . The boundary between colours .
is {rregular, and occ-urls at a high angle to bedding'.' This phenorﬁenﬁn
Is somewhat enlgmatic, but a clue to its origin is suggested by a
7related feature. Within some intervals of red shal:e discrete late-
stage fracture sets are the locus of a colour change to green,

forming a zone roughly lcm wide on elither side of the fracture

(Plate 4-4c), These' are open fractures, which have likely been

.
. -

conduite for the dewnward percolation of groundwater Iin recent time,

and the colour change 1s clearly a removal of red material

v
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associated with this p_rc;cess.. Since field evidence indicates that
the lateral colour changes described above are very late
crosscutting features, they may have resulted from the more
pervasive removal of red material, associated with recent
groundwater movement. in a simllar manner.

Mic roscoplc evidence . -

The colour of "redbeda” s generally asc ed to the presence of
in;‘.ersritial iron hydroxide, chiefly hematite (rdviewed in Chandler,
1980). Samples of red and green chert and shala Trym the Northern
Head group were examined with the polarizing microscop and SEM in
*an attempt to establish the source, timing and location of
pigmentation, ' : ’ .

Partlcul‘ai‘ly where silicified, red shales can be seen to deriﬂve
their colour from thin grain coatings of hematite which are visi.blce

in thin section. The largest and most readily discernible cocated

grains are dolomite which have been subsequently surrounded by

silica. Many of these coated dolemite crystals have been produ;::ed by

the diagenetic overgrowth of an abraded core (refer to Dolomite
section) and so, at least locally, coating by hematite occurred
the latter stages of: the diagenetic sequence. Hematite has also
observed patchily distributed through the siliceous matrix #ith
granular texture and occaslonally as flakes co-occuring with
dolomite, detrital quartz and feldspar, In current-sorted laminac.

These three styles of occurrence, 'of which che first is the most

common, suggest that silicification postdated the formation of

-

hematite in the sediment, whether originally depoalted as such or




produced in situ from ‘an amorphous Fe oxlide precursor . Diagenetic

conditions must have remalned within the stability field of hematite

‘during silielfication even Iif these occurrences are the result of

redistribution processes.
The disposition of red pigmentation in shales could not be
resolved wi;‘:h the polarizing microscepe, so that 1) lithiffed chip
‘samples and 11} ultrasonically disaggregated.samples of several
palrs of assoclated red and green shal.es were examined under the
SEM. Ph&ty to hexagonal crystals (roughly .5 micrometers in
diaméter), occurrir}g within h:;matite plgments, have been illustrated
in SEM photomicrographs by McPherson (1980) and Weltomn (1984). Such
crystals were not, however,: életectad in the samples exsmlned' in this
study. Even under magnification of 17,000%x disaggrepated red and
green shales appear 1Identica1, as mixtures of chlorice and illize
clay flakes with clean surfaces. Hematite crystals could not be
resolved in lithified chips buc their presence may be masked ‘by
cementation. The presence of "free" iron Iln red shale has been
detected, however, in some samples, as “clumps" or agpregates of
amorphous iron oxide, up to 30 microns In diameter, visible using
the SEH/EDAX in backscatter mode. In one sample i{n particular, these
¢lumps ara-at:n.indantly dieseminated throughout a red shale hést and
absent in a contained burrow filled with green shale (Plate 4-44d).

Mineralogical and geochemical evidence

The clay mineralogy of assoclated red and green shale samples
has been examined by XRD (Chapter 7; Appendix E). No discerq,able
differences, in terms of the relative proportions of the principal

¢lay mineral components, 1llite and chlorite, nor the mineralog}i
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Figure 4-2

A comparison of XRD diffractograms of red and green shale (neiphbouring
beds at Eagle Island North) illustrating the similarity in bulk

mineralogy and the characteristic hemactite reflection which is
associated with most red shales.
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TIable 4-2-

Ferrous/ferric iron ratios within selected pairs
of red and green shale

Sample Ko, Fe203 Fe 2+ Fe 3+ Fe2+/Fel+
(red/green) expressed in wt., & )

Middle Arm Point

Middle Arm Polint
JB 1 red
JB 2 green

Eagle Is. N.
JB 36 red
JB 319 green

Black Point
JB 63 red
JB 64 gréen

Summerside Fm,
JB 82 red
JB 81 green




(1.0, Fe content) of the contained chlorite, was detected. This was
qualicacively confirmed by EDX identificatfon and analysis of clay
minerals during the search for hematite. Subtle diffractogram peaks
indicaring the presence of hematite were, howeve'r, detected in most
of the red‘shales examined, Ibul: none are present in corresponding
‘green shales (fig 4-2).

The average total Fe content of red and green shales is
comparable; both contain approximately &% totlal iron. Determination
of ferric‘/ferrous ratios was conducted for three red/green pairs of
Middle Arm Point shale, plus one pair frﬁm the Summerside Formation
{Table 4-2). These data indicate ti'n&t red shale {s enriched in
ferric iran, rel-ative te green, by a factor of 6 to 10x, a
comparable enrichment to that noted by Friend {1966) and McPherson
(19.80)1. Since there is no significant difference in whole rock
mineralogy, these differences In ferrous/ferric ratlos are
actributed to the presence of "free“‘ferric oxide, which has

resulted i{n the red colouration of some Middle Arm Point shales.

’
Red and green colouration in shale; summary and interpretation

The above evidence indicates that the red colour exhibited by

certain shales in the Middle Arm Point Formation 1s due to the

——

presence of hematire, which occurs as an extremely fine crystalline
grain coating and locally as agglomerated masses and flakes uithin
the matrix of shale and s‘;.licified shale. At least locally, the
precipitation of this hematite occurred durihg the latter stages o.f
the diagenetic sequence, The presence of relict red colouration

within green shale intervals suggests the localized dlagenetic
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transformation of this hematite to smorphous ferrous compounds., A

" limited amount of-this ;ransformation is shown to be recent. Red and
green shale intervals are intimately assoclated within the same
lichofacies, and it i3 unlikely that the two lithologies are derived
from different sources.

The origln of such hematite is commonly thought to be either '
"derrital”, i{.e. introduced as pre-existing grain coatings, or
"diagenetic", L.e. precipitaced in situ. In the second casae, the
precipitation of hematite commonly prqceeds through the dehydration
of a precursor amorphous iron oxide {Van Houten, 1968), similar to
limonite éBerner, 1969), and 1is aﬁ'indipatlon of oxldizing
condicions. This is the Iimportance of distinguishing the two
origins. Hodels‘whlqh invoke a "dectrital" origin for (shaly) marine
redbeds (Zlegler and McKerrow, 1975; Lajole and Chégnon, 1973)
suggest that hematite grain coatlng was originally produced under
shallow #arine to terrestrlal conditlons, subsequently resedimented

] .
into a deep marine setting and quickly buried, to avoid the removal

oflhemaﬁite under presumably reducinglconditioﬁs in the deep marine

3
enviromment. In this case no Inferences can be drawn about the Eh
]

level 4f the deposlitional environment. It is difficult to conclude
how the iron which presegtly appears as hematlté in the chales of
the H;ddle Arm Point was Introduced, as 1s generally the case in
examination of redbeds (Van Houten, 1968; 1973). It s quite
possigle that §iron was oxidized in the source environment before

transportation to the deep-water site of deposition. It 1s clear,

however, from the abundance of burrowed horizons and the overall




sedimentologic style of the lithologic assoclation containing red
shale, that deposition and burial was not rapid and that the early

diagenetic system was relatively open. The important point is that
hematite participated in the early diapgenetic sequence of these
shales, was iocally redistributed and remalned stable, and in
immediately adjacent parts of the sequence was removed. This
1nd1c;tes that deposicional and early dlagenetic conditions
fluctuated about the stability boundary of hematite. The fact that
silicification, as an early, near sea-floor process has p;eserved
red/green colour changes suggests the ptesence of somewhat reducing
pore waters {cor possibly bottem waters ?) which were responsible for
the removal of hematite. The relatively elevated Eh level of the
dépnsitional envi?onment, as Indicated by the présence of ‘hematite,
is commensurate wi{th the'increased levels of bioturbation and
paucity of organic carbon evident in this part of the stratigraphic
L

section and this relationship will be further exploted in suBsgquent

chapters,

4.1.4 Relationship of lithologic associations within the

Middle Arm Polnt Formation

As mentioned above, 1) black/green and 2) red/green.shale-

dominated intervals are interbedded on a 1 to 5m scale within the
uppermost interval of the Middle Arm Poilnt Formation. The thinly
interbedded black and green shale intervals are interpreted to
represent the redepesicion of organic carbon-rich muddy turgidites

(black shale) plus hem{-pelagic deposition (green shale). Hassive

green and red shale Intervals contaln essentlally no organic .carbon,
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commonly display evidence of intense bloturbation, and based upon

the variable preservation of hematite and other diagenet{c features

dlscussed in Chapter 6, record a varlable, but elevated level aof

ambilent dissolved oxygen in the depositional environment relagive to

other shale lithologic assoclations. The lower boundary of,

! 1

black/green intervals is generally sharp. The upper boundary {s
componly more diffuse and upward increasing levels of bioturbatioh
,within black/green shale suggest an upward increase in the Eh
level. This relationfhip is 1llustrated in the Cape Splic

section (fig 4-3). Here an interval of somewhat lrregularly-bedded
black and green shale, partially disrupted by bioturbation, passes’
transitionally upward into an interval of green and red shale,
generally massive but with discrete bioturbated horféons and
¢ontalning disgenetically-precipitated Mn-carbonate. This,.in ghrn,
is transitional upward inte an interval of massive greenlshale with
prominent silty dolostone beds overlain by saﬁdstone of the‘Eagle
Island Formation.

The two contrasting styles of shale-dominated depositidn witﬁin
the Middle Arm Point may be viewed in light of two different models:
1) Depositional conditions through this interval have fluctuated
betveen two modes: 1) a relacively low Eh level,luhich has preserved
organic carbon and are now represented- by thini} interbedded black
end green shale and 11) relatively high Eh conditions which have
resulted Iin the depoaition of the massive green and red shale.
assoclation. The driving mechanism of this fluctuation is "external”

and somehow related to Gidespread cceanic condlitions,




Figure 4-3 .

Mcasured section at Cape Split {llustrating sedimentologic and
diagenetic features interpreted to be associated with Increasing levels
of dissolved oxygen in the deposuitional -environment, through an

Interval of the uppermost Middle Arm Point Formation. Lithologic
symbols as per fig 3-1a.
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2) The massive green and red shale association represents "normal™
depositional conditions at this time, which have been periodically

Interrupted by the input of organic carbon-rich muddy turbidites.

These have, by their presencs, temporarily altered‘the delicately
balanced Eh level of the deposltional environment and the return to
"normal® marine conditions is represented by the transitional
reappearance of the massive green and red shale association (cf.

Dean and Gardner, 1982).

These two alternatives wi]l be disqussed in light of overall

depositional and oceanographic models in the final chapter.

4.1.5 Summary

Organic carbon-rich, well-laminated black shale intervals are
o

regarded as pelagic and hemi-pelagic, quiet-water deposits. The

thickest and most conspicuous occurrence of this lithology is a

Fl 4

correlatable lower Tremadoc interval (within the upper part of the
p .
Cooks Brook Formation) which provides evidence of distinctive

depositional conditions at this time. The anomalous appearance,
within the Middle Arm Point Formation, of abundant organic carbon
within shale interbeds in a perted lime grainstone unit may be
indicacive of a temporary return to similar conditions.

Cycles of interbedded black and greeé shale are interpreted to
reflect turblditic redeposition oé'organic carbon-rich muds
alrernating with hemi-pelagic-sedimentation. This style of

sedimentation was ongoing throughout deposition of rhe Northern Head

group and of a cyclic nature at the base of the Gooks Brook

Formation. Shales of the Middle Arm Point Formation record a

+ .
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progressive Increase in the level of dissoclved oxygen in the

depositional environment, punctuated by black and green intervals

described above.

- e - — t
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4.1

Introduction

Cherc is almest entirely confined to the Middle Arm Point

Format‘. particularly in the upper (Arenig) part. The only notable

occurrence within the Cooks Brook Formation is within the Tremadoc
- ‘_-.--_'_'-\——-

o
black” shale and thin-bedded carbonate sequence at North Arm Point.

The majority of Northern Head group cherts are silicified versions
of other lithologties, principally shale. Silicification appears to
have been an early diagenetic phenoﬁenon which has preserved
sedimentary and biecgenic structures and diagenetic features such as
hematitic coatings. Dolomite is very common within these cherts, | and
_dolo,m-i’te grains are better pres-erved‘than within non-silicified

delostones.

13
v

2.2.1  Tednology

| Since most of the Northern Head group cherts‘hzve .originated by
extensive s{lica cementation (and 1ocali.zed replacenent} of pre-
existing litholeogies, a gradational boundary exists between the
orlginal hest and Iend member “cherts". In particular, the
distinccion between the fleld terms shale, siliceocus ’shale and chert
is somewhat art"itrary, and based breadly on the relative hardness
(;efle(_:ted in part as resistanc‘!_to eroslon relative to surroun.dirig
lithologieg). Since these are fiald terms ., aftempts to quantify them

are not sapplicable, but as a general guideline, those lithologies

termed chert display an 5102 .content of 80% or more compared with an

"1

average (this study) shale compaslition of 58.5% $102. S1liceous

shalas lie between these vaiues are more resistant to ercsion than

surrounciing shale, but can still be scratched with the hammer. This
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1s distinct from the term silicified shale used below, which implics

pervasive cementation, and commonly partial replacement, by silica.

4.2.2 Blogenic components

_Radicelaria are the most common siliceous bilogenic component and
oc::ur within }éughl} 1/3 of the chert samples examivned. They are
generally preserved as spherical bodles, roughly .1 am In diameter I
and filled with fine-crystalline silica; In 'a few samples delicate
ornamentation can be seen and a ".net-lika" internal structure has
been observed under cathodoluminescence. Sill.ce_ous sponge sp-icules

are less abundant and are only present in lithologles with labundant
radiolaria. The relative paucity of spicules may thus be rc]:'ated to
preservation rather than initial abundance.

Radiclaria never constitute moere than 15% of any cherrt. Densely -
packed "radiolarites" (cf. Gruna?]. 1965; Barrect, 1982; Gortner and

. .

Larue, 1986) are nét presepr. Radiolaria are commonly cencentrated _ ’
in one of three ways:
1) In thin currhent-sorted.laminae mixed with dolomita.-crys‘;tals of
roughly the same size. -

2) Ta individual horizons within banded black and green shale

sequences.

3} 1n pellets within burrows, ' :
. !

4.2.3 Principal types of chert

S5hale and sil.ty dolostone are the two principal Northern Head

Eroup iithologie's vhich become so extensively silicified as to form

:




cherc. Censpicuous by its absence is the nodular and replacement
chert associated with limestone in the Cow Head Group (Coniglio,
1985; James and Steven;, 1986) . Li'kew‘lse, the characteristic chert
"crusts” which cap (principally Ordovician) conglomerates vithin the
Cow Head Croup (ibid._) are not developed. This sctyle of
silicification, however, does occur as a8 slliceous matrix in some
calcarenite units overlying Halfway Point member conglomerates

{(refer to Calcarenite, Conglomerata sections), A scmewhat similar

mode of "bed-top™ silicification 1s present in silty dolostones

{refer to Dolostone sectlon) and is discussed below. .

4.2.3.1 $Siliciffed shale

Where chert occurs® in the uppermost Cooks Brook Formation (North
Arm Point locality n;entioned above) the host shale {s black and rich
in organie carbon. This shale 15 broadly silicified but contalns
thin (< lmm) very organic-rich, non-silicified partings at roughly
S5cm intervals. A single 10cm layer of translucent, relatively pure
chert occurs 1n the upper part of this Interval. This lc;yer displays
centlmeter scale banding which appears to be relic bedding and

includes scattered,- lensold horizons of pyrite up to 2cm thick. In
thin section this éhert fis dominated by strucctureless, fine
crystalline silica. This texturs, nnd‘the above-described features
suggest that the layer originated by extensive replacement along a
.discrete horizon, where it has almost entirely replaced thin beds of
shale.

Silicified shale 1s a characteristic component of the uppermost

Hiddle Arm Point Formation, where it i{s best developed immediately
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below the Eagle Island formation. At several localities (Middle Arm
Point, Eagle Island North) it forms blocky-ueatherlng intervals, up
to several meters thick, _of_massive silic{fied shale, which is
predominantly green. In other sections (North Arm Point, Black
Point), discrete' 3 fo 10cm beds of chert (silicified shale) occur at .
30 to 70cm intervals within units of red and green shale. These
cherts are both red and green, and have preserved or “"frozen" -
dlagenetic red/green colour van-:liatlons. At North Arm Foint, for
example, green cherts predominate and preserve red burrows within
them (refer to Shale section above).

The early onset of silicification is suggesﬁed by rounded
silicified clasts within carbonate conglemerates and angular "rip-
up” clasts of (Middle Arm PoInt) chert in conglomeratlc horlizons in
the overlylng Eagle Island formation. -

Silicified shales display a subtle matrix of dark isotropic or
very weakly birefringent silica in thin section uhich surrounds and
cements clay and silc particles. Samples ¥from Middle Arm Point and
Eagle Island), which are masaive in hand sample, display, Iin thin
sectlion, subtle structures suggestive of burrowing which predate
silicification. Brecciation of shale followed by cementation by
erystalline quartz and localized fine-crystalline quartz veins s
also present, similar to that described from bedded cherts by Wise
and Weaver (1974).

Sampnles where quartz cementation {s common display 2 scages of

a

crystal growth within pores. The first {3 an aclicular poie-lining,

vhile the ‘se_cond Is a pore-filling chaleedonic quartz which is
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commonly, but not always,,lengr;h-fa.;sl:. Silica also coats or rims
carbonate gr_;{ns and locally completely replaces carbonate. .

In severail cases burrows appear to have been the loci of more
intense sllicificatiqn vhich can be observed 1) within the host

sediment along the margin of the burrow and g) as clear, silica-

domlnated areas within otherwlse red sediment-filled burrows.

6.2.3.2 S$ilicified dolostones

Scactered silty dolostones have been extensively silicified and
appear as resistant "chert™ horizons up to 10 cp thick (.E-'late 4-5a)
within some shale-domina-ted sequences (the Middle Arm Point
Formation). Examlplés of partially silicified dolostones, whare

- '

gllicification 1is confined te Individual bed tops, are described in
the Dolomlte section.

" In Ehln .section, dolomite commonly .appears as abundant, euhedral
crystals within individual, mm-scale lamlnaa and 1oca1]‘:y within
graded beds up to lem in thickness. In the graded beds dolomite is
eccompanied at the base of the bed by fine sand-size grains of
quartz and feldspar, phosphate and locally radioclarla.

In the case of individual lanminae dolomite, angular, detrital
quartz and feldspar grains an& rediclaria have undergone the s_.'.ame ,
size-sorting during deposition. These laminae commenly appear as

light-ceoloured intervals within red shale. This indicatec that 13

the veloclty of the ‘current which deposited the lamina was high

. enough to remove clay, 1i) the red hematite stain is confined to the

clay" fractfon and {i1) at least some of the silica present was

introduced as  a dntrital component (radifolari{a). Burrows preserved
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within these cherts commonly contain a much shigher proportion of

detrital components than the generally clay-rich host sediment.

4.2.4 Summary and Interpretation -

Northern Head gro;.np cherts are priﬁcipally the resulr of
extensive cementation and localized replacement of pre-existing
shales and dolostones. They are largely confined to che. Middle Arm
Polnt Formation in the Arenig part of che section. Parti{ally
recrystallized radfolaria are assoclated with roughly one third of
the chert sanples examined.

Fleld evidence Iindicates that imn many cases si{licification has
occurred early, possibly at or near the seafloor. This Includes:
1) the Incorporation of rounded, silici{fied clasts within carbonﬁto
_conglon.term:es. and the presence of angular "rip-up” clasts of
{Middle Aﬁ Point) chert in conglomeratic horizons of the over‘lyin{',
_ Eagle Island formation.

" 11) the presence of uncompacted silicified burrows within Intervals
of shale and sllty dolostone; fn this case the burrows may have
actedds permeable and porous lecatliong for the precipitation of
silica t'rorn‘ pore-waters during early diagenesis.

i11) the "bed-top* silicif'ication displayed by silty dolostones
within the HMiddle Arym Point Formation, wherg extensive silica
cementation is confined te the uppermost part of each {ndividual
thin bed within a thin-bedded interval of silty dolostone. Similar

processes have been moted within red and green shale intervals,

where silicification has apparently arrested and preserved
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PLATE 4-5: CHERT, CALCARENITE LITHOLOGIES

a: Reslatant chert bed within a shale interval, formed by the :
+ siligificacion of silty dolostone; Middle Arm Point Formation, Black

Brook North. g

CALCARENITE

b: Conglomafate lens dominated by tabular clasts of locally-derived,
parallel to cross-lacinated calcarenite; Upper Cambrian calcarenite-
dominated interval.

‘ —

c: CGraded bed, grading from conglomerate at base to parallel-laminated
calcarenite at top; "graded-stratified conglomerate™ of Hiscortt and
James (1985); Upper Canbrian calcarenite-dominated interval.

d: "Intraformational truncation surface" attributed to gravity-sliding
. within the Upper Cambrian calcarenite-dominated interval; Northern
Head; hammer (arrow) for scale. ]







dlagenetic red/green colour cﬁanges.
The o;igin of the microcrystalline silica cannot be conclusively\
de;onst‘ated but the association with radiolaria in various stage£
of recrystallization {and the scattered presence'of siliceous
spicules) strongly suggests derivation by early diagenetic .
recrystallizacion ﬁf biogenic silica. Studies of Tertiary to Recent
pelagic siliceous deposits Indicate that the transformation of
biogenic silica (opa) A) through an Intermediate cristobalite (opa!
CT) to quartz is a solution/reprecipltation process which is
dependent upon time, temperature and concentratiocn of impuritiés

(lonic spacies and clays; Lancelot, 1973) In the preciplitating

wedium (summarized in Calwert, 1974; Wige and Weaver, 1974), Siliqa

solution and redistribution in pore waters during this process (éfi
Sﬁess. 1979) could readily have resulfed in che scyle of pervasive
cementation and locaiized replacement observed in cherts of the
Northern Head Group. Relic radiolarian tests (now preserved as
spherules of microcrystalline qusrtz) pr&bably Tépresent a small
fraction of the original siliceous blogenic debris present,
pr;served by local variations in pore water chemlstry. There is no
evidence of volcanogenic input of silica inte the cherts of the
Northern Head group, neither {n significant amounts oé slllcéous
volcanogenic debris nor as hydrothermal fluids. ’

| Chert 1s more widespread in the Cow Head Group than in the
Rorthern Head group, by volume, in the variety of Its occurrence,
-and 1n_aEratlgraph1c diatribution (Hubert et al., 1977: James and
Stevens, .1986) In both cases the occurrence of chert does increase

-

significantly in the Ordovician, but i, much more widespread in the
. iy ' .
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Tremadoc 1n!ha Cow Head Group than it 13 in the Northern Head
*

Eroup. Possible reasons for this contrast between the Northern Héad

CGroup and Cow Head Group are discussed In the final chapter.




4.3 CALCARENITE
Introduction

: Calcarenite beds are distributed throughout the Northern Head
gfoup, but dominate the Upper Cambrian portion of the Cooks Breok
Formatian and are generaliy sparse within the Middle Arm Point
Formation. Calcarenite beds range from less than Scm to roughly 40cm
in thickness and occur in several different ways, as 1) 1solated
interbeds (together with shale) within other 1{thologles, such as

conglomeratic intervals, 2) thin "caps" on some conglomerate beds
/

and 3) the principal component of.parted limestone intervals. The

clearest example of the latter is the roughly \OOm thick Upper

Cambrian calcarenite-dominated section described in Chapter 3 and
referred to below,

Calcarenite units range in grain size from coarse_si}t to coarse
sandstone and in texture from packstone to wackestone. Modal grain
9ize is fine sand, Granule conglomerate 1s different, and is

discussed in the @onglomerate section.

4.31.1 Composition )

The most common component of Northern Head group caI?arenites is
well-raunded peloids. 1n the finer size range (15 to 50 micrometers)
these are featureless micrite. Peloids range up to coarse sand size,
where "structure grumuleuse” (Bathurst, 1971) is common obserq;d,
and where, In the least-recryécalllzed examples, Girvanella and
Eplphyton can be dlstinguishedr Nuia is a less common component.

Siliciclastic grains are a ubiquitous component of Northern Head

calearenlites. The siliciclastic component ranges up to 25% in
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individual calcarenite beds near the base of the Cooks Brook
Formation. Here flakes of detrital mica (a characteris;ic component
ok, the immediately underlying Irishtown lithologies) accompany
rounded grains of quartz and feldspar. Quartz grains here are medium
te coarse sand, and are characteristically highly fractured and
corroded and appear similar to those comprising sandstones in the
underlying Irishtown Formationm.

Angular siliciclasele silt {s a pervasive minor component, both
within grains (scattered throughout peloidal micritdc grains) and
matrix. This silt becomes conspicuously abundant in the Upper —~.
Cambrian part of the Cooks Brook Formation. It is too fine to be

readily apparent in the field, but can be.seen in thin section to

represent up to 40% of the rock, where it is commonly sorted in

individual laminae Within an interval of particularly coarse
uppermost Cambrian calcarenites this silt is accompanied by very
wel unded medium to coarse quartzose sand, which commonly

displays/frosted surfaces,

Dolomlte is another common component of the calcare;ltcs and
occurs as 1} individual cryscals with euhedral (frequently ferroan}-
overgrowth, a;d 2) clumﬁ: of non-ferroan dolomite interpreted to he
dolomitized intraclasts., Dolomite is discussed In detail in a later
section.

Trilobite and brachiopod fragments and rounded, commonly
overgrown pelmatazoan Fragments are present as a minor component in

many calcarenites.

Unlike many Cow Head Group calcarenites (James and Stevens,




19B6}, colds are extremely rare in calcarenites of the Northern.Head

group. ‘»

4.3.2 Bedding styles and lithologic associations

4,3.2.1 Cooks Brook calcarenitea

Calcarenite dominates a roughly 100m thick interval within the
Upper Cambrianbportion of the Cooks Brook Formation (Chapter 3).
Although calcarenite beds are variable, the majority.are roughly 5
to 25em thick, and dispiay i) a broadly channelized to planar base,
{1) parallel laminations in the lower part, commonly passing upward
into 111} a ripple-laminated upper part. Massive calcarenite beds
are also presénc but are uncommon. Shale interbeds range from-iess
than lcm to 5cm between calcarenites,(although amalpgamated
caycarenite beds are common.

Thin pebble to cobble conglomerates are assoclated with this
licholegy, particularly in the thick Upper Cambrian calecarenite-
dominated interval. These conslonerates range from 10 to 30cm in

thickness and are generally lenses less than im wide. They are

komposad of tabular clasts of parallel to cross-laminated

calcarenite, ckparly derived from the surround{ng lithology (Plate
4-5b). Thea; ;nits are not graded, and commonly display a planar
base and irregular top (with projecting clasts).
The most extensive exposure of the Upper Cambrian calcarenite-
dominated interval is present along the roadside in the core of the
Cooks Brook syncline (immediately west of Cooks Brook). Two modal
thicknesses of calcarenite beds occur here: thick (40cm) énd thin (5

ta 10cm). Lacally thin beds of lime mudstone appear within the thin
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beds. These two bedding styles occur in units 3 to Sum tﬁlck, which

commonly alternate. This bedding feature cannot be discriminaced as

thickening or thinning upward, since the contact between units is

sharp and not gradational. The lensold conglomerates described above
are most common within the thicker bedded units.
Amalgamated calcarenite units, locally up to 5m thick, also ) '

+

occur within this interval. Uncommon beds, up to 50cm thick. grade

from conglomerate at the base to parallel-laminated calcareniﬁe at

the top (Plate 4-5c). These are similar to those térmed "graded- ,

stratified conglomerate™ by Hiscott and James (1985) and James and B

Stevens (1986). : :
Planar discontinuity surf‘des, at a low angle to bedding, occur

Uiyhin the Upper Caqprian calcarenice Iinterval (Plata.ﬁ-Sd);

commonly just above chaotically folded horizons. This s most

readlly apparent at Northern Head. These ;re ldentical to the

"intraformational truncation surfaces” described from the Cow Head -

Group (Conlglio,,&iﬁs; James and Stevens, 1986) and actributed te

gravity-induced sliding of sediment.

Calchrenite “"caps" on conglomerate beds are most commonly H%;lig '
in the lower part of the Cooks Brook Formation. These units range
from ? to Scm in thickness. Internal structure is variable and

ranges from massive to entirely parallel-laminated to parallel-

lamin;ted grading up into cross-laminated to entirely cross-

laminated. These units are similar to, but generally thinner, than r
those described from the Cow Head Group (Hubert ec al., 1977;

Coniglio, 1985; James and Stevens, 1986)., Calcarenite caps overlie

o
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only matrix-rich conglomerates and are composil:ionally ldentical to -

the matrix of the associated conglemérate. -

4.3.2.2 Middle Arm Point talcarenites

Y

— -

Calcarenite it uncommon within thé Middle Arm Poiﬁt_ F-'orma-tion.-!
I_Jut occurs conspleuously within a 7 go 10m interval of dark fmrteci
limestone {refer to Chapter 3; figl 3-8). Calcarenite beds , 15 to
25cm tchick, are 1nte‘rbp_'gldjg with bla'ck, finely laminated shale at 5
to 10cm intez"vals. The cla-ica.renite- is dark grey due t;: 1ncluded
_organic ‘carbon, displays scatteret;l current ripples a-r!d is
characteristically biotl;rbated. :
The modal grain-size of these units is .8mm and they range from
medium to coarse sand.. Cornpo.sitionally‘. they are similar to the
.granule conglomerates which occur higher in the s;ction,' in the
‘abundance of aigal !'E‘icri.te or sparite grains dominated by Girvanella

and—_EEiEhxton,'and the presence of accessory rounded phosphate

grains. i

4.3.3 Calcarenites: Interpreted source and depositional

f -

mechanisms - ) -

4.3.3.1 Postulated source 4

Peloidal grains are the dominant component of Northern Head”

Group calcarenites and are interpreted to have been largely derived
from calcified‘algae. A s%milar compésitiorl"has been noted in the
;:a“fl.careﬁi‘tes ‘8T the Cow Head Group (Conlglio, 1985; Coniglio and

- James, 1985; James and Stevens, 1986), Bgsed upon r;he widespread -
occurrence of these redeposited algal grains (and boulders of

calcified algae within conglomerates) these authors reconstruct the
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lower Palgozolc shallou-vatqf carbonate margin as one dominated by

Cirvanella, Epiphyton and Renalcis, shédding sediment dominated f:iy

these calcified algae into deeper water. The nature of -the Northern

Head group calearenites is conhsistent with this interpretation.
The nature and str'atlg;aphic posi‘lon of silicieclastic grains

uith'in calcarenites in the lowermo:st Cooks Brook Formation are

consistent wich derivation from a waning-siltciclast-ic'-sol.lrce at the
f ™
close of Irishtown sedimentatfon. '

The notable prominence of siliiciclastic grains within the Upper
Cambrian Northern Head group calcarenites is very similar to that

described from the Cow Head Group (James and Stevens, 1986). Based

on graln shape and texture, and overall size distribution (angular
’ L
silt and frosted eand graine) this quartzose material i{s regarded by

thesé authors as eolian in orlglo and this is accepted here. This
input of siliciclastic material appears to have been continuous
through the depositien of. the Nerthern Head Group, with local maxima’

+

related to e\;ent‘s recorded on the platform (see final chapter).

4.3.3.2 Depositional mechanisms :
~ : .
The Internal sequence of sedimentary structures, broadly

channelized base and normal gradinrg demonstrated by the majoricy of

the Nort'hern Head group calcarenites suggest that these units have
been deposited by turbidity currents. Althaugh‘the classic Bouma

: s-equence ix not d:eveloped, these units cdmmonly display the Thce
divisions and have many of the features of medium-grained turbidites

as summarized by Pickering et &1. (1986). Predominantly massive

calcarenite beds hqve been described from the Cow Head Group by




Conigliq'(l985),_ _who regarded them as proximal turbidites. Cross _

stratificatien on the tops nf Cow Head Group calcasrenites was

it}ferpretecﬂ' by Huberf et al. (1977) to Fepresent the action of

contour’ currents, buct in the Northern Head group callcnre_ni.te_s this
structﬁre is i.nt'arprete'd as part of the Bouma cycle_'_. ,anél no evidence
of cént(?urites has been observed in thls lithology (cf. Conogllo,
~].9‘85; Hiscott. and James, 19E5).

Likewise, the calcarenite caps on conglomerate beds vere

, Interpreted by Hubert et al. (1977) as contourites. It is clear [rom

_obsﬁrvations outlined above that each calcarenite cap Is genetically

related to the associated conglomerate. Since «he calcarenite units

commonly display partial Bouma-/s.equence.s, it 1s considered most
likely that tl"lese unlcs rep‘resent turbidites, whose deposition is
part of thE"gravi]‘:y—(driveﬁ em-[)lacement of ‘the “hderlying debris
ffows (cf. Krause and Oldershaw, 197.9; H.iscott and James, 1985)'.‘ .

The thin, lensolid conglomerates in the Upper Cambrian

'
3

calcarenite interval display the chalacteristics of localized debris

flows. The assoclation of these conglomerates with thicker bedded

T

calcarenite units is suggestive of a more "proximal-style”

depositional setting (cf. Walker, 1967) as opposed to ‘the thinner

bedded calcarenlte/lime mudstone units with which they alternate.
"~ This alternation of units does . not appear to reflect a pattérn of

thickening or thinning upward censistent with, the facles .

aiscribution described from a submarine fanh sectting (Hul:f:i and Ricel

lucchi, 1978; Walker, 1978). Rather the alternation indicates a
periodic increase in sediment supply from upslope, possibly driven

hy.tectonic control (cf. Macdonald, 1986) but thought to more likely

179




N . '
repr.esent punctuated, .sqlla‘llq—scaie pr'o;r.adation of the; upslope i '
carbonate margin. . - - ap - , ’

The sppearance of the- calcarenite’ interval uithiln the overall
sh#le;dominatad Hiddle Arm Point Formation {s anchalous. This ’
intez‘vall._r_l'_g_p;:asentsl the Input of largely shallow-water-derived R
cart::onata gr.ain's- {and orgalnic carb;:n-ri,ch mudstone) into an interval . . '-\

otherwise Indicating restrictegd i{nput from the platform margin. -
Evidence suggeqtiﬁg the depositional’ mechanism of beds within this

interval has been_ partially obsc.lrxred by bioturbation, but beds here

mos?® closely resemble other calcarenitgs interpreted as turbldices.

-
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LIME HUDSTONE

4.4.1 Introduection -and distribution

Lime mudstong Is scattered throughout the Northern Head Group,

as 1) isolate,ﬂ_}thin beds within shale, ii) component beds
interbedded with, or transitional with, calcarenite uriics and {if)

thin-bedded intervals of parted to ribbon. limestone, In encﬁ of

r L -

these, modes beds range from continuous to nodular.*

Unlts, up to lm thick, of f:hi.n-b'edded,. generally nodilar lime

mudstone characteristically occur with shale intervals in the Brakes

Cove member. - — *
5
L]

W'here- lime mudstone is associated with ‘the Upper Cambrian
calcarenite ihter.:val' described previously, it appeﬁrs as isolated
.thiﬁ beds (< 5cm) or rhin-bedded packeté,‘up te .5m thick, which n_ra‘
scattered in a'non-systeme;tic lf;ashior? thr/ougl'{out the interwal.

Lime mudstone is conspicuous- in the uppermost- Cambrian part of
_the section, and in anm qverly'ihg (Tremadoc) interval associatod with '
black shale. The Caml;ir‘ian occurrence appears at Seal Cove, Woman

) Cc;ve and at Halfway Pointé&‘iles Polnc, and consists of a roughly 25m
thick Interval, domlnated by lime mudston:e and contrastin-g ‘
.tea.{turally with the ur‘-ldérlying calcarenites. Lime mudst‘one l'.zcre
-occurs in beds 1 ;:o 3em thick, interbedded with cream-we'athorihg,-
;na;ly calcareous shale, lending a massive appearance to theg outcrop.:

The Tremadoc Interval is (.:lominat:ed overall by black shale (see,
Shale section, this ;:hapter)’_y.ut contains varying amounts of cthin- )

bedded to lensoid lime mudstone and is transitional, in part, {nto

ribbon limestone (Plate.h-lb).' Mudstone beds are fea_tureless to
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faintly, thinly laminated.

Uithln the Middle Arm Point Formation,- lime mudstone occurs as a

component of other lithologies {e.g. thin-bedded dolostone/mudstone
v 1Y St

coupl_ecs‘; refer to Dolomite section), but is particul(rly .
cons'pigllluus in an ‘:lsplated interval within the uppermost Middle Arm
Point at Eagle Island North. This 3m thick unit is isclated within
shale, and consists of lime mudst;mej in beds 5 to.‘15cm thi_ck/, with
miner shale. interbeds. T'hi.f urnit displays a sharp base and Is

r:r‘énsitional. through 4 modular interval, into overlying shale. The

entire lime mudstone interval is intensely bioturbatéd (see Chapter

- ——r

~

5). -

4.4,2 Composition
- . 1 4
Moat lime mudstone units are wackestones. They commonly appear

to be fine-grained equivalents of many calcarenites, because they

~ contain scattered pélo!.ds, angular siliciclastic silt, isolated

dolomite rhembs, and minor biloclastic grsins. Individual beds
l.c.onl:ainlng abundsnt ra;iiolaria are also present. The lime mudstone,
. component wl'_lich d-omin,ates is recrystallized ‘(micro.-r.parj and is of
uncertain o‘rigin. Sp;arse laminations .Iw.it'hin these units are defined
by qoncentratlbns of clay mineral flakes ;)r silic_it-:lastic silc.
These 1ime_1 mud.stone 1:1n1ts are 1:101: gr;Qed.' alth_ough locally, silt-

filled scours are present at the base of Individual beds.
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beds are locally intimately associated ineluding i1} the presence of

il

4. 4.3 Poss-ible‘origin of llme mudstone units

o«

The origin of lime uudstone units in the Northern Head Group is

problem has not been 4ddressed JAn detail in this study, but based

upon 1} analogy with the calcarenite units with which lime mudstone

-

micritic pelolds wenticned above, the source of this lime mud is

thought te most likely be the disintegration of shallow-water-

. derived calcified algae. This suggestion hai been advanced bascd

upon more detailed investigation of siﬁilar 1;thologies in the Cow
Head Group {(Coniglio and James, 1985; Coniglio, -1985; James and
Stevens, 1986). Because of the sbsehce of calcareous plankton in the
Early Paleozoif:, lime mud through this ingerval, even if
diagénetically redisifibuted, musih&wl.'e i}:s ultimate o:}rigin ‘on the

carbonate platform.

o

The depositional mechanlsm{s) of many lime mud units in the =
Northern Head group 1s equivocal. qusiblliﬁies incﬁlude 1) diluce
turbidity currents, 11} hemipelagic sdccling or 111} redeposition hy

contour cugrent. Where mudstones are assoclated with coarser-grained

units (refer to DolomTte, Calcarenite sections) a turbidite-related:

origin can commonly be demonstrated. In other cases, the absence of

,

any sedimentary atructures, apart from scattered parallel
laminativns, and the association with thinly parallérfiami_nated_

shale suggest qufet- water deposition by a process of hemipelagic . °

-

settling. No evidence of contour current re'working or deposition has.

been noted.
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The importance of diagenetic carbonaste precipitation and

marginal aggradation In ribbon lime(mud)stone intervals in the Cow

-

Head Group has been stressed by Coniglioc (1985). Marginal banding

locally within Northern Head group mudstone units ‘suggests the

- L]

action of si¢11gr processes, and this {s briefly examined in Chapter.

6. ‘ Y
L) . " . -
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Introduction

DolomitePis present throughout the Northern'ﬁ;ad group but is

~parcicularly abundant within the Middie Arm Poiét%Fdrmntiun, where

bedded dolostone units are common. Lower In the seftlop, within the

Cooks Broock Fq;ﬁation, dolomlte occurs as a scattered minor‘

-

" component of several lithologles (calcarenites, conglomerate matrix

and shales). TEF nature of these ‘occurrences is described below, in

»
gtratigraphic sequence.

J/poiomice oceurs within the Northern Head group as i)transported

5rains,‘or a replacement of transported grains, J%d 11) as a cement,

This section is focussed on the former, while diagenctic aspects of

»
.

dolomite are treated in Chapter 6,

4.5.1 Dolomite within the uppermost Irishtown Formation

The characteristic orange-weathefing appea}ance cf black to
-grey shale Qnd silgstoﬁe in the uppermest Irishtown Formation is due
- -«
to the presence of abundant, medium silt?size, euhedral, highlj-
fergogn do}omite. This is sorted inte c£oM 1aminatibﬁs, and is
Iaccompanied by abundant.quartz, feldspar and mica‘of similar'gizeg

4.5:2 Dolomite within calcarenites of the Cooks Brook

Formation

Dolomite is ublquitous within calcarenites of the Cooks Brook

Formation and locally comprises up to 15% of this lithplogy.'As

:

menetioned in the Cakcarenite section, dolomite occurs here as 1)

-




scattered i{ndividual subhedral to—euhedral crystals (30 to GO
micrometars) and 11)'“é1usters', ranging up to .4mm, o£_euhédral
crystala, The first variety is wost commonly'ferroan while the :
.second 18 generally non-ferr;an; The "clustered" variety of dolomite
has'clearly occurred by the progressive replacement‘of {dominantly
.,micritic) grains and 1ntréc1asts,‘and is noted in various stages of
replacement ghroughout-the Northern Hgaa Qréup. This is illustfatad
‘In partial, and comple;e stages of development in Plate 4-6a) and b)
respectively. This ;eplacement is fresent within both grains 'in

bedded sequences, and in clasts within conglomerate, and 1s regarded

as an early diagenetic product.

4.5.3 Middle Arm Point dolomice - s

There are three principal types of dolomlte in the Middle Arm
Point Formation: . A
&) The dramatlc appearance of ,dolomite in the Northern Head group

oceurs as the Woman Cove member (base of the Middie Arm Point

' L

Formation).
Higher in the sectién, dolomite occurs within’
f2) 1solq;fd thin beds and lenses, locally associated in "packages"
aend
'

"3) units comprlsing.thinly interbedded silty dolostone and lime

mudstone . ’ -
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PLATE 4-6: DOLOSTONE LITHOLOGIES , : ' . :

a: Photomicrograph 1llustrating iﬁcipieﬁt dolomite replaéement'of '
micritic grain (outlined); clast within conglomerate, Brakes Cove -
member {(Cooks Brook Formation): scale bar is . lmm,

. _ e . ; “

b: More advanced replacement-of mlcritic grains (ontlined) by dolnmlto"
scale bar is . 1lmm, -

c¢: (Qverturned) portipn of silty dolomite bed displaying indd4vidual
sats of dolostone separated by thin shale laminae (small arrows).

Burrows on base (here upper surface) of bed have locally initiated
down current scourlng {large arrow}. .

d: Flute casts and bloturbation on the base of silty dolostone hed.
(illustrated in previous photo}; burrows are crudely aligned parallal oot
with flute casts, and have locally Initiasted scouring downcurrent. '

r
—







- 4,5.3.1 Voman Co§£ Heﬁbe;

The Woman Cove membet fangea from 12 to 15m in thickness and is-
. o ' G . .
dominated by beds of characteristically buff.weathering siley -

: dolostone.

Dolostone beds are 5 teo lOcm thick and interbeds of grey to

green shale commonly thicken upward, from 2¢m at the base to Scm

near the top of the interval.‘Shalesinterbeds are structureless.
"Individual dolostone beds are generally entirely cross;lumikatéd At

ungraded. Beds may contaln several centimeter-scale scts of cross

1am1née, sepérated by thin hhaly lamifiae (Plate &4-6c). Each ;.
- s o

successive set may d1;;1ay a slightly different current orientarion,
different from the adjacent‘une by up t0'95 degrees: Flute casts are -
present on the base of some b;ds {(Plate 4-6d). Parailel-laminated .
" and massive units oecur 1oca11y; Thicker bedslﬁﬁy di!plaf convolute

lamination. Bedding surfaces are:slightly wavy and 1rrégu1ar} but

are laterally continuous over distances of 3 to 10m (Plate A-?u).

Biotqrbation is conspicuous and is generally best dé*eloped in ‘.
the lowermost 5m. Palaeoéhycus'and Cyiigdriqhus trace fossils are

. .
abundant (Plate 4:7b), both parallel, to, and crosscutting bedding

(refer to Chapter 5). On some bedding surfaces elongate scourcd

.areas, similar, and pErallel,_ta nearby shallow flyje casts extend

"down-current” from the exposed tip of-a burrow "(Plate 4-6c,d).

These clearly 1llustrate that: burrows predated, and affected

. - a L ]
currents which were transportimg and/or depositing silcy dolomice.
Dolostone beds .in the uppermost several meters of the Woman Cove *
tember {well exposed at Woman Cove prbper) and higher'in the Middle
Arm Point Formation have red-weathering, silicified tops. These .
. ’ . . . &
- 1BQ\~___ .
& L ) } i -
*




PLATE 4-7: DOLOSTONE LITHOLOGIES (continued)

1

Parted silty dolostone beds at the base of the Woman Cove member; '
) [y

A
Woman Cove

b: Bloturbation, . dominated by Palaeoghycus {plus ?Cylindrichnus) on the
bnse ofsailty dolostone beds; Woman Cove member, Eagle Island,

~

¢: Transttional appearance of silty dolostone (light tone) within dark
“lime mudstone; base of Woman Cove member, North Arm Peint

¢d: Photomlcrograph of silty dolostone displaying abraded, Qetrital
caores {arrows) with euhedral, ferroan overgrowth (blue}; dolomite
surrounded hy pervasive silica cement; scale bar is lmm.







intervals of silicification range up to 2cm in thickness, highlight

current laminations, and are thought to reflect a2 process of early

cementation (refer to Chert, this chapter, and Chapter 6).

- The base of the Uoma.n Cove member is transitio.pal arc Woman

Cove and North Arm Point. Here thin beds (lem thick) of dplomite

silt to sand are interbedded with dark lime mudstone over an

interval of approximately 1m '(Platlla 4-7c). Dolemite beds are cross- .

laminated, irregular or lensoid a-nd display a sharp, 1ocall'y-sc0t'1red.

base and a gradational contact with the overlying lime Tn_udstone_ o ’
Dolostones of the Woman Cove member are a-densely-packed

-— N '
mosaic of dolomite rhombs,” commonly containing scattered angular

silt grains of quartz and feldspat. A very fine crystalline silica

cement {s present and varies from patchy to.pervasive. Individual

dolomite rhombs range in size from medium silt to fine sand. Many

display inclusion-rich cores which are commonly abraded and

overgrown by m;he-dral. commonly Fe-rich rims (Plate a-7?1). The 4
irregular truncatioh of internsal zoning, visible under .

cathodoluminesence, can locally be Etfe.n at the rﬁargin of this core.

The variable composition of this'dolomite, and other diagenctic

features, are treated in Chapter 6.

4.5.3.2 Upper Middle Arm Point dolomites

Higher in the Hiddle Arc® Point section delomite occurs as:
1) thin beds or Ienses, combnly Isclated, within red or green

shale-dominated sequences, Locally, in the uppermost part of the

Middle Arm Point, these thin beds occur as 25 to 40cm thick B

Il

packages, within green shale.
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2) a component of alternating dolostone/lime mudstone couplets,

bedded on a centimeter scale in lm thick packages isolated within

shale-dominated intervals.

In the first case, dolostona unit; are ccommonly current-rippled
and locally display a scoured base filled with coarse grainstone. |
Most Séllmples are g mixture of euhedral (ove;gro;m) t;: anhedral,
commonly abraded dolomj‘te--grains,. with 5 to 10% quartz and feldspar
grains scattered throughout. Modal grain size varies from coarsa
silt to fine sand. Grains are comuonly segregated Into well-sorted
lamlna'e, which range in thickness from .1 to several millimeter amnd
alternate with, or occur within, a .muddy matrix. 'Thlcker, prainy -
laminations display a sharp and locally scqured base.

. Individual beds within the packages of thin—beddr-.d dolostone in
the upper part of the Mlddle Arm Polnc range up to dcm tn thicknese,
and are cross-laminated thgoughout. Individual bhed tops are
_highlighted by reddish-wealthering silicification simillay te that
described In the Woman Cove member. L

Distinctive grains of intergrown cherc and ferroan dolomite
o'ccur"vithin dolostone units !:n the upp'er part of the Middle Arm
Point (Plate 4-Ba). These are identical to those in carbonate
granule conglomerates Siightl;! -higher in the MIddle Arm Point and
lowermost Eapgle Island Sandstone (refer to Gonglomerate section).
These distinctive grains are confined to this (Arpnig)‘_pnrt of the
Northern Head Group. Their origin is discussed .at the end of this
section. .

Several red shale 1intervals contain dolostorlle units which




display a pervasive, very fine Intercrystalline hematitic stain
which coats grains and loc_'.ally fiils porés. This ;ppears to have~
been excluded from clay matrix-rich domains. Hematite. surrounds
overgrown dolomite grains and evidence from silicified dolostones
suggests that this coatlng was contemporaneous with silica

cementation and occurred Iin situ,

L
4.5.3.3 Dolostone/lime mudstone couplets

This lithology 1is charactgrlstic of the uppermost psrt.of the
Middle Arm Point Formation, where it occurs Iin green ShaIE-dt;minated
sequef‘nces.' Si.ll:y dolostone and lime mudstone commonly alternate as
centimeter-scale beds which compriée carbonate -dominated packages up
to 1m- t".hick {Plate 4-8b). Dolostone un_i;:s are locally current
rippled, disconti{inuous ‘and lensoid.

Petrographic and field evidence suggests that the thin-bedded
alternatlion of lime;to_ne and dolostone is, -at least in part,
depositional in origin. Dolostone intervals have sharp, locally
scoured bagses and normal gradi'ngaul:l‘I to a transitional contact with
the micrite, Angular q\unrtz ar:d feldspar silt grains are distribu.ted

throughout the dolomite horizons but appear only rarely within

micrite bedlets.

Individual dolomite rhombs. range up to coarse silt and commonly

display an abraded, {rregular core, commonly overgrown by a ferroan
rim, Smnliar rhombs are generally totally ferroan and tend to be
anhodral. On; sample of a dolosto,&e/lime mudstone couplet contalns
dolomite rhomba, as described, wlthi‘n the dolostone bedlet and ,

n:ontl_ins rounded, abraded, non-ferroan dolonmlite gralns entombed
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PLATE 4-8: DOLOSTONE LITHOLOGIES {(continued)

a: Photomicrograph 1llustrating a distinctive chert/dolomite grain
typical of those noted withln silty delestones and granule

_conglomerates of the uppermost Middle Arm Point Formation, and thought
te be derived from the coeval, platformal Aguathuna (compare uith 4-Be
below); scale bar is 1mm.

b: Carbonate "package” within ‘shale-dominated interval (arrows indlcate
base and top), consisting of thinly interbedded silty dolostone and
lime mudstone (darkervtone}; pole s 1lm in length.

T

. -

1

a
3

h]
c: Photomicrograph of finely intergrown microcrystalline chert/dolomite
from the platformal Aguathuna Formation, Daniels Harbour area; note the
similarity of this lithology with chert/dolomite grains described from
the Middle Arm Point Formation (4-8a above); scale bar is .lmm.







;ithin the lime jnudsl:one ‘hedlet, uhi.cl; are not obergrmm. This
suggests 1) that the micrf_ﬁe was present early in ‘l:he diagenetic
history, prohably deposited as a bedlet of lime mud, before 2) the
ferroan overgrowth c-:f detrltal dolomite grains and that 3) the lime

‘mad encompassed_ silmilar detrital delomite gfa_ins vhich vere

effectively sealed off from this phase of diagenesis,

4.5.4 Dolomite: Discussion and Interpretation

4.5.4.1 Origin of the dolomlte

Abraded, ihclusion-rich cc;res, with irregular boundaries and
euhedral (;::ommonly Fe and Mn-rich) overgrowths, are the norm in

dolonmites of the Middle Arm Point. This abraded cdre, and the comnon
&

assoclation of these dolomite‘crystals with siliciclastie prains of

similar size, within gravity-deposited beds or laminae, suppests
that these dolomites have been redeposited, and are det;ital‘ Thi=
origin may encompass both eroded grains of previously iithified

xyiostone, and dolomite transported directly from its

pepecontemporaneaus site of shallow-water formation {cf. Sabins,

1962). Similar examples of decrital dolomite I:nave bern deseribod and
11‘1ustrated i.p the literature (Sabins: 1962; Am.sbur}_', 1962; Scholi’n,
1971; Young _'an'd Doig, 1986)_ and direct analogues have been described
from the Cov.Head Group by Ceniglio (1985). The ferroan rim
displayed by these crystgls 1s not abraded,-and represents the in
situ gro‘wth of dolomite under dlagenecic conditions: discussed in
Chapter 6.

The lack of intern.al..struc'n'e within the core has been taken as

indicative of a synsedimentary as opposed to a lithified source for
L
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detrital dolomite of,this kind {(Sabins, 1962). f structureless,

cloudy and Inclusion-rich core is rhe noerm in dolomites of the
Middie Aruleint; however, the small modal particle size of most of
thsse-precludés any strong Inference as to ofiginal source. -

Although discussion of the relationship of features of the
Northert Head group-with events recorded ogﬁthe coeval shallo;—uater
carbonate platform is largely reserved for the final chapter, a
clear potentfal source for the dolomite of the Hiddle Atm Point
- Formatign is the.contemporaneous Aguathuna Formation. This
peritidally-deposited unit contains sbundant buff-weathering
&olostone and localized evaporitic units (Levesque, 1977; Pratt,
1979; Knight and James, in press). In thin section, portions of
these evaporitic units are very similar to, and appear to be the
likely source of,‘the distinctive chert/ferroan dblomiee grain;
described above (Plate 4-8c). This suggests that at least some of
the input into the dolostoﬁe units of the“Hiddle Arm Point Formation
was derived from a coeval, shalléw water source area.

The replacement of caleitic intraclasts and peloids by dolomite
has been documented and discussed ghove, and volumeurfcally appears
to ba the most important In the Cambri;h part of, che section, The-
dolomite rhombs produced during this process are generally non-
ferroan, ﬁﬁich sugpests thqt they formed away from (prior to) the in
situ diageneticﬁgrowth of ferroan dolomite. The in-transport
dikaggregation of the loosaly cenented clusters produced by this

replacemant may have been one source of the many isolated dolomite

thombe common in. the same part of the section.




4.5.4.2 Postulated depositional mechanisms of silty dolostone beds

T -

The features of the Woman Cove member silty dolostone beds

outlined above suggest that these units do not fall within the

spectrum of cih%siﬁal turbidites (summarized in Walker, 1984;

Pickering et al., 1986). The combined features of irregular bedding
‘contaccs, extensive cross-lamination and widespread bloturbation h
predating or coeval with current activity suggest that if these beds
were originally turbidites, they have been éxtensively reworked by
later current activ;ty. In fact, these features, combined with the
silt to fine sand size and gLod sorting displayed by these units,
.are cbmpatible uith the characteristics of sandy conBourites as
outlined by Stow and Lovell (1973) and summarized by Pickering ot
al. (1986). The same is true for the packages of thin-bedded silty

f

dolombﬁf described from the‘uppermost part of the Middle Arm Point
N

Formation, .

On the other hand, the Qcoured, channelized base and grading
commonly displayed by the {solated dqlosﬁone beds described above
are consistent with deposition by turbidity cur}cnts.

The fileld and petrographic evidence presented above suggests
emp}acement of the dolostone/lime mudstone couplets described ahove
as turbldites. The scoured base of dolostone beds and the translt{on
upward into lime mudatone suggest that each couplet was deposited as
one unit. Each of the principal components of this lithology, the
dolomite, the silicleclastic silt, and the lime mud are most 11#ely
shelf-derived. Thus it appears that each couplet represgents EP

original mixture of shallow-water components which has been

differentiated during turbidity current transport and depos¥tion,

"
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In summary, input of detrital dolomite was continuous throughout

the deposition of the Northern Head group. Replacement of caleitic

intraclasts was a volumetrically more i{mportant source of this
dolomite in the Cooks Brook Formation while-abrad’d-core. ferrcan-

rimmed dolomite 1s representative of the Middle Arm Point. This

chaﬁga In population ia roughly roeval with the appearance of bufE-

weathering dolomite on the carbonate platform upslope (Aguathuna

Formation). Within the Middle~Arm Point, the input of other

allodapic carbonate comstituents was greatly diminished, and current

re-worked, bedded dolostone units are a conspicuous component.




4.6 CONGLOMERATE

Introduction .

The relative abundance, sedimentologic styie, and composition of
carbonate conglomerates changes stratigraphically through the
Northern Head group. In general, conglomerates decrease in
abundance and thickmess upvard. The stratigraphically highest thick,
polymict conglomerate occurs Iin the bagal Ordbvician and overlying
conglomerates are generally thin and commonly locally-derived. Beds
of conglomerate dominaée some intervals withln the Cambrian part of
the Cooks Brook Formation. ‘Two such intervals, the Halfway Point
member 'andl the Brakes Cove member, are consldered to ho- sufficiently
distinetive and correlatable to be of stratigraphin use,

»

-

4.,6.1 Conglomerates of the Halfway Point member

In the type section, the Halfway Polnt member s roughly 120m
thick and dominated by conglomerate (Chapte;-J; fig 3-4). Eleven
major, individual conglomerate units, of varlable style and
thickness, constitute this interval. The conglomerates can be

broadly chhracterizéd as 1} well-hedded, or i11) chnotic. At the bha-o

of the Halfway Point member are several beds of platy conglomerato 1

to 2m in thickness. These dre overlaln by a roughly 50m thick,
\Ehaotlc, matrix-rich boulder conglomerate. The upper part of the

member 1% composed of several conglomerate beds, 2 to 10&1thick, of
. variable style and matrix content. Interbeds of parted }ime .

gralnstone and nodular ;o ribbon limestone separate conglomerates

throughout.
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“Well-bedded" conglomerate unite range in thickness from 1.5 to

4m and generally display sharp, planar lower and upper bedding
contrcts. Sorting is usuﬂily moderate to poor and grading is not
evident. The amount and type of matrix is highly variable, even -

between adjacent conglomerates. In some units matrix is sparse

(foughly 5%) while Iin others it 1s abundant {roughly 20%), In w

peneral there is an-upward increase in matrix through individual
beds. This is particula;ly evident whgxé the matrix contains
abundant silty dolomite and is transitional upward Into a silty
dolomitic cap, up to Scm thlck, which overlies several of these
units. Conglomerate matrix is generally composed of grey to Ereen
mudstone, with a variable silty aolomite component, which in some
beds comprises most of th; matrix.

Clasts ramge in size From pebbles to boulders. Glast shape is
va?lable. and dependent upon lithology. Algal boundstone and oolitic
boulders are generally rounded, while most lime mudstone and some.
lime gratn#tone boulders are tabular,- reflecting the original thin-
bedded nature of these lithologies. Fabric is generally poorly-
defined @dtéln these units; even beds or portions of beds dominated
by platy clasts.display only a weak planar fabric parallel to
bedding and imbrication is extremelf rare,

Clast composition: The two principal clast types are lime

mudstone (30 to 45%) and lime grainstone, commonly rippled (25 to
45%). Clasts composed-of granule to pebble conglomerate are also
1oca11} abundant, comprising up to 20% of individual beds, The

distinctive components.of Halfway Pdint memher conglomerates are




4 L

4
“clasts of: 1) oolitlc limestone (5 to 15%), 2) white-weathering

. -

algal boundstone (tr. to 58) and 3) quartzose sandstong. These ' )

i .
11thologles are most abundant in the lower two thirds of the Halfway

Point member and absent 4n the uppermost beds. . " *

Oolites are predominantly oosparité. Ooids range from 0.4 to Zwn
in diamecer and are generally not flattencd. Cores are commonly

replaced by blocky, equant sp;}. The algal boundstone has a clotted .

texture, with structures suggestive of Epiphyton in less
recrystallized areas, and contains {rregular domains of micrite or

microspar. The sandstone ig a guartz arenlte, and is identical to

» - . .

that of the underlying Irishtown Formation.

- -

"Chaotfic" conglomerate domfrates the fedial portfon af the

Halfway Point member and is distinctive In & ways: 1) there ix a

-

very high prop&rtion of dark shale matrix, 2) internal structure is .
c&ﬁmnnly chaotic on a hand specimen to outcrop scale, 1) the
lithology includes large (3x10m) chaoticallf folded rafts of hedded b :

sediment (Plate 4-9a), and 4} the proportion of "exotic® litholoples

described above is greater than in nearby "well-bedded™®
conglomerates.

The matrix of this conglomerate Is black to dark grey, sllightly

calcareous mudstone (dominated by semi-opjque clay particles), whirch

commonly constitutes 40% of the rock. It locally contatns abundant
i

(up to 25%) angular ailiciclastic grains (predominantly quartz),
ranging from medium silt to fine sand, plua mica (up to 10%). A

M . . .
"swirling®” fabric, sugpestive of matrix flow 1s common. Where the

maérix is abundant, clasts "float™ within, and are locally injected

by (Plate 4-9b), a cleaved dark shale and the rock has the
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PLATE 4-9: CONGLOMERATE LITHOLOGIES: HALFWAY POINT MEMBER

a: "Chaotlc" ceonglomerate, Halfway Point member; note folded raft of
thin-bedded limestone (left), .

“h: Limestone clasts floatlng wici:in a cleaved shale matrix, “chaotic”
" conglomerate, Halfway Point member; note "pull-apart" style of ‘¢lasts
and matrix Injection (arrow, uppermosc right),

c: Base of individual “chaoric" conglomerate overlying shale-dominated
fnterval; verclcal planar fabric (roughly parallel te hammer) is
cleavage related to regienal folding,

o
d: Large bouldar of quartzose sandstone (ss, outlined) within Balfway
Point member cdnglomerate; sandstone is interpreted to have been

derived from underlying Irishrown Formation; hammer at top for scale.

e







appearance of a typical tectonically-formed melange. Pull-apart

structures ranging from ductile boudinage to brittle extension

fracture are e\h\denc in clast shape here (Plate 4-9b).

Clasts in most of this conglomerate are rounded and no fabric is
apparent. Within some domains, however, the align.ment of platy
clasts parallel te a ’pervas].ve phacoidal cleavage in the matri;; has
resulted in a pronour“u:ed planar fabrie. This fabric is axial planar
to the mesoscopic and macroscopic upright folds of the Cooks Brook
’ syncline (Chapter 2). Locally matrix cleavage can be seen to.
"overprint” a chaotic disposition of elasts, or crosscut crude
'Béd_(_iiﬁ.é,_f_eatufes within mal:r:.ix-rl;:h conglorpe‘r_ate (Plate 4-9¢) and
the planar fabric described is thought to be related to the
deformation which formed the Cc-aoks Brook syncline.

Ra;.'t.; of bedded sediment are generally thin-bedded to nodular
lime mudstone which range lr‘: size up to 3 x 10m. Numerous boulders
of algal boundstone and oolitic limestone, as well as boulders,
ranging .1n .size up to roughly .75 x lm, of buff-lweachering quartzose

sandstone (Plate 4-94d) 'are, also present within the chaotic

conglomerate. . o -

4.6.2 Conglomerates of the Brakes Cove Member

Like the Halfway Poinc mem{be:-', the Brakes Cove member.overlies

the transitional base of the Cooks Brook Formarion. In areas where

the Brakes‘ Cove member {s expcsed, however (Chapter 3), underlying
and -associated beds are thin-bgdded and shale-dominated. At the

transitional base of the member conglomerate beds are thin, 20 to

30cm in thickness, distinctly lensoid and surrounded by shale.

206




PLATE 4-10: CONGLOMERATE LITHOLOGIES: BRAKES COVE MBR.,
- GRANULE CONGLOMERATE- (Middle Armn Pt. Fm.)

&

.

a: Lensoid congllomerate bed within Brakes Cove member; Northern Head:
top to right : '

b: Individual conglomerate bed within Brakes Cove member displaying 3
*subunits": 1) basal matrix-poor Interval, ii) Intermedlate matrix-rich
Interval, and 111) upper matrix-podor interval; Northern Head section,

c: Photomicrbgraph(s) of Girvanelia algal structure within a rounded
grain contained within granule conglomerate of the uppermost Middle Arm
" Point Formation; left portion of photograph 1s detail of right. Scale
bar on right 1s lmm, on left is .2mm.
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Cqmp‘osi‘tionally they are domlnated I pebbles of lime mudstone.

Above this interval conglomerate beds range from .5 to 2w in |
thickness are distinctly lensoid (Plate 4-10a). Thesa units are
com[;osed of lime mudstone and lime grainstone pebbles to cobbles.
"Exotic” lithologles are a very minor comppnent: both white-
weathering algal boundstone and sandsto::.e are absent and ool_ltic'
limestone 1s rare. Conglomerate composition and fabric ls'varlnble,
both between adjacent beds and withi{n beds. Tabular cl‘asts, which
domi!‘lﬂtt‘z some units, are generally composed of lime mudstone and
fine lime grainstone. Coarser lime gralnstone cobbles are gcnerally
* the best rounded an;:l it is these which yield ;nost of the trilobites
in the Brakes Cove menber (Chapter 3). Individual beds comprise up
to three subunits which displey a slightly different clast
coqposit_ion snd\'iproportion of matrix (Plate 4-10b). The boundaries
of these subuhir.s‘ are irregular and it is not clear whether the hed,
as a whole, Is a "welded" composite of Jlacrete deposits or a sinplec
unit, differentiated during deposition. : -

The matrix of these conglomerates s grey to green mudstone with
vériable proporti_ons of silty.dolomite. The ﬁercentage of matrix is
generally low, ranging fror_n 5 to 158, Several conglomerate beds arc
capped by thin (1 to 3cm) intervals of rippled lime grainstone.
Ot\rlgiomeratés ;::f the Brakes Cove member are 1nterb33dded with green

shale, thin beds of lime gr¥instone, nodular lime mudstone and

ribbon limestone.




4.6.3 Upper Callnbrisri' co%ﬁﬁmerates '
! _ -
The Brakes Cove member {s overlain by a thick interval of

calcarenite, described in a preceding section. This _sequence
contains numerous 'thin, localized conglomerates throughout,
intimately associated with .calcarenil_:e beds and previcusly di_seussed
in the Calcarenite section, At Seal Cove a conglomeratie interval

T similar to the Brakes Cove member occurs within the overlying shale-

dominated sequence. Congldmerates here differ from the Brakes Cove
member conglomerates only in that they are finer-grained (composed

predominantly of pebbles) and thinner (less than .75m).

4.6.4 Basal Crdovician conglomerate

This 18 an {sclated, Zm thick c::mglomerate which occurs within a

L

sequence of parted to ribbon lime grainstone at Northern Head. The

bed displays sharp, planar lower and upper contacésﬁ Clast si}o/}
ranges from pebb.le to boulder and grading is not evident. .
Composition i{s different from conglomerates of the Brakes Cove
member in the increased percentage of ocolitic clva—;ts (roughly.IIS%)
and Iin the appdarance c;f quartz-bearing lime grainstone clasts

(15%+); this lithology appears in thin to medium beds immed.ihtely

below this conglomerate,

4.6.5 Middle Arm Point Formation

Two types of conglomerate are present within the Middle arm . .
Point Formation: 1) pebble to cobble conglomerate, with abundant Lo
lo;:ally-darivad clasts, In the lower purt' of t.he‘ formation, 2j thin- -_ . L
bedded granule conglomerate 1n the uppermost part of the formation, - . :

L]
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4.6.5.1 Lower conglomerates

— . " .
The first conglomerate lmmediately overlies the Woman Cove
member at North Arm Poinc. It fs a 1.5m thick unit composed of
pebbles “to cobbles of allty dolestone (_30%5 and green shale (30!)\:

both commonly soft-sediment deformed, plus iime mudstone ("1‘3&) and
lirr;e grainstone (10 to 15%) in a matrix of green shale. The clasts -
of silty dolostone and green shale, and ché_;matrix, are derived
divectly from the l;rgderlying Woman C.ova member. The unit has an
irregular lower beddi_ng'contact and planar ;spper contact and {5 of
equal thicknéss over the outcrop area. This.urdt Is correlared with
2 similar conglomerate exposed on Eagle Island which is very simflar
in composition, .and contains abundant green shale clasts. The Eagle
Island conglomevate bed, however, is separated from the Woman Cova--/}
member-by a roughly 15m thick interval of green and hlack shale.

A distinctive conglomerate, with some simllar characteriscics,
occurs in deformed strata between No;thern Head and Overfall Brook,
The stratigrapl.'zic position of this unit {s uncertain, but It occurs
within lithologies mapped as deformed lower Middle Arm Point
Formation, 'I'hié .conglomersu‘a 1s on average .5m thick and of
irregular thickness over the 10m of exposure._.‘It: i{s characterized by
1) an abundant green ghala matrix {dpprox. 30%), 2) the predominince
of very well foutnded pebbles with Ecatl;ered angular boulders and 3)
the presence of e]._ongalt':eT soft sediment-deformed green shale hlocks
up U’ .2 x 1 in size. Pebbles are predominantly green shale and -

lime mudstone. The boulders are coarse sand to granule conglomerates

composed of very well rounded algal grainstone. Nula and Epiphyton
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Another conglomerate, with some similar characteristics, occurs
;ithln a shnlé—domlnated interval, stratigraphfcally higher in the
Middle Arm Poinc Foématidn, at Black Point (Port au Port Bay}. This
untt is ;oughly 1lm thick and is characterized by an abundant green
shale matrix {(approx. 4Q%), containing very well rounded pebﬁles,

composed ﬁradominantly of klack, phosphatized lime mudstone and

‘chett. The bed demonstratas irregular, gradational boundaries with

the surroynding green shale.

\Ppproximately 8o stratigraphically lower in this section is a
diff;rent conglomerate which ia distinctive in composition. It is a
30 to 40cm thick pebble conglomerate with an irregular base and
planar'top. cabpedlﬁy a llme grain;tone several centimerers thick.
The matrix l; composed of lime grainstone and is relativaly sparse,
comprising rouéhlyflOt of the conglomerate. The pebbles are composed
of ilma mudstona (308), lime grainstone (25%), black, phosphatized
lime mudstone {20%), chert (predominantly green; 20%)} andluniquely
igneous: (gnelssic?) lichology (<5%). Many mlcritic clasts display
“gtructure grumuleuse” and.where these are only slightly
racrystallized Girvanella can be resolved. In a few calcium
phosphate clasts a relie structure strongly suggestive of Girvanella
tubules, within an overall faintly clotted fabric, can be seen. This
suggests that these clasts formed by the phosphatization of algal

boundstone,

h

Y
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4.6.6 Granule conglomerates of the Middle ﬁéﬁ Point Formation

Thin beds of carbonate granule conglomerate are a volumeﬁricallﬁ
small but conspicuous component of the uppe} part of the Middle Arm
-Point Formation and lowermost part ('51uﬁp and InjJection™ interval)
of the Eagle Island Sandstone. These beds commoﬁay occur ag {solated
units within shale-dominated {ntervals. They are generally 3 ro 10cm
‘thick, lensoid, and commdhly have an {rregular, channelized base and
planar top. Most beds display normal grading. These units are
locally overlain, Iin welded contact, by 1 te 2cm units of rippled
silty dolostone. Abundant granules of black phosphate (ranging up to
15%) are abundant.

: Most granules are ve;y well rounded but some display an

. irregularly scallope& prafile which appears to be the result of very
late dissolutlion assoclated with stylolitization. The components of
these granule conglomerates commonly include the following, in order
of relative abundance:. .

»

£
1) Algal-dominated grains which range from biosparite to 5

biomicreosparite to blomlcrite. Girvanella is the most common olgal
component and can be .clearly observed, commonl} surrounded by
micrite, in grains which have been little recrystallized (Plate 4-
10c). A similar characteriscic fabeic implies the presenc:.of
Girvanella in more highly recrystallized grains., Similar examples of
Epiphvton are less cormmon and Nuia occurs as an accessory component
in some samples.

LY

2) Bloclastic debris is dbminated by rounded pelmatozoan grains,

Trilobite and brachiopod fragments are a common accessory component

and constitute up to 15% of some samples.
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3) Phosphate grains are semi-opaque and brown to green in plane
1ighe. Hicroanalysil indicates that these are carbonate
hydroxyapatite (collophane) (cf, Nriagu and Moare,1984). They occur
48 both well-rounded and irregukar grains which have been ducciley
defo;pad and squeezed around other'grains?ﬂfhe latter grains, in
pﬁrtlcular, commonly display included, euhedral cryagals of non-

ferroan dolomite, up to 30 micrometers, scattered throughout.

4) Micrite grains with siliciclastic silt are generally well-rounded
and composed of featureless micrite with rounded to angular silc
grains of quartz and feldspar dispersed throughout.

5) Siliciclastic components range in size from angular s{lt,

distributed throughout the matrlx, to well-rounded coarse sand.
Quartz, and lesser amounts of feldspar, are the two principal

components.

6) Chert and intergrown dolomite grains are an important accessory 1

* component of many granule conélomerates. These grains are generally
very well-rounded and constitute up to 5% of some samples. They are

the same distincive grains whieh occur within dolostone units at

roughly the same atratigraphic interval. They have been described

and illustrated in the Dolomite section, where their interpreted

/

significance 1s dlscusadd,

) The matrix of these granule conglomerates constitutes 25 to 40%
of individual samples. It 1is generally composed of green, chlotite-
rich mudstone and cﬁmmonly containg abundant silt-size dolomite,
quartz and feldspar. It is clear in one sample with particularly
abundant mat®ix that this has baen derived from the compaction and

L]
-
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melding of numerous soft gralns-of mudstone, initially 2 x .5 mm in

size. .-

Dolomlite within the matrix of these conglomerates
generally displays the abraded core and ferraan overgrowth

typical of Middle Arm Point dolomite (reéfer to Dolomite

section).

4.6.7 Iﬁterpreted depositional pechanisms of conglomerates

4

Conglomerates of the Northern Head group clearly represent
gravity deposits and broadly demonstrate many of the
characterlstics of debris flows. Variaﬁllity in sedimentary style-
and composition suggests differences in source area, depositional
2//’ mechanisms and depositional setting.

Five principal types of conglomerate have been recognized {n the
. Northern Head group:

1) Chaotic, matrix-rich conglomerate of the Halfway Point membe ¢

T

Characteristics:
i) asbundant matrix which is very similar to shale of .the

. underlying uppermost Irishtewn Formation -
4 .

[

ii) abundant "exotic® clasts, In particular blocks of the
underlying Irishtown sandstone '
11i) large folde? rafts of bed&ed sediment
iv) chaotic fabric,
Interpretation:
The characteristics of this cqqglomérate broadiy fit the

definition of a debrils flow 1l.e. the deposit of a sediment pravity
s

flow in which claats have beenssupporcted by the finite yleld
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strength of the matrix, grain interaction, pore’fluid pressure and
buoyancy (Middleton and Hamptoh, 1973; .1976; Schultz, 1984). The _-
chaotic Fabric #nd presence of folded rafts of bedded sedi?enc'
Suggest-cha; processes of slumping were operative in the deposition
of this conglom;rﬂte. The p;esence of Irishtown sandstone within the
lower pdft of this deposit suggests basal erosion, uh]hh may also‘
have been responsible for the incorporation of large amounts of .
Irishtown shale as a matrix. The other "exotic" clasts in ;his
conglomerate are thought to be derived from the shallow water
platform margin (James and Stevens, 1986), This unit qtsplays many
of the characteristics of the "chaotic slump deposiﬁs“ (Facles F)

deacribed from slliciclastic submarine fan deposits by Mutti and

Riccl Lucchi (1978). :
-

2a) Thick, planar-bedded, non-graded conglomerates
Discributlon:

These occur In the lower and upper portion of the Halfway Point
mémber,-in the lowermost Ordovician.

Characteristics:

1) sharp, planar upper and lower bedding contaEF; o
11} broadly lensoid over distances of roughly 10m

111)'n;t graded

iv) varlébla amounfs and typ; of matrix ) -
;w) varlable clast composition (tabul;r vs, roupded).
Interprecation:

The characteriatics of this congldmerate £ype closely fit the

"classic" debris flow deposit (Middleton and Hampton, 1973; 1976)

“
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which has been been studied in more detail, and more Eiﬁaly‘

subdivided, in the Cow Head Group (Hubert et al., 1977; Hiscott and
?

n .
James, 1985; Coniglio, 1985; James and Stevens, 1986). This

conglomé;ate type has been subdivided by James and Stevens (1986)
baséd upon variations in clast type and bedding style.I but such
detail is not considered warranted }n this study. The generally
thick and planar«Bedded nature of these conglomerates® is suppestive

of a more sheet-like geometry compared with 2b) below,

2b) Lensoid, pebble-dominated, non-graded conglomerates
Distribution: t
These units appear most prominencly in the Brakes Cove mpmﬂor
and theloverlying conglomeratic interval at Seal Cove.
Characreristics:
1) generally thinner than 2a) above
11) dominated by pebble-silzed clasts
ii1) d;sflnccly lensoid geometry.
" Interpretation:
These units may be gradational with 2a;, but thelF character is
sugges&'e of a more localized and {uteraittent style of Zeposition.
They are similar to the "limestone chip conglomer fﬁ?ff Hls;otr and

James (1985), which Herehlnterpreted to feprﬁsenc -

debris related to a single flow,




3) Conglomerates of the Upper_ Caﬁbrian lime grainstone interval

(sea dlgcussion in Calcarenite section, this chapter)
Characteristics: |
1) generally thin (10 to 30cm)
i1) highly lenseoid, with irregular, channelized base downcut into
underlying grainstone and cqmonly flat .l:_op
111.) low clast diversity; dominated by tabular pebbles to cobbles of
surrounding .lithology
iv) generally matrix-poor.
Interpretation:

This style of conglomerate is interpreted as locally-derived,
channelized debris flow deposltion associated with minor
progradational events in a turbidite-dominated interval.

4}y Shale-rich conglomerate {(lower Middle Arm Point)

Characteristics:
1} abundant clasts of shale, and shale matrix
11) abundant silty dolomite clasts (locally-derived)
111) broeadly channelized base |
iv) not graded.
Interpretation:
This conglomerate type displays’ maﬁy of the characte‘risticé of a
debris flow d-eposit, but s unique- in that it-has cilearly eroded and
# incorporated underlying lithologies and contair;s a markedly
5 'diml.ni_shac.l percentage of other 1itll\mlogies derived fror_n ;Jplslope. It

is regarde& as the product of a more localized style of -debris flow

depositlon.

218




5-) Granule conglomerates of the upper Middle Arm Point

Characteristics:

i} isolated within shale-dorlnated intervals

11) i.:ery thin-bedded (3 to 10cm)

111} highly lensoid; channelized, irregular base and flat top
iv} commonly display normal grading

-¥) locally display rippled silcstone ca-ps.

vi) component grains’'well-tounded

vil) abundant algal grains; phesphate.

Interpretation:

The grading and. scoured base commonly displayed by this

conglomerate type are not consistent with deposition by simple
debris flow, such as the conglomerates described above. These unlcs
may concelvably represent *distal debris flows™, as described by
Shanmugan and Benedict (1978) but are thought to most clesely

tesemble turbidites.

4.6.8 Further discussion of conglomerates: depositional setting and

compositional variation

4.6.8,1 Significance of c&lmpositional variation

Reconstructions of the Cambrian carbonate platfor’m margin
{James, 1981; James et al., 1983, James and Stevens, 1986} indicate
a setting domlnated by stacke;i oeld sand shoals and calcified algal
bioherms, so that the "exotic" lithologlea described in this section
are regarded as direct input from shallow water. White-weathering

algal boundstone clasts -are confined to the Halfway Point member,
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(upper Middle Cambrian), the strat_igraphically lowest conglomerate
in the Horthern Head group. A similar distributi;n occurs. {n the Cow
Head Grou{(dames and Stevens, 1986). Oolitic limestone clasts are
relatively abundant in the Hal fway Point member, sparser in the
Brakes Cove menber and reappear in their highest stratigraphic
occurrence in the lowermost Ordoviciz-m conglomerate.

Phosphatized clasts are conspicucus constituents of
conglomerates in two intervals: 1) the lawermost Cooks Brook
Formation and {i) Ordovician conglomerates generally, and <
specifically granule conglomerates in the uppermost Middle Arm Point
Formation. In the firsc case, pebb'les are phosphatized shale,
_commonly consplcuous as tha only component in this lnter\:ral to
escape extenslive replacement by pyrite. In the Ordovicilan, pebbles
and granules are phosphatized limestone, as dIlscussed previously.
.Conglomerates in the lower part of.the Middle Arm Poiﬁt-
Formation contaln a high percentage of locally- derived shale matrix
and 1oca11y derived clasts, and reflect the overall pattern of
decreasing input of shallow water‘llthologies in the Ordovician,

The localized occurrence of gneissic cl'asts at Rot‘:ky Polnt. (Porc
au Port Bay} is .anigmatic, but appears to reflect the localfzed
unrcafing of c;ystalltne basement, possibly related to (Arenig)
t'alrlt:lng along the platform margin.

The granule’ conglomaratels, of the uppermost: Middle _Arg, Point
Formation are remarkable 1n the!lr delivery of clearly shallou water,
algal-doninared lithologies into 4 shale-dominated parp of the |
section, }rinadl.ar.ely underlying che s'nndstones of the Mland ’
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Formation. These granule conglomerates represent, in a sensa, the
final input from the carbonate platform Into a "starved” or "distal"

type of depositional environment, and- hence may represcnt tectonic

instability on the margin immediately predating sandstone

+

deposition.

4.6.8.2 Postulated relationship of the Halfway Point and

{
Brakes Cove Members

As has been pointed out In Chapt:,er 3 (Stratigraphy), the Halfvay
Polnt member and Erakes Cove membér both ove;rlié the transicional
base of the Cooks Brook Formation, but are of different age and
different sedimentologic style. The Halfway Polint member comprises
) type 1 and type 2 conglomerates., interpreted as erosive slulmp
deposits and debris flows. Moreover the Halfway Point member {is
characterized by its consplcuous shallow vater-derived components
while the Brakes Cove member contains appreciably fewer such clasts,
This suggests that debosition of the Halfway Poinc member took place
on some kind of depositional "axis" or depocentre which prqmotcd the
early onset vQf a coarse, ”proximai-style“ of sedimentation which
recelved appreciable 1nﬁut of sediment from shallow water sourgcs.
The localize.d nature, erosive style of deposition (i)resence of
sandstone boulders), and construction of the Halfway Polnt member by
processes of large-acale slumping and re-lterative debris flow
emplacement are consistent with deposiction In a channel or possibly
submarine canyon setting (cf. Stanley and Unrug, 1972; Normark,
1974). The Brakes Cove member, on the other hand, appears ro have

™

been in an "off-axis” setting, which received redeposited carbonate
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Figure 4-4

Schematic illustration of the postulated relacionship betweengHalfway

Point and Brakés Cove members (in the lower part of the GCocks Brook
Formation).

o







sediment lster, in the form of.(t:)q;é 2) debris flows, _generally’ '
thinﬁar and finer and with much less shallow water input. The
postulated relationship of these two units Is summarized in figure
4-4. It 16 possible that the submarine topography which exis.ted at
the end of Irishtown deposition influenced rhe onset of the Cooks
4 Brook sedimentation, .ﬁlthbugh the depositional setting of the
Irishtown Formation has not been studied in detail, bedding styles

and overall geologic setting are not inconsistent with a submarine

fan setting {James and Stevens, in prep.). In this case, 'a submarine
canyon within a pre-exiating (Irishtown) depocentre may have acced
as a natural conduit for early, erosive, x_a.ﬁd slump-dou;inated
deposition of thy Halfway Point member while the Brakes Cove member

was deposited later, off-axis, in a lower-relief secting.
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EAGLE ISLAND FORMATICN

+

Introductiof

The detalled sedimentology of the Eagle Islhnd'-formatior; is

outsia; the” scope of this study. A generalized descriptien and
diseussion of selecte;i aspects a're provided here, sinte they pertain
to the depositional setting of the uppermost Middle Arm Polnt
Formation.

The Eagle Island Formation is 203m thick in the type sectlon at
Mlddle Arm Point (Chapter 3), which represents-a minimum thickness
since the upper bouqdary i1s everywhere tectonic. The base of the
unit commonly comprises an interval of sandstone injectlions wilhin a
(Middle Arm Point) shale host.?‘lﬂs also includes sandsto:‘m beds
(genefally less than 40cm) which demonstrate grac{ing and a vertical
sequence of sedimentary structures which suglgesr. that they are

turbidites. This basal Interval-1s overlain by a variety of bedded

‘sandstones, slltstones and shales.

4.7.1 "Slump and injection" interval

The basal portion of the Eagle Island formation {s usually an
interval of: 1) folded and rotated blocks of uppermost Middle Arm
Point sedlments (Plate 4-1la) and 11) widespread injection with
dykes and sills of sandstone (Plate h-llt:_). Sandstone injections are’
locally folded and rotated but also crosscut folding, indicating
thaf injection and early deformation were coeval. Sills‘, generally

range from 20cm to 1l.5m In thickness, while dykes attain a maximum

thickness of 15¢m. The recognition of si{lls is based upon their 1j~
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PLATE 4-11: EAGLE ISLAND FORMATION: FEATURES OF SLUMP AND
* INJECTION INTERVAL . a

A\v
‘\>\ Folded and rotated blocks of shale vithin basal “slump and .
injection” tnterval, Eagle Island formation; angular dfscontinuity ©
(arrows) separates a rotated shale block from overlying interval wich
abundant siltstone and ‘sandstone.

h: Sandsctone 5111 (s) and dyke (d) crosscutting bedded interval of
silrty doleostone and ghale ; “slump and injection® interval, Eagle
Island formation,. -

3 .
c: Uppermost Middle Arm Point Formatien (lower left, up to arrow} and . )
basal Eagle Island formation at Middle Arm Point; black unit behind s
figure (s) is highly lensoid in nature, and interpreted as thick sill

at base of sandstone.

d: Cently dipping and virtually undeformed Fagle Island formation

(E.'I.} overlying chaotically faulted and folded Middle Arm Point

licthologies (M.A.P.); arrows indicate contacct; vicinicty Overfall Brook,
- north shore of Middle Arm. .







consanguinity wvith clearly crosscutting dykes; 2) complete lack of
internal sfructure, 3 sharp’and planar bounding sgrfaces, &y

M -

;hrked lateral thickqess variation, {.e, abrupt disappeararke of .
1.5m units oveé several meters with no evidence of assoclated
,éhannellng and 5) abrupt chﬁhges or "steps” 1in local stratigraphic
position (¢f. Hiscott, 1979). A particularly thick (maximum 5.2m)
sandétona unit occurs at the base of this inte;val at Middle Arn
PLiﬁt (Plate &4-1lc) and contains an isolated lm x O.4m size bloEk of
\
the host green shale and silty dolomite "fleating” within It. The
depositional mechanism of this unit {s somewhat enigmatic, but (t
satisfles all of the above criteria and {s tentatively regarded as a
sill.-Slils over 3m thick h;:e been reported from a similar setting
in the Ordov{cian Tourelle Formation of Quebec (Hiscott, 19?9)1'
This Interval is highly variable 1; thickness; 36.7m at Middle
Arm, Point, approximately 75m at Black Brook Nor;h, 5.4m at Eagle
Island North, approximately 60m in a fault-bounded unlf east of

Northern Head, 4m at Cape Split and 8m at Grassy Cove. Elsewhere, at

Black Peint (Port au Port Bay), Eagie Island South, and North Arm

.
~

Peint the Higgle Arm Peint Formation 1s directly overlain by bedded
sandstone; the slump and injection Interval is absent.

The contact between the basal Eagle Island formation and che
underlyiné Middle Arm Point Formation is Almost everywhere

gradatisnal, and the boundary between the two is placed at the firsc

occurrence of sandstone (Chapter 3). .
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?Slump-related deformation of the Middle QEE.Poiﬁt

An enigmﬁfic but importané contact between the Eagle Island
Form&tiop and deformed HlddleIArm Point lithologles 1s prominently
exposed in a cliff on the north shore of ‘Middle Arm, roughly halfway
between Overfall Brook and Northern Head proper. Here{ hently
dipping arfd virtually uﬁdeformed conglomerate, sandstone and shale

of the basal Eagle Island formation sharply overlie extensively

faulted and chaotically. folded parted lime mudstone and shale {(Plate
A4 -
4-11d). These deformed lithologies are most similar to the uppermost

Middle Arm Point interval at Woman Cove but also contain

stratigraphically lower slements viz. the North Arm Point member
"sliver" reférred to in Chapter 3. This contact dips Eently eastwnrd
and 1{s exposed on the shorellne several hundred meters to the onst;
h immediately west of a thrust which juxtaposes deformed Cooks Brook
- 1ithologigs and tAose just described. The sandstone/shale Interval
at the base of che Eagle Is}ana formation is here thrown into"t]ght

to lsoclinal east-dipping asyﬁﬁetric folds associated with the

thrust deformation and this style of deformation is widespread along

"this portion of the shoreline (refer to Chapter 2). 1t is this -

deformation which makes the above-described contact enlgmatic, since
i1t 1s unclear whether the contact is 1) purely tectonic and probably -

assoclated with the thrusting eplsode, 2) deposicional ovr 3)‘

depositf:nal, modified by tectonism. If it {8 purely tectonic then a

-

younger unlt (Eagle Island Sandsctone) has been emplaced upon older

(Middle Arm Point) lithologles along a (presently) gently dipping

surface, and this implies local complexities in the thrust

mechanism. Late valning is noted along the contact, where it can be
. \ ,

} .
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reached in the cliffside away from the thrust. Glven the marked
contrast between chaotlcally deformed. 1ithologies below the contact
and virtually undeformed basal Eagle Island interval above the
contact, away from the thrgst, houeJer, ?ptions 2) or 3) scem more

likely. This suggeﬁts’that locally the basal Eagle Island formaticn

interval was deposited upon already deformed Middle Arm Point

l{thologies,

The cop of the "slump and 1njeétion" intervdl is most J
commonly gradatlonal, with chaotic deformation decreasing upward
]
while the relative proportion of sandstone beds which demonstrate

scoured bases, grading and other Iinternal structures Iincreases to

100%. At Middle Arm Point, however, and immediately to the south ar

Black Broock Nerth, the top of this interval is an angular
discontlnuity, where chaoclcally folded shale, dolostone and chert
is sharply overlain by an undefofmed interval of thin-bedded
sandsténe or silestone (Plate 4-+12a), which pa;ses upward into
thick, massive beds ¢f coarse sandstone.

. . el
Basal Eagle Island formation interval: imterpretation

The combination of éhaotic deformation and coeval cliastie dykes
and aills which characterizes the basal Eagle Island Sgndstone
interval sﬁggests that it originated by processes of slumping and
liquified injection of sandstone dqringfqhe associaéed pha:e of
rapid loading. The presence of sandstone turbidite beds throughout

the interval indicates that “"normal® submarine sedimentation of

sandstene was ongoing during this episode and (t is these beds which




PLATE 4-12: FEATURES OF THE EAGLE ISLAND FORMATION
. 3 -, -

a: Upper contact of "slump and in]ection” interval, Basal Eugle Island
formation, Black Brook North: note ‘chaotically folded interval'belou
contact (lower left) overlain by undeformed sandstone with flute casts.

~

b: Thin, lensold channel (arrow) containing 7tuffaceous grains within
shale/silcy dolostone interval of basal Eagle Island formatioo; note
sandstone dyke (D) on left,

¢: FPhotomicrograph of embayed, euhedral crystalline quartz grains, .
displaying resorption features, surrounded by chloritic shale: sample’
from lensoid channel illustrated in preceding photograph; scale bar s

lmm.







may have provided a source of subsequently remobilized sand. The

varfable thickness (and local absence) of the Interval throughout

the area suggests that slumping was localized and‘may have responded

to local variations-in submarine topography. The Cverfall Breok area
exposure indicates that slumping predated sandstone dep;’sitinn

1;3cally, where 1t was responsible for some of the deformation noted
within th; upbermost'ﬂiddle Arm Point Formation. The angular

>
discﬁntinuity described above locally defines a sharp top to this
basal "slumped and injected” interval. ‘

The same depositional mechanism has been sugpgesred by Hiscott
{1979} t"or a similar inte-r:val at the base of the 0.rdo;.r1c1.an Tourelle
Sands.tone In Quebec. He suggested that liquefaction was facilitated
by leading and compaction under a clay seal during slumping. He

further suggests that similar processes did not oceur higher in the _

section due to the absence of an effective permeability seal.

4,7.2 ?Tuffaceous channels within the basal interval

Sparsely scattered throughout shaly portions of this basal
.interval (at Grassy Cove, Eagle Island North and Middle Arm Point)
are thin, highly lensold scours, generally 1 to 2cm thick and .
roughly 15cm. in lateral exter'zt (Plate 4-12b). These are defined by
the Isubtle contrﬂsﬁof.their (medium) sandy mud £i{ll and the
surrounding host shale. Shale within the "channel {s eithexr of the
same (commenly pgreen hue). as the host shale or darker gr-een.‘but is .
indistinguishable, and commerly chlorite-dominated’, in thin section.
The distinctive aspect of these units Is the nature of the component

sand grains. These include feldspar grains, but are otherwise
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doeminated by pristine quartz particles which displray beta quart:z
crystalline‘outlines, resorpticn features and inclusians (Plate 4-
12¢} which are- characteriscic ofl;ro;canic tuffs (Blatt et 4TI,
1980). Evidence of volcanism-at:. this time (middle Arenlg) has not

previously been reported from the Northern Head group or Cow Head

Group.

4.7.3 Overlying bedded sandstone, conglomerate and siltstone

Overlying bedded unfts of the. Eagle 1sland formation display a
wide variety of lithofacies which can be broadly characterized as :

1) thick massive sandstome (including conglomerate), 2) medium-

bedded sandstone, 3) siltstone-doninated intervals and &) shale-

dominaced interbeds.

4.7.3.1 Cene;'al Aspect -

1) Hassive sandstones are impressive and appear in units 30m to 70m

in thickness, vhich commonly display amalgamation of individual beds
5m or more in thickness. Other internal structure is rare and even

F

bedding 1s difficult te identify within the center of these units.
Ihe/y are composed of generally sub-angular, co;rs,e sand to granule,
quartz-rich sandstone. The base of each unit is highly irregular,
scoured and dlsplays a ';rariety of saie-marlLings dominated by large
flute casts. Seatterad conglomeratic intervals occur, frequently
near the base, and contaln angular clasts of chert, green shale and
dolostone (_rarely limestone and m;ver red shale) cl'early derived

from the underlying Middle Arm Point Formation (Plate 4-13a).

Because of the nature of the exposure, the geometry of these
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PLATE 4-13: FAGLE ISLAND FORMATION LITHOLOGIES

s

a: Conglomeratic sandstone with angular clasts of (Hiddle Arm Point)
cherc (ch) and silcy dolostone; Eagle Island North.

b: Eagle Island Formation: interval dominated by medium-bedded
sandstone, interbedded with slltstone and grey shale; Whites Brook:
backpack {arrow) for scale.







units is rot clear, but they appear to thin laterally.

2) Medium- to thick-bedded sandstone appears in intervals 5 to 10m

" thick and consists of beds of greenish medium sandstone 30cm to l+m
thick, interbedded with siltstone and grey shale (Plate 4-11b),

Sandstone beds are normally-graded and the upward transition from

massive or ;irallel-laminated bases to ripple cross-laminated tops

suggests~parfial Bouma cycles.

3) Silestone-dominated intervals consist.: of 5 to 10em beds of

siltstone and very fine sandstone, cofmmonly parallel or ripple
laminated, interbedded with grey shale and displaying scattered
Interbeds of medium sandstone as above,

4) Shale-dominated intervals are of 2 kinds. The first is grey shate

with scattered siltstone interbeds which occurs 1r; intervals 2 to 5m
thick Intimately interbedded with sandstone. The clear association
with sandstone suggests a linked source. The second type {s red and
green shale, with scattered thin chert beds and is identical to
underlying Middle Arm Point‘shale. At Rocky Point (West Bay) these
J_Lntervais reach 30+m In thickness but elsewhere are generally less
than 5m thick. |

Bedded.carb-onate is extremely rare ui}:hin the Eagle Island
Formation but occurs in the type section at Middle A.rm Point -(flg 3-
10) within a siltstone interval immediately overlying the basal
"slump and injegtion” interval. Here an Bcm bed of limestone granule
conglomerate is capped by a Sct rippled dolomitic s@ltnone; Thin-
bedded lime mudstone and dolostone packages,  like those within shale
intervals in the .underly].ng Middle Arm Point Formation, are not

present. . \




.4.7.3.2 Coggoa)ltion : . 4

A limited petrographic survey of these sanfistones (3 thin
secticns) conflirms the abundance of quartz, as noted In the field.
iy I Quartz gfains are generally rounded to sub-rounded, prednminantly
’ ‘ monocrystalline, and' constitute 40% ofathe lithology 'on-average.
Sedimentary rock 'fragm;nts are not abundant, butl' the majority of

those Identified are quartz sandstone. Volcanic rock fragments,

commonly displaylng spherulitic or felted to trachytlc texture, 'are
generally the next most abundant component and constitute roughly
20%. These are lo-cally epldotized and are apparent in, the fleld as
bright gre.en graina In coarse sandstone. The percentage of .
plagloclase’1s highly varisble, ranging from less than 5% to roughly
20%. Orthoclase is a common minor compenent. Hicrocli'ne',
" constituting 5 to 10§ of the'rock, 1s ubiquitous. Detrital mica is
an accessory local component.

There are very few sedimen‘tary rock fragments which would
suggest appreéiabla Input Into the slsndstone.from erosion of the
‘underlying Northern Head group. In total, sedimentary rock ffagrnents
(excluding quartz) constitute 5 to 10% of the lithology and are
dominated by semi-opaque, phasphacize;l‘shale gralns. These (not
chromllto) ?roBably account for most of the dark grains evident in
the field. Fine to medfum quartzosa sandstone "grains are the next
‘mosl: lbu;’ldﬂ-ﬂt sedimentary rock fragment,

Accessc.iry heavy minerals have been 1dencified with the
aid of the SEM and EDAX. These are predominantly zircon °

with lesser amounts of chrome-spinel. .
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4.7.3.3 Paleocurrent directions

A rigorous exar-ni_na-tiqn of paleocurrent directions in tha Eagle .
Island "formation was not undertaken 1) béca_use it was"considered
beyond the scope of this project and 2) because of Inherent
anertainty in restoring bedding to sthe depositional attitude in
such ; complexly deformed study area. However, a brief survey of
paleocurrent directions was undertaken from selected sandstone
exposures to provide a broad indication of transport direction and
¥ts varlability. The orlentation of flute casts, and a few current‘
lineations were measured on the base of predominantly medlum- to
thick-bedded sandstones {total 2] measurements), and bedding was
simply rotated to the horizontal. Results are presented in Table 4-3

and Flgure 4-5 and indicate a general transport dlrection toward the

west, with a maximum toward the 5W.

4.7.4 Summary and Intlerpretation

At the base of the Eagle Island formation is an intcrvai, up to
at least 37m in chickness which is charactcrized by slumping and
clastic injectlons. This indicates that the end of thdle Atrm Polint
deposition and the Beginning of sandstone Ideposition was a perlod of
tectonle Instability. While the facies relationshipa within the

Eagle Island formatlon have not been examined in detall, the

lithologles describe# above are readily referable to the facies

generally recognized in a submarine fan setting (Mutti and Ricci
Lucchi, 1978; Walker, 1978, 1984), Sediment transport In the

Eagle Island formation was toward the SW and the suggestion of
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. Figure 4-5

Summary of paleocurrent directions (flute casts and current
lineations), Eagle Island formation; equal area rose diagram showing
number of readings for flutes, current lineations are shown as thin
arrows, Areas of data collection are highlighted by "boxes". R:fer also
to Table 4-3.

)







b .
Table 4-3: Esgle Island Sandstone:Paleocurrent directions
Locality Azimuth Comments
0 : L Pl L
Middle Arm Pt. 280
oo 210
" 204
, " 229
& " . 030 , slump & injection
Black Bk. N. 228 y
" ' 237
" 166/344 current lineation
" : 038/218 "
Whites Bk. 160/340 %
Eagle Is. N. 280 ( -
W 302
235
" 092 tectonic disrupcion
North Arm Pt. 100 n ’
. 260
" 276
" 227

Blk. Pt.(West Bay) 330
" 355
” © 1467326 _current lineation
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Stevens (1970} of derivation from a mixed source of silicic

intrusives, parts of an ophiolite suite and older, gquartz-rich

sedimentary lithologles (Summerside or Irishtown Formatlons?) seems

correct.




4.8 SEDIMENTOLOGY: SUMMARY AND INTERPRETATION

%

4.8.1 Carbonate margin-to-basin transitions: general

discussion ’

'

The term “platform margin” in this discussion 1s used to refer
to the seaward termination of platformal, shallow-water carbonate
sedimentation, bounded oceanward by a slope, which may be of

variable declivity, which passes oceanward into a "basin" or "basin

plain”. This use of "margin" 1s synonymous with "platform edga" in

_discussions where “margin; has also been used in a more general way

(James, 1982; James and Stevens, 1986) to encompass the entire

.

transition from platform to basin plain.
The transition from platform margin to basin varies with the

nature of the margin i{self, and the corresponding relief between

platfotrm and béstn (Wilson, 1975; MeIlreath and James, 1979: James,

- 1982; Read, 1982) Variations fn this transition have been broadly -

classified (James and McIlreath, 1979; James, 1982; Read, 1982) to

4

"include both "depositional®™ and "bypass” margins.

*1) "Depositional margins” are characterised by a gently inclined

L8 -
slope connecting platform edge and basin plain, and may witness

deposition anywhere on the slope. This style of transition is
broadly synonymous with the "non-rimmed homoclinal ramp” (Ahr, 1973:
Read, 1982; Cook, 1983),'whtch is5 generally characterised by broad,
gradational fag}es belts and the relative pauclty of mass transport
Rroeassas. This has also been modified (Rea&, 1982; Cook, 1983) to
include a "non-rimmed distally steepene&,ramp“ which displays a

I

shelf-glope break, focusing mass transport processes, in deep water,
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2) Higher relief "bypass margins" are characterised by a steecp 51051

and the accumulation ofsa wedge of ‘redeposited sediment ("carbonate .

base-of-slope apron®; Cook, 1983) at its basé.

4.8.2 Northern Head Group: General Depositional Setting

The Northern Head group {s dominated by redepoiited carbonate

and shale and was clearly deposited in the transitional zone between

a carbonate margin and basinal setting. The contained sediments

described in the foregoing chapter cover a spectum of gravicy
erosits and include debris flows and coarse-grained turbidites
{conglomerates}, carbonate turbidites (calcarenites and dolostencs),
muddy turbidites Icertain:shale intervals) and hemi-pelagites (lime
mudstone and certain shale intervals), Evidence.of gravity slide-
rela&ed truncation surfaces (Upper Cambrian calcarenite interval) Is
also present. Suggestions of localized current reworking have also
been noted (dolomitic®shale intervals within thé lowermost Cooks
Brook, selected silty dolostone units within the Middle Arm Point)
These lithologles, and their fnterpreted depositipnal mechanisms are
characteristic of overall deposition of the Northern Hend Group In a
slope'environment. A similar spectrum of lithologies has been
described from nuperous ancient (summarized or included in Cook and.
Enos,;lg??; McIlreath and James, 1979; Cook et al., 1983: Cook and
Mullins, 1983} and modern examples (ibid.: Schlager and Chermak,
1979; Mullins and Neumann, 1979; Crevello and Schlager, 1980;
Mullins, 1983) of deep-water carbonate slope environments.

Unlike many of the examples referenceq above, the Northern Head

group and Cow Head Group, transported sequences within the Humber’

r
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Arm Allochthon, are tectonically "{colated®, and cannot be directly
interpreted in the context of an adjacent platform margin nor basin

plain, Based upon Q_resent evidence, the Northern Head group may

iy

represent part of a "slope sediment apron" deposited on a
"depcaitional margin”, or part of a "base of slope ;fdiment apron”®
as a component of a "by-pass margin® (cf. James. and Stevens, 1986} .

Several lines of evidence suggest that the latter case is more

]
L 4

likely:
1) The Irishtown Formatian; upon which‘?‘le Northern Head Group is
déposlte , la considered to have most laikely b;a_en deposited in a
submarine fan setting (Chapter 3). Such deep-water deposition is
most commonly infitiated at a region of- decreasing slope, 1.e. the

’

base-of-slope or continental rise in a transitional oceanic setting

{Helson and N.ilse..n, 1974; Scanley and Unrug, -19%2).

2) Folded rafts qf thin-bedded lime mudstone within conglomerates of “o
the Halfway Point member imply the presence of fine-grained
sediments wupslope, separar:ing_ these conglomerates from thelir
shallow-water (partial) sour‘ce (cf. James and Stevens, 1986).

H Gent%y tnelined depositional 'rnarg,ins may vary te some degree with
slope declivity but generally displa} very broad, gradational facies
belts and are volumerica.l‘ly domi:lnated t;y argillacecus lime
wackestone and nwudstone vith few t;nd thin d\?:b'ris flows (Cook, 1983; -
Read, 1980; 1982), This conltz"asts with the abrupt vertical facies
changes and numerous debris flows within the Cambrisn portion, at
]:east. of the Northeyn Head group. Furthermore, in the case of
"distally-steepened homoél'inal r'a.mps";. the location of- the

.
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shel‘fbrt;ak in deeper water results i{n the domlnance of daep-uaﬁar-
derived slope components {(and corresponding paucity of shallow-
walter-deriv‘ed components) within mass transport deposits. The éloar
presence of shallow-water components ultﬁln the Cambrian (and
lowermost Ordbvi;:ian) debris flows of the Northern Head group also
mitigates -against deposition in this type of en_vironment.-

Hodern carbonate wedges (base-®¥-slope aprons) are comwonly 7 to
15 kn wide (Crevello et al., 1985), Comparable widths are described
in ancient examples (ibid,Y summarlzed in Cookl. 1983), but isolated
che;hnelized debris flows h been moted 50 km from the platform
margin in the Devonlan of cthe n (Cook, 1983). ‘Carbonate slope or

base-of-slope aprons may be broadly characterized (Cook, 1983a;
1983b) as either: 1) constructed by a number of eplsodic, single-
pulse, thick and laterally extensive debris sheets (cf. Hellreath,

1977). 2) reflecting the complex, non-systematic interplay of mass

transport processes, including the punctuated input of dehris flow

lobes, or 3) submarlne fan deposits (cf. Coaok and Egbert', 1961} . The

character of the Northern Head group does not reflect the sheet-]lke

nature of option 1, nor 1s it cglnsisl:ent:‘ with the systematic facles

.

changes demonstrated by submarine fan deposics. Rather," the Northern
Head group .Is best characterized as a carbonate base-of-slope apron

which réflegts. through its depositional hlstery, temporal changes

In the nature of the platform margin, - “ ' ’




- "

4.8.3 Temporal changes in depositional setting

-

Since sediments.deposited,in a carbenate élope or base-of-slope
apron are direccly derived from upsloi)e, these deposits reflect the

changing nature of the platform margin, which may be in turn

controlled by factors such as tectonic setcing and history and
large-scale sealevel changes (James, 1982; James and Mountjoy,
1983). The interplay of these factors may result in: 1) a.stationary
margin, which may evolve from "ramp” te "rimmed" s;:yle with
carbonate accretion over time, {if) an offlapi:ing or prograding
margin, 141) an onlapping or "backstepping” margin, iv) a drowned
margin, or v) an emergent_margin (James and Mountjoy, 1983). In the
final two cases, sedlﬁ:entation in a carbonate wedge domslé)pe from

the platfors margin will be restricted, and aspects of "starved

sedimencation® may appear. L

Within the Northern Head group, components derived from a

shallow-water plati:'ormal carbonate ser.i:ing have been identified and

a

include ooilds, calcified algae, bjioclastic debris, detrical .dolomite

and siliciclastic grains. Other components were deri\!ed from the
glope {tself, and include tabular clasts within cong'lome"al:e, matrix

components -within conglomerate: and a variety of intraclasts.

Terrigenous nud (shale) and lime mudstone are regarded as

nemipelagic deposits, which may have been, in paret, redepesited from

higher on the slope. Clear changes in depositional setting occur
- ¥ h
through the Northern Head group, and the salient aspects of -these’

are summarized below, ] ;




Cambrian .
1) Facles contrasts at the base of the Cooks BEook Formn.tion have
'l;een interpreted to represent the localized and punctuated onset of
mass transport-dominated carbonc;te' sedimentation. This could have
been 1nfiue-nced by the topography of the underlying Irisht.oun
Formation, where a "gullied" setting may have resulted in‘the
Initial deposition of isolated debris lobes (cf. Crevello et al.,
1985), an example of vhich is the Hal‘t:way-Paint membe:_r.' Th‘la

depositlon witnessed the direct- input of coarse, shallow-water-

derived sediment (boulders of algal boundstone and oolitic

carbonate),_which diminishes upsection. Meanwhile, cyc.kir_ shale

sedimentation, as muddy turbiaites, commonly organic _ca;bon-rich,
and pr(;babl); derived from the upper slope, commenced elsevhera, to
continue.sporadically through the deposicional histery of' the
Northern Head group.

2) Sedimentation in the Lat_e C;ambrian began with uidespread
deposition of relatively thin,'lensoid\ debris t'lc;ws (Brakesl Cove
member),. against bac;(ground sedimentation of shale and thir_l-be.dd_ed_
carbonate. This is regarded as the lasf eplsode of debris flow
construction of lateraily ext;ﬂ.nslve lobes in the Northern Head -

1

group and is pPresent in all sectlons except the farthest..southeast
(Halfway Point/Giles Point:).

3) In the northwest (Northern Head) sedimentation through the rest
of the Cambrian is dominated by thin to medius-bedded, relatively

coarse calcarenites, interpreted as turbidites, with scactered, thin

lensold conglomerates, tegarded as localized debris flows. These




turbidite; contain abundant sﬁa{lou-uater-derived ;omponents
(calcified algae, bioclastic debris, detrital dolomite). Evidence of
gravity slidlng, consistent with deposition in a slo.ptls setting, is
pregent in this intervel. To the southeast,.in general, shale is
more abundant through this interval. This {s, however, punctuated by
: &l:l interval of thin lensoid conglomerates, well-developed at Seal
Cove, temtatively 'cor‘related to those ath Woman Cove, and regarded as
a 1uc.;iized lobe constructed of thin debris flows. In c.he southeasrt,
the up;;ermosc Ca.mbriauﬁ is dominated by l%m‘e mudsteone rhythmites. The
Halfway Polint seé:l:i‘on Is hybrid, in chac It displays a .
' -

calcarenite/localized conglomerate interval similar to Northern

* . ¢

"Head, which passes upward into thin lime mudstone rhythmlces, This
Upper Cambrian 1nterval'r,ecards diminished input of coarse shallow-
water-derived méterial, but relatively continuous turbidite

sedimentation, and {s thought to reflect generally low relief but

stable conditions on' the platform margin upslope. Non-'systematic

bedding style changes described in the calcarenite interval may
represent minor progradational events. A marked increase/in the
quartzoge silt and sand component is noted in the calcare‘mi‘t:e
Interval here, and is Pparticularly coarse ln the northwest ;(Northern
Head'secti‘o:;). There is not a pronounced across-strike facies
contrast -through the- Cambrlan, but the characteristics describl;d
above suggest a northwest-to-southeast p'rox-imal-to-distal polaricy
in sedimel"ltation. The above-described aspecr;s of the Cambrian

- i

depositional setting of the Rorthern Head group are sqmﬁar-lzed in

f

figure 4-6.




Figure &4-6

Horthern Head group: Schemaric summary.of Cambrian depositional
setting. Bold axes represent measured sections whose location Is shown

in Plgure 1-2,
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Ordovician’

4) In the Lower Ordovician, the uppermost occurrence of debris flow
deposition dominated by shelf-derived components occurs in the |
no_rthwest {?preximal) section at Morthern Head, where colitic
boulders are present within a thick conglomerate, but thi:s cannat be
traced soul:h'eastm.;rd. This conglomerate apﬁears to represant the
last evidence of significant progradatlon of the margin upslope.

5) Elsewhere, the fine-grained sedimentation style noted in the

uppermost Cambrian i{s continuous into a di{stinccive {Tremadac)

P

interval dominated by black, organic carbon-rich shate and thin-

bedded lime mudstone. This is regarded as the product of a period of

predominantly hemipelagic sedimentation virtually cut off from mnss

. transport input from the shelf and deposited under anoxic malne
conditions. Thls event signals a change.in sedimentation style and o
dramatic change in the proportion of shelf-derived sedlmentary
components. A marked change in the placform margin is implied and
may be: related to sealevel change or tectonic controls (?margin

" collapse). -

6). The base of tha_ Middle Arm Point Formation (Woman Cove member)
vhich overlies the above-described i’ncerval represents the ‘first
episode in a new regime of sedimentation and marine conditions, in
the Tremadoc. The detlrital dolomite and minor silieiclastie grains
which dominate this {nterval have been noted as minor components -
throughout the Northern Head sfoup,. but now, In the absence of other
input from upslope, become dominan_t. Reworking of sediments in this

interval is interpretated to reflect the influence of bottom

currents.




.
7) Locaiized debris flow deposltlon overlies the Woman Cove member
in the western porction of the Bay of Islands. This conglomerate
immediately overlies the silty dolostome unit at North Arm Point,

but they are separated by an interval of shale at Eagle Island

South, suggesting an {rregular submarine topography through this
interval. The conglomerate fa abaent in the east (Woman Cove), where
shale and thin-bedded lime mudstone occur.

B} Also confined to the western portion of the Bay of Islands, in a
fashion similar to the conglomeratic debris flow described above, is
the “dark parted lime grainstone interval" which contalns abundant
ahallow-vater-derived components (algal grains). Althougﬁ‘
interpretatioﬁ of a depositional méchanism for this lithology is
hampered by bloturbation, it is tentatively regarded as a series of
thin turbldices which have redeposited shallow-water-derived
sediment. Black, organlec garbon-rich shale'iatgrbeds maj represent
muds tone Fedepoaiﬁed in the same event(s) and preserved by rapid
burial. '

9) The overlying, broadly correlatable North Arm Point member spans
the Tremadoc/Arenig boundary. Faunal evidence suggests condensed
sediﬁentation through this interval {Chapter 3) and the sbundance of
bloturbationeand scattered, extensivély cross-laminated s{lty
dolostone alao Indicates "starved" sedimentation under a regime of
bottom current reworking, :

10) The uppermost portion of the Middle Arm Point Formacioﬁ reflects

continuous shale sedimentation under mildly oxidizing marine

conditions. This is punctuated by the input of 1) thin turbidites

€,
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comprising silty dolomite alone, or silty dolomite plus lime

mudstone (differentiated.into thin beds during deposition) and fi)
~muddy turbidices compriainghblack, organic carbon-rich mud, which
tepporarily affected the delicate Eh balance of the deposttional
environment, Lime mudstone generally occuf;'in thin-bedded units,
except for am isolated, thick (and highly bioturbated} interval
exposed only in'the vest (Eagle Island North),

The restricted occurrence, in tha western portlon of the Bay of
Islands, of th:;e slope-deposited‘and, in part, shelf-derived units
described above:'the 1} Middle Arm Point conglomerate, 11) “dark
parted lime grainstone lnterval™ and iii) Eagle Island lime mudstone
unlt suggests that northvest-to-south;ast proximality continued
through the Ordovician portion of the Northern Head group.-

Early sea-floor silicificatfon, with.silica derived from a
probable biogenic source; 15 most prominent through tgis fnterval,
11) The above described Imterval represents the most extréme
development of "restricted input® of shelf-derived sediment,
confined only to shale, silty dolomite, siliciclastic grains and
lime mudstone. In this context, thelgrqnule conglomerafes described
from {immediately below, and within, the basal portion of the Eagle
Island formaéion are anomalous, since they comprise abundanﬁ .

shalloﬁ-watér-derived algal and bloclastlc grains. They reprasent a

final pulse of mass transport (distal debrls flow or turbidite) fro

’

the platform and must reflect a platform event, moat likely tectonic
instability, at the close of Northern Head Group sedimentation. The
nature of the Ordovician depositional environment of the Northern

. Head group is summarized in figure 4-7.

[
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A
12) Slumping and clastic Injectlon accompanied rapid leoadlng at the
onset of deposition of the Eaglé Islan; Sandstone in the ;iddla
Arenig (l.v.v. zone}. This i{s followed by sandstone-dominated
sedimentation consistent with deposition in a submarine fan setting,
with paleocurrent flow probab%y toward the southwest.

The above summary of the Ordoviclan documents the slow
destruction of a ciarbonate margin, as reflected in changing
deposition within the carbonate slope or base-of-slope sediment
apron which the Northern Head group represents, This is indlcated by
the changlng nature and restricted input of shelf-derived sediment
in the Ordovician. Deposition through the Cambrian is consistent
with a stable or g;nsly prograding pletform margin. The first signal
of a change In the margin is the eplsode of hemipelagic-dominaced
sedimentation in the Early Ordoviclan {(Tremadoc)., Subseguent
sedimentation appears to reflect a much lower-rezief style of
platform margin-to-basin transition, demonstrating more affinity
wich the muddy "ramp" type of margin discussed at the outset of this
section. This is accompanied by a change in ambient lévels of
dissolved oxygen in the deposltional environment, reflected in the

level of blioturbation (see Chapter 5), nature of shales tﬁrough the

section, and diagenetic procekses (see Chapter 6). This may, In

turn, be related to the variable input of ?upper slope-derived

organic carbon Into the depositional environment, as a function of
changing slope morphology.
The changing nature of a carbonate margin, and downslope

deposita, records the interplay of tectonic effects and sea-level




Figure 4.7

Northern Head group: Schematic summary of Ordovician depositional
setting.

Block A, on left, summarizes deposition up to the Middle Arm Polnt
conglomerate.

Block B, on right, summarizes deposition through the remainder of the
Middle Arm Point.

Bold axes represent measured sections whose location Is shown in Flgure
4-1, '
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changes (James and Mountjoy, 1983). This will be discussed In light

of the above-presented avidence in the final chapter.
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"CHAPTER 5

3
TRACE FOSSILS ‘AND THEIR STRATIGRAPHIC DISTRIBUTION

Iﬁtroduction
The intensity of bioturbation displa;s an overall increase

qp:m.rd through the Northern Head g.roup, Increasing markedly at the
Cooks Brook/Middle 'Arm Point boundary. Where preservation is .
adequate, ti‘acaslare assigned to a characteristic genus, aﬁd five

' intarvals_ dl'splaying broadly contrasting trace fossil assemblages,
ara ldentified through the section (figure 5-1) and deseribed below.’
Tha leve]: of bioturbation I{s not consistent through each interval;
partfcularly within the Codks Brook Formation where bi;aturbation is

L)
sparse and trace fossils have been noted or collected from scattered

4

" individual horirzons which are thought to display the maximum

bloturbation within a given interval.

5.1 Lower Cooks Brook interval

Trace fossils within this interval were collected fromlshale
Interbeds within the Halfway Point member, and the upper part of
shale cycles Iin the lowermost Cooks Brook Formation (see Shale
section, Chapter 4). The following trace fossils have been
recognized:

Palaeophycus Type.A;: Halfway point member; Plate 5-la . .
Description: Thinly-1ined ,'ellip;icsl tuﬁes, 2 to 4mnm in diaﬁéﬁer,
25am in .exposed length, which are char_acterist.ically irregular,

indented and partially collapsed. They are generally oriented sub-
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Figure 5-1

Trace fossil intervals and levels of bioturbativn through the Northern
Head group. Characteristics of bioturbation levels are as fFollows:

Class- A: Fine laminations well-preserved, no b'io;urbation

Class-B: Laminations well-preserved; i{sclated traces occurring on

scattered bedding planes; traces generally small (< 3mm) and oriented
only parallel to bedding.

Class C: Laminatf{ons and other small-scale sedimentary structures
disrupted buc still discernable; abundant traces commonly touching or
intersecting; traces commonly larger than above {ranging up to Bmm In
diameter) and both parallel teo, and crosscutting bedding

L

Class D:'No fine lamination preserved, other sedimentary structures
rarely preserved, massive intervals comon; traces of comparahble size
to Class C; traces at a high angle to bedding abundant.







'parallal to bedding, but occur highly oblique to bedding in some

layers. They occur-vithin thinly interbedded silty lime grainstone

and grey shale, A

Palaeophycus Type B-;. Hal fway I}o.int member ; Plate 5-1b
These are closely related to the above, but have been

distinguished because they display a more regular wall structure and

_are somewhat smaller,

Description: Thinly-lined, _p.artially-'flar.tened tubes 1 to Zmm in

dlameter, ranging up to_30mm In length but commonly 10 to 20mm.

These are characteristically bedding parallel only, and occur on the

base of fine to medjum lime grainstone beds. ' .

4

Sznco‘grulus‘ Type A; lcigrrnost ‘Cooks Bk. Fm.; Plate 5-lc

{Northern Head' seccion)
Description: Highly flattened, dark "films”, 3‘ to 5mm in width and
150mm .in total length, scattered on bedding planes of dolomitic
green shale. These dlsplay an 'lrregu-lar dichotomous branching at
roughly 15mm .incervals. Iand ar¥e locally flattened, one atep another,
at a high angle. Int;rnalfy\;'”-‘i:hey displ;iy a faint pelleted texture,’

comprising elliptical pellets less than lmm in length.

¥
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PLATE 5-1: TRACES OF THE LOWER COOKS BROOCK INTERVAL

a: Palaeophycus Type A

b: Palaeophycus Type B

c! Syncoprulus Type A







5.2 Upper Cooks Brook interval

Traces here occur wii:hin shale inte'rbeds. and‘on the base df
calcarenite béds, and are scattered through this Iinterval at several
localities. The density of traces on individual bedding surfaces s

low. The following trace fosslls are recognized:

Planolites Type A: Plate 5-2a

Description: Regfflar, smooth, eltliptical tﬁbes, .5 to ., 75mm in

diameter and up to 70mm in exposed length, T‘hese_ occur as 1solated,
locally intersecting, straight to gently éurving traces on.
1nd1;.ridual bedding planes, parallel to bedding only, within grey
shale interbeds. These generally occur alone, but locally .co-,occur

with Planolites Type B described below.

Planclites Type B; Plate 5-2b

De’scrlption: Cylindrical tubes, .1 to ,2mm in diameter, an;l up to
'20mm In total expose:’n length. These coﬁmonly branch dichotomously at
3 to 10mm intervals. They are confined to individual bedding planes

within grey, calcareous shale. The burrow-fill is commonly finely

pyritized and subjeci: to removal by weathértpg on exposed surfaces.

Palaeophycus Ty;pa C; Plate 5-2¢

Description: Thinly-1lined, partially flattened, elliptical tubes, 2
te Jom in diameter and up to 10Q0mm in leng:th. These are gently
sinuous, rarely branching, but locally'intérsectiﬁg and are confined
to individual bet_:lding Planes in calcareous grey shale. These traces
differ from the Palaeophycus destribed 'abov.e in that they display a

smoother, more regular wall structure, are generally longer and
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PLATE 5-2: TRACES OF THE UPPER CQOKS BROOK INTERVAL

a‘: Planolites Type A

b: Planolites Type B

¢: Palaeophycus Type C







straighter, and never crosscut bedding.

AN

1

Syncoprulus Type A; Plate 5-3a
+
As described above, occurring within thinly-bedded black and grey

shale.

Syncoprulus Type B; Plate 5-3b and c

Description: Cylindrical tubes, 1 to 2mm in diameter and up to 400mn
in length, which are generally straight and rarely branching. These
are strictly bedding parallel and occur within laminated silty
calcarenite. They are generally pyritized and commuply.preserve a

segmented burrow fill at 2 to 3mm intervals.

5.3 Lover Middle Arm Point Interval

AS mentioned above, the intensity of bioturbation increases

ﬁarkequ in the silty dolostones of the Woman Cove member. A similar

style of bioturbation, althcugh not as intense, occurs higher in the
Middle Arm Peint, in the "dark lime grainstone interval® (descrihed
in Chapter 3}. The following trace fossils have been reéognized

_ within the Woman Cove member:
Palaeophycus cf. Type A; refer to Plate 4-7b, Plate 5-4a
Description: Thinly-lined, cylindrical tubes 3 to 8mm in diameter
and up to 60mn 1n length (where parallel to bedding). These tubeg
are both bedding parallel and transect bedding at a high angle,

vhere they are preserved as rounded "buttons” on bedding planes.
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PLATE 5-3: TRACES OF THE UPPER COOKS BROOK INTERVAL (contd)
a; Syncoprulus Type A

b: Syncoprulus Type B

burrow-fi1l

c: Syncoprulus Type B; detail illustréting sepmented, pyricized







These traces are‘most commoniy preserved on the base of silty
dolostone beds, but alsec occur on the base of individual cosets
within beds, and are always filleq with sllty dolostone. At least
some of tha vertical burrowﬁ-uere present during current
reworking (or deposition) of the silty dolostone beds, since flute
casts have'lacally been initiated Iin the lee of individual traces

(see Dolomite section, this chapter).

7Cylindrichnus sp. ; Plate 5-4a v

Des¢ription: Tubes, orlented at a high éngle'to béﬁdlng, cylindrical
In cross-section and 4 to Smm lﬁ dlameter. Where silicified, these
display & core, approximately l.5mm in diameter surrounded bj.a
Iconcantrically thin-layered intérnal struccure; ex&ending to the
bur;ow wall, which is roughly lmm in thickpess. -

The assignment of above-described tracés to the genus |
Cxlinarlchnus 1s considered tenca&iQe. These traces are Intimately

assoclated vith the Palaeophycus described above and it is possible

that the features described above represent merely varlations ig the

preservation style of Palﬁeophxcus. The subconical longitudinal

profile described 19 Cylindrichrme—by Chamberitxin (1978) has not
been noted In vertical sections of these traces.

Planolices Type A; as described above; Plate 5-4a

lom in diameter, gently sinuous, commonly weathered in relief




b

Traces wvithin the "dark parted ilma gralnstone interval” are

" confined to carbonate beds, while shale interbeds are thinly-
laminated, organi¢ carbon-rich and dnbiotdrbated. Both bedding
parallel and gﬁeeply crosscutting traces are noted, and these range
from 5 to 1Qmm in diameter. Preservgcion is not good, but these °
traces are broadly assigned to the genus Palaeophycus since a wall-
lining ‘several millimeters in éhickness is commonly present and :
burrows are filled with material similar to the surrounding sediment

{1.e. lime grainstone).

5.4 Upper Middle Arm Point Intervil
This inéerVal comprises variable 1ev§15 of bioturbutlon; ranging
#rom poorly bloturbated, banded bla?k and green shalé, through shale
displaying regularly-spaced, discrete bioturbated_horizons (sce
Shale section, Chapter 4), to thoroughly biloturbated, m;ssive shale
intervals .’ The only evidence of active bloturbation {n carbonate
sediment within the Norlhern He;d group occurs within this interval.
Traces are commonly difficult to characterize because of Pobr
lithologic c;;trast or poor preservation within shgle and hence are

simply termed "bloturbacion”. The following traces have been

recognized in massive, commonly intensely bloturbated shale units:

?Cylindrichnus sp. (?Palaecophycus); Plate 5-4b
Description: Lined, smooth-walled tubes, 2 to 4mm in dlameter and

generally 204mm in length. These are generally oriented at a high

angle to bedding over most of their length, but commonly bend to
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PLATE 5-4: TRACES OF THE MIDDLE ARM POINT FORMATION

.a: ?Czlir;drichnus sp. {arrows); vertically oriented tubes, with well-
developed burrow wall, concentrically-laminated burrow fill, with local
preservation of a core - ‘-

also’ -

Palaeophycus Type A (P) and

Planolites Type A (Fl.)} . -

~b: ?Cylindrichnus (?Ptanclites) (arrows)

S
n

c: Palaeophycus Type D wichin lime mudstoneishale interval, Eagle
Island North - ) -

d: Palaeophycus Type D . . ’

.







ki

a“:'-‘ become geéntly obligue to bedding near the bottun, '.[\'ﬁ:es \Fu-we a wall
- 5

..-3 to lmm In thl.ckness, a central core up ‘to lmm ln diamecer} and a

concentrically-lined interior. These traces qccu'r within masslve

green and red shale and are commonly filled with 'sediment _cor{fai;ling .

4 4 slightly higher sllt component (dolomite and siliciclastic grains)

than the host sediment.

It is gnly where these traces are preferentlally silicifled that

any structure can bé seen and bloturbation in massive shale unlts

can be difficuler to 'idenl:i.fy: collect or even recognize. It .ls,

however, thedse traces, or ones of similar style, wvhich are most

widespread through this interval and constitute the most intense

bioturbation in the Northern Head graup, > ‘

.

. h ' 4 -
 Palaeophycus Type D; Plate S5-4c and d .

Description: Thick-walled cylindrical tubes 1 to 2cm in dlameter and
up to roi::ghly 8cm in length, orlented subparallel to bedding. Tube
walls are composed of lime mudstone and are 2 to 3mm thick. Cores

are either hollow or filled with coar-se-crystalline calcite and,
Bl

locally contain a final £111 of quartz or pyrite,

These burrows are den_seiy concentrated in & 3m thick unit of

L -

" 1ime mudstone within the uppermest Middle Arm Poinc at Eagle Island

Rorth. This unlt, and thls étyle of bloturbation occurs only at this
1oca1bicy. The lower 2m of this unit comprises thoroughly bloturbated
lime mudstone beds 5 to 15cm thick and these traces also occur

wvithin shal;e interbeds hare :;r:\d in the overlying lm transiclon inte .

green shale (Plate 5-heY.

: The following traces are commonly associated with rhin-bedded
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shdle units -:a:.u:l are characteri_s_tic‘ of the bioturbated portions of -—

the 'black/green shale lithologic assoclation discussed in the Jpale

section, Chapter 4 .z

Swncoprulus Type A5 Piaca 35-3a
Thesp are slmilar I‘:.p those described above. They ere highly.

flattened, petrleted, atraight, generally unbranched, black

Impressions up to 8mm wide and 100mm long. 'I'he'y occur {solated, and .

-

locally crossing, on shale bedding planea, commonly alone. of in

P —_

anmociation with the 7Chondrites described below.:

.

7Chondrites; Plate 5-5b . - ' ‘ .

Description: Highly flattened dark impressions 2mm in width and

roughly 20mm 111 length which br-anch at rougl'.lly Gmm intervals. These
occur relatively spa?sely y -always in -associqtion with the above, -

.
a

within thin-bedded shale intervals, .
. . . L

5.5 Eagle Island Formatlon . .

£ different agsemblage of trace fossils accompaﬁies the

- -

lithologle chiange into sandstones of the Eagle Island Formation.

Traces most commonly occur on the base of thin te medium-bedded fine

srndsl:om_a. The following traces have been recognizejd in this

.

threrval: -
\.

A .‘\
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- .. PLATE 5-5: TRACES OF, TME 'MIDDLE ARM POINT PM. (concd.)
) * - ' - “ - L]

| -— .

a: Syncoprulus Type A ,

. b: 7Chondrites; generally asioclated with the Syncoprulus Type A
illustrated In the preceding photegraph T

Ay
a







—— R - Y

Protopaleodictyon sp.; Plate 5-6a -

bescription: Branching, meandering tubular burrows, roughly 4mm in -

'diameter, which anastomose to produce an ’lmperfect Paleodictxon-t_ype"l
network, h | i
Cosmor-h:-ztghe 'Iype: }\';‘Plate 5-6b
Descriptton:_&n unbranched tubular trace 2mm in diamerer whit;h
*—displays meanders on two orders. First order meanders are somewhat
1.':ragu1a.r,' formi,ng.ti.ght curves wi.t'hll an am-plituda- af‘.’ rdugtil_z. S5cm.
Sec_onii order meanders are more gently and regularly sinuous, with an
arnpli:‘.;.ude of lcm. '
Cos:-norhaghe Type IB; Plate. 5-6¢
Description; Similar'to the above, but tubes are gengl.rally larger, 5

to 7mm in diameter, and meanders are tigf\te-r- (l.e, of reducesl

uaveleﬁgth relative teo ampljtude):. Amplitude of first order meanders

s 10+cm; and of second brder meanders: Scm. ) -

-

- Planclites 7Type B; Plate 5-6b

This 1s similar te that described above, but slightly larger

-

(diameter .5mm) and not pyrieized. Branching style is similar.

-

5.6 Discusslon and-Interpretation
- 5.6.1 Nomenclatyure =t . P
- ’ The Llnformal nomenclature scheme uaed herein 1s adopted. to’

+ discriminate recognizably distinctive traces, while avoiding the ¢

* . unnecessary prollferation of species names (especially within
3 : |
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PLATE 5-6: TRACES OF THE EAGLE ISLAND FORMATION

s o -

a: Protopaleodictyon; Eagle Tsland Formation

a

-, 13
, b 1} Co'smorhaghvé Type A; larger mee‘mdgri-ng_ traces

——

~2) Planolices ?Type 8; smaller craces

¢: Cosmorhaphe Type B; Eagle Island Formation
¢ .







Palaeophycus and Planolites; cf. Pemberton and Frej. 1982). Th
general similarity of Falaecphycus Type A, B, and C with
Pailasophycus tubularie (Pemberton and Frey, 1982). and Palaeophycus

F
Type D with P. hebertl (ibid.) has been polnted out to the author

(G. Narbonne, pers. comm., 1987).

1

-

5.6.2 Environmental setting

The asasemblages of trace fodsils whigh span the Northern Head
group are considtent wvith a dedp-uafe; seﬁtlng; the recognized
genera .Jéscribed above can be readiiy assigded to the Nereltes
Ichnofaclies of Seilacher (1967) and the reldcively low diversity

exhibited is typical of such an environment (Sellacher, 1978). Twol
broadly cdntragting trace fossil 'assemblages appear in discussions
of deep-water envirorfents: - ’ ’
1) A (silidlclastic) Pflysch-related assemblage” (Cfimes, 1917
s;ilacherf 1977; Ekdale ec'al., 1984) with a relatively diverse

fauna domkpated by horizontal crallgﬂpﬁd burrows, particularly
v -+ - - [

-

graphoglyptids (suchqas_Paleodictyon and Cosmorhaphe).
2 an.”abyssil assemblage”, where prlncipdl trace fossils include

Chondrltan Flanolites Teichichnusvand Zoopﬁ&cus Studies of recent

deep ocean sedinent (Ekdale. 1977' Ekdale ‘et al., 1984) suggest that
tracea in the modern pslaglc anvironmant are abundant, poorly
preserved and produced mainly by infaunal deposit feeding
Vgrmiform animals. In clay- dominated_environments below the CCD

the trace fossil assemblage s commonly dominated by Planclites

(Ekdale ot al., 195aj'

R —
The contrast of these tho loosely-defined assemblages is clear

-

Y

o




e

in comparing the Northern Head group (affinitlies with "abyssal

assemblagé;) and.the:nxerlying Eagle Island Fowmation ("flysch- -

‘related assemblage®™).

Y ) . h . N - \

5.6.3.81gnificance of stratigraphic variation in bioturbation levels

It is diffigult to qﬁantify levels of bloturbatiopn within a

thick seauence such ag the Northern Héad groyp, because of the local

—

variabilicy which occurs within any given Interval and because 6{ -

I3

.the preservational factors of different lithologies and different
1. ° - . L .

- kY -
types of trace fossils, Factors such as 1) the preservation of fine

"lamination (ck. Braloéer and Thierstein, 1984), i1) density of

traces per unlt volume of fock, iiil} types of trace fossils and 1iv)

dominant orientation of traces are cemaldered important. To give the

reader an lmpression of the stratigraphie variation in bioturbation
> - [} N

levels thfqugh the Northern Head Group the intervals discussed above

[

have been broadly élassified'according to tho‘following scheme and

are . displayed in figure 5-1. ' . -  :

Class A: Fine?laminations well-preserved, no biloturbation.

Class B: Laminations well-preserved; isolated traces occurring on

scattered beddIng planes; traces generally small (< 3mm) and

L

oriented only parallel to bedding. .

Class C: Laminations and other small-scale said imentary, structures

L

diarupted but still discernable; aﬁundant traces commonly touching

or~intersecting} traceshpommonly larger than above (ranging up‘to

8mm.in dlameter) and both pa;allel t;f and_crosséggéing bed@ifg.

Class D: N;ﬁfine lamination preherved, cther ;edimenCary"ﬁﬁructu;;s
v




rarely prsser@ud,’n&sslve intervals common;.traces comﬁarabye in

slze to Class C; traces at.a high angle to bedding abundant.

Figure 5-1 i{s generalized, and the variability of bedding styles

and bioturbation in, for exaﬁple, the uppermost Middle Arwm Point
interval is not-portrayed (see discussion below). Becausé_of the
pronounced shlfs,ln lithology end depositlional eﬁvironﬁent, the
E;glo Island Formation is not included. The featu;e of note is the

marked increage in bloturbation at the base of the Middle Arm Point

Forﬁntion, in contrast with the paucity of bloturbation through the

underlying (lower) Tremadoc Interval.
A
A comparable six-category classification scheme has recently -

beenn advanced Droser and Bottjer (19856), but the simpler scheme

e

presented here bedt reflects the nature of the Northern Head group.

rs

5.6.4 Implied levels of oxygen in the depositional environment

Based upon their levels of dissolved oxygen, mariﬁe waters may
be broadly charagterized as aerobic £> 1 ml/l dissolved 02}, :
dysaerobic (.1 to 1 ml/l) -or anaerobic (< .l ml/l) (Rhoads ané‘
ngsa, 1;71; Byers, 19?7). Faunal communities in-marine envlronments
decrease in diversity and size of individuals with decraasi;g oxygen
levels; from commonly rich, diverse communities u;der aerobit .

conditions, to a restricted (commonly vermiform) infaunal community -

under dysaercbic conditiaﬁs to a complete lack of benthos under -

-—

anaercbic conditions (ibid:). Moreover, decreasing levels of —_— D
dlssoived'oxygen at the sea-floor reétrﬁ;txthe depth of penetration’
and occupation of sediment by Infauna (Savdra and Bottjer, 1986), so

that at low oxygan_le\o%s fhuna'nay be confined to very shallow




levels and résultant traces will be~predominaht1y bedding p&ralial.

Uith increased bottom-water oxygen levels, vertical burrows may'be
. . . -
developed as infauna test oxyger levels within the sediment (cf.

Jordsn, .1985). o . s

.

Based upon the above discussion;. the biorurhation pattemm Lo
. - ' * .I '-
through the Northern Head group suggests that dysaerobic to locally

gnaerobic depositional conditions persistﬁd tﬂrough the,deposttiqn
ofttge Cooks Brook édrmat}on. with an appa;ent Qarked uéunrd _ '

* increase in levels of dissolved oxygen commenelng'at the base of the
Middle Arm Poi;t Sormation_(léte Trgpg@o;). An increafe in ambient
dissolved oxygen from low background levels commonly results in

e fndividual-rich, low dIversity faunal communltles-(Seilachcf,'lé78);

)

“and this seems to be the case aff the Cooks Brook/Middle Arm Polnt
‘Boundary._Thg continued low erslty and-persistance of L.

unbloturbated intervals within the Middle Arm Peint suggests that °

despite this relative increase in hh.-depositignal conditions

probably scill fluctuated within the dysaercbic zone.

¥ - -An inverse relationship between'bloturbationiintensity;(énd

. . . . . .
trace fossil diversity) and the amgunt of ungxidized organlc carbon

preserved in the host sediment has been demohétrated in the

Creta-c.eous (Ekdale, 1985) and chis pattern ig also reflected'tn the. -

o

_ Northern Head group (Shale seccion, Chapter Q;TChapfer 6): Thé
notable exceptlon to this 1s the 'ﬂark-éartea lime grainstone -
1nterval“,.uhere an anomalous concentratlon of o?gnnic carbon has
been preservéd in the preseﬁ;e.of elevated bioturbacion. it is

‘possible In this ‘case that infauna vere.brought in wich the -

.

it ]




redepesited carbonate of this interval (cf. Byers, 1977).
The assoclation of Chondrites with Syncoprulus Type A in the
up.per Middle Arm Point has been noted above. Thils association, and

——

the slmilar'l’ty in overall form of these traces suggests that they
ma} represent si_mll_ar envi‘ronmental conditions. Thelpresénce of
Chondrite; alone 1is ge.nerally regarded as representing very low
ambriant dissolved oxygen levels (Ekdale, 1985; Bromley and Ekdale,
1984, Ekdale at al., 1984), ‘.H.t:h-in Cretaceous pelagic sedimenl‘(:s
Chondrites appe:ars alone in zones immediately adjacent to unburrowed
horizons (Ekdale, 1985). Within Devonlan bl-ack shales, éhondrites is -
regarded as tha. trace of a "ploneer” burrower within blackAmud-,

whils Planclites is regarded as the trace of a mobile deposit-

feedar, which, where vertical, represents the testing of oxygen

‘levels within sediment overlain by ra‘latlvely oxygenated bottom

watera {(Jordan, 1985). The same variation in style of biotirbation

- appears in the upper Middle Arm IPoint. where Syncoprulug/Chondrites

* .
is noted on the mildly biloturbated margins of black/green shale

intervals, developed under temporarily lowered Eh conditions, while

.

Cylindrichnus (?Planclites) is dominant within extensively

Llul‘iurbatnd red/green shale intervals, deposited under better
oxygenated tonditions (see Shale-gection, Chapter 4).

Trace fossil diversity in "neritic” and *"flysch® facles remained
relat.ively constant thréugh the Lower Paleczole (Seilacher, 1978),.°

and it 1s considered unlikely that the Iincrease in bioturbation

levsl vli‘.hin the Northern Head Group 1s the result of any marked

-

evolutionary faunal change. It might be argued that the elevated

lavels of bioturbation within tha Middle Arm Point merely reflect a

-~
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decrease Iln sedimentation rate; 'hwe-’.rer,' the fact that the upward:
inereass 1n'biocurb__atl.on occurs in concert with sedimentologie
(Chapter 4), dlagenetic (Chapter 6}, and geochemical (Chapter 7) M

changes indicates a real upward increase in the Eh of depositieaal

t::onditions, which began in the Tremadoc.
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CHAPTER 6

DIAGENESTS

-Intl_:oductlon - - -

This chapter {s dividad into twe sections; the flrst provides a
genaral description of the diagenetic processes of calcite
cementaltion, dolomite cementation, replacement and overgrowth,
sllicification, authigenic growth of barite, and pyritization, and
Ttelates these in a dlagenetic sequence. T'h.e second part puts some of
these diagenetie processes 1n.a stratigraphic pe}'spectivu, focusing
on the contrasting nature of early-diagenesis in the Northern Head

= .

Group. The principles of early burial disgenesis and Iits.control on

1

changing Eh ccmditlons- are revieved in Appendix G.

6.1 OVERALL DIAGENETIC SEQUENCE

6.1.1 Cementation by calcite

Calcite cementation has been examined In a varlety of
lithologlies, Including conglomerate (both within clasts and matrix},

——gxanule conglomerate, and calcarenite. Calcite diagenesis within

finar grained l{ithologies (lime mudstone) reflect§ a path of

aggrading nebmorphism of lime mud. Cementation of the silty

dolostones described in Chapter 4 is dominated by dolomite and

o - '
silica, with calcite occurring only rarely as a late-scage pactchy

cement and locallzed replacement.

Notwichstanding plascically-folded lime mudstone rafts, clasts

+

within conglomerates display evidence of early cementation and

i

lithification. Many angular clasts are clearly derived from
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extenslion frapturit";g and_may-display\evidenca of matrix injection
along cro.ss_-cut:ting fractures (refer to Chapter 4; Plate &4-9%b).
Rounded clasts display evidence of a uniform nhrasic;n of alloch.ems
and _fnl:ersl:i.tal cement at their margins, suggesting that they were
thoroughly 11thfjfied before tranportation and il'-lcorp'oratlon in the
hest conglomerate, The precipltation of calcite cement within thesa
cl';;;:s {in coarser conglomerate), and between grafrT; in bedded units
of granule conglomerate and calciarenite follows an essentially

identlcal pattern, suggesting tHat the process of calclte

cementation occurred under similar diagenetic conditions, and was

‘early in all c\)es.

.

6.1.1.1 Calcite cementation in eclasts within conglomerate

A survey of clast lithologies within conglomerates reveals the
prominence of sparry calcite cement. The first generation of—‘t‘h[s
cement {s commonly an Isopachous rim of aclcular to bladed r:on-
ferroan' calcite crystals. The thickness of thls rim is gencrslly ./
approximately 30 micrometers and it is usually composed of a single

generation of crystals vhich display bladed terminations. It 1s

particularly well-developed Ln cosparite, but overgrows a variety of
graing. This Is followed by a generation of blocky, equant spar
which 1ncrea;es in crystal size ﬁo:-eard tt;a centre of pores, ranging
from 30 micrometers In size locally up to roughly 400 micrometers
(Plate 6-1a). This size increase is commonly accompani‘ed by an
increasing ferrcan content, as indiéated by staining:. The sharp
planar crystal boundaries, clear enfacial angles and lack of any

remnant recrystallizstion fabrics within this spar confirm its
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origin as.-a cement. The final stages af spar precipitatior{ are
. locally accompanied by <he growth of euhedral ferroan dolomite

crystals, which range in size up to 200 micrometers and dlsplay a

b ] ° -
subtle Fe-enrichment from core to rim. Locally, the generation of

acicular to bladed rimming cement is missing and only blocky, equant
4

spar is present.

6.1.1.2 Cementation within. granule conglomerate and
» !

calcarenite

The atyie of cementation between grains in these lithologles is
sflmila.r to that described above. & geopetal style .of pore-filling ls'_' )
noted 1ocal.1y..where the early, rimming acicular to bladed cement {s°~
-confined t;) one (uppe_r) margin of plores';,'vith_-_the remainder of rhe .
pores filled with either coarse, blocky non-ferroan to ferroan
sparcy .cement, or a generally finer and more irregularly crystalline

ferroan sparry material. Based upou the irregular crystal size and

shabpas, !ﬁ‘_ remnar.\t: domains of micrite within this material, it 1is

-

regarded as mlcrospar to pseudosparﬁ—uhich has grown under

conditions of aggrading. neom(fphism. In som.a cases, the early

aciculer rimming cement is pgrain-specific, and only overgrows -

micritic grai:ns. Within calca'ren'it;as, ic is loca}ly."shelcer

po_ronit'y“, c:ented by .shell fragment;, which 18 occupied by this

style of cement. _ .
) The blocky equant spar tangss in crystal size from 20

micrometers at pores .u':'arglns up to roughly 100 mlcrometers at pore

cenitres, aud generally displays the trend tavard late-stage Fe .

enrichment deacribed abova. Within flner-gralined calcarenites and

lime mdstones, this Fe-enricbment i1s confined to -the fine
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crystalline cement which occurs at both margina of cm-scale bads,
I ' . -

suggesting that "marginal aggradation" (cf. Conlglli.o. 1985) has

taken place ip the presence of a more evolved, Fa-snriched pore

wvater. - *

. Many érains within granule conglomeiates, in particular, display

thin "micrite envelopes™ {(cf. Bathurst, 1971). Although the

relationship cannot be directly demonstrated, the presence of very
e ' [

fine algal boring has been noted here and 1s thought te be

responsible for this thin layer of alteration at grain margins,

Lime mudstone grains, generally peloidal, are mb‘st'commonly only
o

slightly recrystallized, but locally display a complete spectrUm™u(
neomo'rphic fabrics. They range from pristine micrice through

fnicrospar and patchy davelepment of pseudospar. In extrema cases,
‘ -

relic pelolds are defined by isopachous rims of blocky, fine-

crystalline, generally non-ferroan spar which surround patchily

" . recrystallized domains, Accompanying shell fragments are also

}

recrystaliized in such cases. {
The syntaxial overgrowth of pelmatozoan grains ls present

throughout this lithology..

Dolomite is present within these‘/lithologles in three forms, as:

{) detrital grains with a generally ferroan overgrowth, 11

.

interlocking passes ("clumps™) of dolomite which appear Cé represent
e _

complete replacement of certain graina (refer to Dolomite section,
Chapter &) and {i1) isolated euhedral, generally non-ferroan

crystals which occur interstirial to grains, and 1oc5115' as

replacements at grain margins, which appear to have précipitated




immedtately prior to, or loca.ly coeval with, the equant sparry

cemant. The nature 6?-dolouil:e opcﬁrrenée vlli B;a discussed in the

L™

Dolomite section to follow.

S

The final episode of cementation is generally the videspread

infilling of remairing pore ‘space with amorphpus,to fine-crystalline

silica..

.
6.1.2 Dolomite

Dolomite appears within the Northern Head group in ;:h;ke -ways:

{) as a component of cement, 1i) as a teplacement of certaln
allochems, and 1i1) as allodapic detrital grains, which generally
dhisplay euhedral ovei'growth. As Indicated In Chapter 4, detrital
dolon;ita is consplcuously prominent within the Hiddle Arm Point
‘Formation. - -
6.1.2.1\Bolomité as a cement

The occurrence of dolomite as a cement component has been
mentloned above, anc.l it appears that this precipitation has occurred
at various stages durimg-the diagenetic sequence. Euhedral non-
farr?an dolomite appeatj_a_early‘uithin calcarenite and granule
céﬁglomeruta. Hher'e it has been precipitated (locallky as a
replacamant) at _grain margins, prior to, or coeval with, blocky spar
cement. Dolomite {a also preient within conglomerate cement, where
it occcurs as larga, euhedral -ferroan graina (displaying ferroan
enrichment outward) vhich pqstd;te the wain phase of blocky spar
cementation, and immedlately predalse the final diagenetic phase of
sllica cementation (and localized replacement) (Plate ©-1b). Thus it

~a

appeara that doloeite recipitation spans the phase of calcite
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. cementation described above, and In %o doing, reflects tha overall

trend toward increasing Fe-enrichment through the diagenetic

sequence. . . =

6.1.2.2 Dolomite as a repl:cement of grains and intraclasts

The presence of dolomite.as a replacememt of grains and

intraclasts has been documented in Chapter 4, and mentioned aBove.

This replacément appears in partial to complete stages of
development where it has resulted in interlteking masses of

generally euhedral dolomite crystdls. The host grains are most

commonly micritic peloid.;a and {ntraclasts. -

Based upon petrographic evidence, the timing of this replni:t-mon"t

'ts 'variable, and ranges from an early process, which eccurred prier

-

' . .,
to transport and redeposition (detrital dolomite), to\}i;ter, in situ

replncément. In the [irst case, dolomite crystals are Ellarply
. truncated _t;y abrasion at grain marginas (Platé 6-1c), while in the
second case euhedral crystals extend into adjacent areas of cement

and matrix, and dolcmitlzatien appears to have been in situ and

‘coeval with cementation’ and neomorphism (Plate 6-1d).

Two pri;ncipal styles of in gitu replacement are noted. In the

first case dolomite is characterized by t;'uhedral crystals roughly 10

ta 60 micrometers in size, In the second case, dolomite 18 generallf

anhedral and of much smaller crystal size (roughly 10 micrometers) .

.This 'second style of dolomitization commonly appears to be

intimately assoclated with aggrading neomorphist® of the iurr-oundlnp_

micritic matrix, and lecally alsc parcially replacea bloclascic

e

debris {shall frag;met!ta).
]




The stage at which dolomitizatfon occurred-broadly reflects the

trend toward fncremsing Fe-eririchment through the dingen‘cic

sequence. The early-dolomitized grains and {ntraclasts are generally

non-ferroan, while -1ater dolomltes are commc-;nly ferroan, either

within crystals or as a Yinely crystalliae to amorphous fe;rosn
4010m1t£c "paute“‘surrbunging cerystals, or encapsulatinglthe entire
c}ustar of previously-pfecip{tated dolomite. This ogsarv;tion E;”
complicated by. the locéhl;[y observed recrystallization of dolomite,
wherw early, coarae, n;m-ferroan a;mite crystals (60 to 100

micrometers) havg been replaced by finer (30 micrometer} <erroan’

dolomita crystals (Plate 6-2a}.

6.1.2.3 Dolomitic grain overgrowth

The pronounced appearance, within the Middle Arm Point N
Formation,_ﬁf dolomite crystals which display abréded. detrital
cores and commorly Fe(Mn)-rich overgrowths has beeh noted in Chapterx
4, It {s difficult to re}qte‘thls eplsode of overgrowth to the
timing of ‘clalc-i.te cementation described above, since the two
processes do not generally co-occur. Diagenesis within the silty
dolostones of the Middle Arm Point Formation is dominated by
dolomite overgrowth and loca;izeq fine-crystalline cementation and
silicification. The rare occurrence of calcite within this lithology
is noted as a patchy, scattered late replacement QE dolomite crystal
margina and locally cores, pradating final silica cementation,

The t:erroan overgrowth of dolompl..te gralns is locally ac;:ompanied

‘by a fina-crystalline, anhedral ferroan dolomIte cement which occurs

interatitially to dolemite rhembe, immed{ately predating or coeval
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with s51lica cementation. This is of identical composition, and is

clEarly of the same generatlon, as the ferrcan dolomite overgrowth.

As discussed previously, the overgrowth wag-prociplcated in sbtu; it

is never abraded, is loc;IT}'excluded at graln contacts, and locally
incorporates milciple abraded graeins,

6.1.2.4 Dolomite populations within the Hldi;e Arm Point .-

Formation
Petrographic examlnation, using staining and cathodoluminesence,
e .
indicates that there are two. principal populations of dolomite

within the Northern Head group. The first 1s most commonly .non-

feproan. commonly occurs In.interlocking clusters, and is <

interpreted to be the result of the dolomitizatlon of limestone
gralns and intraclasts. This doloemitle replacement may have occurred
before grain transport (and In thils case dolomlite is myn-ferroan} or

may have occurred in situ, In which case the resulting dolomite

displays férroan enrichment to a variable degree. The second
population consists of delomite crystals which dlsplay Irregular,
abraded, detrital cores and ferroan .rims.

The filrst population of replacement dolomite dominates the Cnoé?

Brook Formation, while a mixture of the two end-members occurs

within sllty dolostones of the Middle Arm Point Formation. At the
r

transitional base of the Middle Atm Point (base of the Woman Cove

——

member) silty dolostone ls dominated by interlocking clusters of

non-ferrcan dolomite (dolomitized Intraclasts) encapaulateﬁ in a
-

ferroan rim. In general the percentage of "replacement dolomite” R

sharply diminf{shes upward thfough the Middle Arm Polnt and silty ce
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dolostones higher in the section are dominated by dolomite which has

incorporated varisble amounts of Fe and Hn in euhedral overgrowth,

6.1.3 Silicification

The presence of amorphous to mierocrystalline silica a!.a final

stage of cementation has been noted above in a variety of -

lithoiogiaa: conglomerate, granule congloqprate, calcarenite, siity

dolostone and shale. The particular abundance of pervasive sillca

capantation (and locallzed replacement) within the Ordoviclan, where .-

it hae resulted in the formation of chefts, has been demonstrated in
ChapFer 4. Here the common assaciation of chertification w;th
blogenic debris., and implied derivation of siiféa through procésses
of early dissolution and re-precibiEﬁtipn of _biogenic silica has

aleo been indicaced.

S{lics cament {and localized replacement) formed at geveral

stages in the diagenetic history, and silicification appears to have

been a protracted process. ’

The precipitation of silica 1s very rarelf observed to predate
carbonate precipitation within the Northern Head group. It occurs as

a late final pore-filling cement within granule conglomerate, for
exampls Plate 6-2b, and surrounds ;vergrown dolomite graing‘uichin-
sllty dolostone (Plate h-}d). Corrosion and replacement of carbonate
grains by ailica has baap notad 1oca11§ in a varfety of lithologies.
In thi® s;n-n, the pracipitation oé slllca;‘;hether as a late-stage
pore-fllilng following extensive carbonate cementation, or ai a

pervasive microcrystalline cement which has permeated the clay

matrix and sutrounds a varlety of grains, appears to represent a.

297




PIATE 6-1: CALCITE AND DOLOMITE CEMENRT, DOLOMITE GRAINS

a: Photomicrograph of oosparite displaying calcite cement fabrics; -
first genaxation of bladed cement (b} rims ocolites (o) and is postdated
by pore-filling blocky spar (s).which increases In crystal size and
ferreoan content toward pore center; scale bar is .1 mm,

b; Photomicrograph of dolomitic conglomerate cement. Euhedral dolomite
grains are ferrcan and display ferioan enrichment_outward {(note dark
rim). Final silica cement (S1) contains scattered, anhedral ferrcan
calcite; scale bar 1s 1 mm, ~

¢: Phoromicrograph of dolomite grain within calcarenite. Dolcmite
"cluster” (left) represents the early replacement of a calcitic grain,
and displays abrasion of dolomite crystal (arrow) at cluster margin;
scale bar 1s .1 mm. .

d:. Photomicrograph of dolomite within:calcarenite. Dolomitic "cluster®

{"Dol" cenrer, outlined) displays irregular, Intergrown relaclionship
with surrounding, spar-cemented peloidal grainstone; scale bar is .1,
mm . .







¢
PLATE 6-2: DOLOMITE (cpntd); SILICA; HEMATITE, BARITE

-

- a: Phétomicrograph of dolomite grain withim granule conglomerate.
~— Original coarse dolomite crystal (outlined) has been replaced by finer‘
cFystalline (ferroan) dolomite; scale bar is .1 mm.

]

»

b: Photomicrogzaph of granule conglomerate illustrating early calcitic
cement {(c), generally rimming mlcritic grains (m), and followed by
extensive, pore-fllling silica cement (51); scale-bar is-.1 L

c: Photomlcropraph of silicified silty dolestone illustrating
" microcrystallineghematite (dark areas) occurring as flakes, and locally
surrounding overgrown dolomite grain (D); scale.bar iz .1 mm

d: SEM/EDAX photom®crograph (backscatter mode) illustrating harite
crystal (Ba), corroded and partially replaced by calcite (C) and silica
(Si}; note projection of overgrown dolomite grain (arrow) into marglin;
green shale, uppermost Middle Arm Point Formation,

N . . »
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final closure of the diagenetic system and a barrier te further
fluid movement.

Fleld evidence presented in Chapter 4 indicates that in many
cases, especlally vithin shal;s and silty dolestones of the Middle
Arm Point, silici.ficstion has olccurred early, possibly at or near
the seafloor. Hence, within silty dolostones, particularly early
sllicificat'lon,_ promoted per.haps- by porosity or pe:.rmenbility
inhomogeneities or localized silica sources, may have excluded
stages of dolomite overgrowth which have proceeded to completion
nearby. This may be one factor which has concributed to the somewhat

variable nature of dolomite overgrowth within these ailty dolostones

mentioned above,

6.1.4 Preservation of hematite

As noted in Cha"pter A,I the stability of hematvite {n the
diagenetic system is locaily'indi.cated by i;;§ presence as a coating
on overgrown dolomite (and eiliciclascice) gr;ins (Plate 6-2c} or as
granular to flaky materfal distributed within sillca cemcnl‘;. The

slgnificance of this preservation wlll be discussed in Section 6.2.
-

6.1.5 Barite authigenesis

The pre-ci.pLCacion of authigenic barite occurs within the Middle

Arm Point Formatlion, Hh'ere erystalline barite has not been noted in

-;‘,the field, its presence 1s implied by shale geochemical data which
lndit’:at-e'anomalous Ba concentrations. 'I{'h-y', and the lmplicationé of
the stratigraphic dist'ribﬁtion’of barite, will be discussed in

Section 6.2.




The principal occurrence of barite is as scattexed, eul.wdral.
bladed crystals up to 3ma in lengrh in otherwise massive (commc-mly
g;oﬁn) shale of the uppermost Middle Arm.Point Formation. The pre-
compactional authigenic grovth of these crystals is ingicated by the
conpactional bending of microlaminae ar;mnd them. These crystals
comoniy dispiay corrosion and partial replacement by an intergrown
mixture of calcite and silic:f. Detalled examlnation 1n;ilcates l:ha;t
this replacement predated ferroan overgrowth of doldm_lte gralns
within the host shale, based upon the projection of this overgrowth
from-adjacent dolomite grains into the '(r'eplaced) calcite margins of
the cr;'sl:al (Plate 6-24). )

Barite has also been noted as a minor vein-filling and in che
compléy formatidn ‘of a chert/carbonate nodule wi;:hin Middle Arﬁ
Point ;ihale. Here the preclpitatlon of anhedral masses of barite
poatdates milica pfecipication and 1m;n‘ediate1y predates the final
precipitation of Fe/Nn carbonate.

*

6.1.6 Precipitation of pyrite

The precipitation of pyrite cccurs principally within shales-of

the Korthern Head group. Although pyrite is present within a variety
- of shale lithologies, it 1s generally more abundant in black shale

than'grul:: or red shale, and differs in its manner of occurrence.

The greater abundam.::a of pyrita H‘lthit;l black shale is apparent even

within thinly interbedded black and gree;'l shale intervals (e.g. base
-of the GCooks Brook_ Fofﬂation at Northern Head).

Tha prasenc.e of pyrite within black shale is characterized by
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{ts Fine-crystalline nature and early precipitation. Pyrite commonly
occurs as disseminated delicate framboeids, roughly 100 micrometars
in dlameter (Plate &-3a). Spharlical framboidal nodules ar: als::‘)'
presen;- locally and range in sizs up to roughly 7mm, Locally
uncompacted burrows are filled with fine.crystalline pyrite.
Graptolites are t-:ommonly preserved in seml-reliaf by pyrire.

Pyrite in green shales, particuinﬁy within the Middle Arm Point
Formation, {s more coarsely crystalline th'an that described above -
and tends to have been preclpitated at a later stage, where It
commonly replaces dia_ganecicall)l-preglpitated carbonate {Plate &-
3b). Framboidal nodules of pyrite do occur locally with Middls Arm
Point green shale, where c;xey range up to lcm in diamete\r and
comprise irndividual crystsls up t_t_:_lmm in size.

|

6.1.6.1 Pyrite replacement of ‘carbonate_

Pyrite rep-lacene.nt: of carbonate gralns 1{s generally sparse
. f

through the Northern Head group, but is spectactularly developed at
the base of the Cooks Brook 'Formatlon. particularly at' Seal Cove.
Here,‘over a8 roughly 10m shale-dominated Iinterval, several beds of
what was originally carbonace pet;I;le conglomerate, ranging in B
thickness from 2 to roughly &C;cm are p,?rtially to completely —
replaced, pebble by pebble, by pyrite (Plate €-3c). The only
lithology which 1s never replaced i{s black, phosphatized shale,
which comprises up to 10 & of individual I;eds. In .:.ome lnstan'ces,‘
where replacement ls complete, theaels beds appear to be c-omposed of

pebbles of detrital pyrite, but pecrographic examination indicates

that this {3 a reletivaly flne-é;:yatalline (30 micrometers) pebhble
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PLATE 6-3: ASPECTS OF PYRITE AUTHIGERESIS

a: SEM/EDAX photomicrograph illustrating framboids of early-
precipictated, fine-crystalline pyrite within black shale; Cooks Brook

Formation

b: Photomlerograph illystrating rcoarse, late-stage pyrite replacement
of diagenetic carbonace nodule within g:een shale, Hiddle Arm Point

Formation; srale bar 1is 1 mm.

¢; Granule to pebble conglomerate beds (interbeddsd with black shale)
displaying extensive replacement by pyrlte (P). Tha only pebbles to
have escaped this whole-scale style of replacement are phosphatized
black shale, visible in the lower unit; lowermost Cooks Brook
Formation, Seal Cove,. .

d: Photomicrogyaph of pyritized granule conglomerate (1llustrated in 6-
Je) displaying complete, grain-by-grain replacement. Grains are
surrounded by ferroan carbonate.cement; graln on extreme left 1is
phosphat{zed black shale (5} which fa not pyritized; scale bar 1is 1 mm.







by pebble replacement of an origu.l carbonats host, vith
*interstitial ferroan ear‘?onate cement (Plate 6-3d).

Sistlar pyritization, although not as extensively developed as
at Seal Cove, 'is‘ characterisr:ic of the lowe;mosl: Cooks Brook
Formation, and is noted at Halfway Point, Neorthern Head, and in

.

Middle Trout River Brook to the north. v

6.1.7 Hino.r authigenic phaces: feldspar

Authigenic feldspar occurs commorily as a minor component

thrdughout the Northern Head group, both within bedded carbonate and -

clasts within conglomerate. It is present most commonly within ‘
micritic lithologles, often with Ia_d.etrit:al. core of feldspar, or
sometimes dolomite. This feldspar con;.monly occurs as pristine,
suhadral grains uhi'_:h may display-a'll;ll:e twinning, or the
polysynthetic _t;rlnning ot'_ microcline. .

Hicroan;nlyais fndicates that a_uthigenic feldspar 1is always
alkali. The predominant feldspar cﬁsplays a composition of pure
albite, while K-feldspar (?microcline) occurs less commonly.

The timing of feld<par growth Is not clear, i’nowever it both
overgrows, and ls overgrown and locally partially replaced by,
authigenic dolomita. No consl:stent crosscutting or replacement
ralationships with other authigenic phases have been noted, and the

precipitation of authigenlc feldpar is thought to have occurred

‘throughout the gequence of early diagenesis outlined above. C—

~

All of the authigenic feldspar examiﬁed In an extensive survey

of carbona!:e occurrences by Kastner {1971) are alkali, and are most

\
common In mlcritic llthologies.. Kastner concludes that, In general,
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feldspar authigena;is na} have proceeded in carbonates under low to
moderate temperat-t‘rra and pressure conditions, where clay minerals,
free silica hnd'delt:rital\-fe-ldspars have provided sllica. and alumina
and al'k_all.es ha-ve been derived from seavater. Hence' the comnon
oceurrence "of authlgeﬁic feldspar in m.icr].t:ic I;thologies, bath
wlthin the l.‘{-orthern Head gro;.xp, and in general, may be related to -

the presence of adequate clay minerals, available for subsequent

authigenesis.

6.1.8 Overall diagenetic segquence: summar

Somewhat different diagenetic sequences are recognlzed in 1)

11mer¢1‘tcne-dominal\:ed lithologles and "{i) sflty dolostones and shales

(predominantly Hiddl.e Arm Point). These are summarized in figure _6-
L .
. Cementatlo‘n in 1imesto;1e-dominated lithologies 1s represented hy
1) the precipitation .of fibrous to ac;cular rimming cement, t‘ol}oucd
by Li) the precipitation of equant, blocky epar, 1il) coeval with,
or immediately postdated by the localized precipitation of"euyhedral
dolomite, with I{v) the fipal pore-filling (and localized
replacement) Py amorphous te fine-crystalline slllca.. The principal

carbonate species, calcite and dolomite, display an c;wer-&ll trend

toward F;z~enrichment thrc:ugh ‘this sequence, The neomorphism of Time
" madstone, within allochems, inCergranﬁlar material and lime mudst;mc
.beds is represented by the. variable growth of microipar and -

pseudospar, and hu occurred in parallel with this sequence and with

overall Fe-enrichment. While examples of early neomorphisa de occur,

-
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Figure 6-1

Schepatic summary of di'agéne{:lc sequence{s) recognized vithin 1)
limestone-dominated lithologles and 2) silty dolostone and shale

lithologies of the Northern Head group.
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ouch of this recrystallization appears to postdate early
cemantation.

The replacement of grains and Igtraclasts (commonly peloidal
micrlée) by d;lomlte may have occurred chroughout thié'sequence, but
18- noted within cemented claats In conglomerate, and is thought to

Jave generally preceded caltite cementatioﬁ and hence to have been
an aa(}y process, As & resulc, th;s dolomice is mo;é frequently non-
fé;}oan, but 1) raplnc’pent or i) encapsulaeion of the commonly

observed *replgcement dolomite cluster” by later ferroan dolomite

has baen noted,

- *

Within silry dolostones and shales of the Middle Arm Point

Form@tion ?aIcita cement is rare, and oniyloccurs as a patchy lace
cement o¥-localizhd replacement. The diagenetic sequénce wicthin
-these lithologies includes: {) ?the continued replacement of
calcitic grains by (commoﬁly ferroan) dblomite, 11) the overgrowth
of abraded dolomi{te graina by cémmonly Fe and/or Mn-rich dolemite,
locally followed by 11f) che ééhf&ng~of these,land other gfains, bj
a thin rim of hematite, 1mmedint01y_5redatipg and during iv) the _
prﬁtracced process of pervasive cementation and localized
replacemement by silica, Hematite (or a metastable precursor) has

been distribhuted as a detrital component within the sediment. It

——

does not appear to have directly participated i{n the diagenetic

sequence. . -

fhc precipitatidn of barite within shale locally occurs TIThin

unls sequence, eichar §) relatively early, where it Has been

replaced, in part, By calcite and silica and predates the overgrowth

" .
. of neighbouring dolomite grains within shale or i1) during late Mn-

1




carbonate precipitation, which has locally postdated si{lici{fication
(in late noduld formation): .
Precipitgtion of pyrite has generally occurred early within
black ahale. Within green fbale, particularly Hithiq the uppermist
Middie Arm Point Formation, pyrite, and locally other sulphides,
appears latest in the diag;netic sequence, as a ffhal} very fine
pore-filling and localized replacement. Pyrite replacement of
carbonate gllochemé fs generally sparse in the Northern Head group,

Ibut 15 developed to a pronounced degree at the base of the Coocks

Brook Formatlion,

’

Based upon i) the similaricy of cementatior. style between clasts

in conglomerate and bedded sediment, 11) the ﬁre-compact;onal nature

of rement in all carbonate and many shale unita and 1{ii) the
occurrence ¢f moat cementatlon:prior to silica precipltation, which
can be demonstrated, at leaat in some lithologles, to be early, the
diagenetic cementation sequence outlined above is regarded as the

result of early, shallow-burlal diagenesis,

. 1 -r




6.2 EVIDENCE FOR CONTRASTING DIAGENETIC STYLES WITHIN THE

NORTHERN HEAD GROUP

Introduction
This section Incorporates pertinent parts of the €Xamlnation of
shale geochemistr9 through the Northern Head group.

1 -
Shale geochemical data provide a key plece of evidence which

L 2

indicates that early diagenetic processes differed through thgg

Northern Head ngﬁp. Bulk shale samples were collected. through the
section (refer to Appendix E) and aspects of their geochemisfrf
indicate fundamental differences in depositional and early

diagenetic conditions.

Much of the discussion in this sectibn is based upon general

—

principlea of ch;hging Eh, and progressive Fe and Mn mobilisation,

during shallov burlal. These sre revieved in Appendix G.

- —

6.2.1 Stratigraphic distribution of manganese

The distribution of menganese in shales of the Northern Head '

Group is shown in {igure 6-2, which displays a marked increase, from

—
L}

1035 background® levels through the Cooks-Brooks Formation teo
anomolously elevated lavels, fanging up to 6.5 v :-.4% HnO‘ within .

shales of thes Middle Arm Point and lou;rmost Eagle Island formatlion.-

. -

6.2.2 Nature of Mn occurrence within the Middle Arm Point \

A detailed exaaination of shale and doi;mltlc slltstone samples

J—

within the Middle Arm Point Formation indicates that Mn occurs in

-

three principal ways, as: 1) diagenetically-prﬁcipitated fine

Kl

crystals of Hn-carbonate disseminated within intervals of red and
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gre'en shale, 11) dl;genetlcally-preclpitated horizons, or laysrs, of
Mn-carbonate up to lem thick, In red and green shale Intervals, and

111) Hn/Fe-caEbonate overgrowths which are widely developed on

individual grains within dolomitliec siltstones. Manganese 1s always

assoclated with carbenate minerals, and only appears as an oxide

because of recent weathering.

6.2.2.1 Disseminated Mn-carbonate within shale

—

This style of Mn-carbonate appears within both red and green

shales of the uppermost Middle Arm Point and lovermost Eagle Island
formation as intervals ranging Efom 10cm wup to roughly lm in
thickness. Bulk shale samples from such intervals contain
‘concentrations of Mn0 ranging. from .5 to 1.4 wt.%, and locally
display a metallic pal:i-na of pyrolusite on weathered surfaces,
‘The mineral Is rhodochresite which dlsplays the average

composition Mn - Ca Mg ' (CO ), and is relatively consistent

' (.81) (.12) (.07 3 : : .
in composition through three samples examined in detafl. Crystals
are isolated, unzoned, and euhedral and range in size up to 1lmm

(Plate 6-4a). No evidence of replacement of earlier mineral phases

is noted.
AN | ' .\
N

6.2,2,2 hiagenetic Mn-carbonate horizons within shale

Hor lzc;ns of diagenetic Mn-carbenate occur within red and green
"shale iatervals within the uppembét Hiddie Arm Point snd lowermost
Eagle Island formations, They are bedding-parallel and generally
range In thickness from 1 to 3cm. Tﬁese horlzons rnng-e from subtle,
somewhat diffuse features to clearly-defined, commonly maroon-

-
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- ) ,
veathering (SRP 2/2) layers. These features were not lmmediately
apperent during early fleld vork, and their significance was only
recognizad whare ’\Khe‘y were Incorporated in bulk shale samplés, where

4
they are partially responsible for the concentrations of MnO

Ay

dWin 'fig. 6-2. Fleld and petrographlc .evidence indicates
that these horlzons originated in three principal ways: 1) along
burrowed horizons, 11) as a cement within silty or sandy layers and
_111) by variable overgrowth of very fine detrital dolomite grains
within shalae.

The clearest example of diag;netlc Mn-carbonate precipitation
alonl-g burrow;d horizons occurs in those 1llustrated in Chapter &
(Plate 4-4a). Other examples demonstrate evidence of burrou-ing. but
this is commonly partlially obscured by later dlagenesis. These
horizons occur within oche'rwiu nasgive green shale, and are an
average of .7mm thick. Burrows and "crusts" within festureless
-chloritic shale contain scattered fine to medium silieciclastic silt
grains which Iare enclosed in domains of polkilitic cement up to lmm
in wize {Plate 6-4b), This carbo;nate 1s manganiferous ferroan

. . . F o . -
dolomite, with amr average composition of

Ca Mg Mn Fe (CO ‘)..Differen.t domains are somewhat
(.51 (.33 (.12) ¢(.04) 3

variable i;} ¢omposicion. Slightly darker-coloured and maroon-

‘uutherihg donaim;. non-systemacica}ll_y distributed through the

horizon contain llightl-y more Mn (16 moled, at the expensea of Mg
_ and Fe).

Zones where Mn-carbonate appears as a cement within silcy to

aandy horizons range from 1l to lcm in thickness (Plate 6-4c),

-




PLATE 6-4: ASPECTS OF DIAGENETIC HN- CARBONATE

a: SEM/EDAX photomicrograph (backscatter modej 11lustrating isolatad,
euhedral rhodochrosite crystals within red shale (surroundihg dark
area); Middle Arm Point Formation. - .

b: Photomlcrograph ef Mn-carbonate crust localized along burrowed
horizon within (green) shale. Carbonate occurs as irregular domains,
which petkilitically enclose scattered siliciclastic silt gralns; green
shale Iinterval, Middle Arc Polnt Formation; scale bar is 1 mm,

1]

) ¢
c: Diagenetlc Mn-carbonate horizon collected from shale-dominated

interval, uppermost Middle Arm Polnt Formatlon; horlzon occdura within
shale (s); margins (arrows) are pervasively silica-cemented.

d: Photomicrograph of Mn-carbonate horizon 11lustrated in 6-4c,
displaying angular siliciclastic silt grains polkilitically surrounded
by carbonate; pervasively silica-cemented margin (S1) appears at base;
scale bar is .1 ma, ) i :







display somewhat irregular but bedding-parallel margina and are

laterally continuous over outcrop scale,of several meters,

Cementation is pervasive within these horizons and polkilitically

surrounds rounded to angular siliciclastic grains wh}j,h com?nly
range from coarse silt to fine sand. This cement occurs in frregular’
dom.a].‘ns roughly .5mm in size (Plate 6-4d), Faint relics o.f OVEeTr EIOWD
silty dolomite grains are locally Ivisible within the cement. No
compositional zoning froﬁ core to margin has Eaan datéct;d within
these horizons, neither petrographiﬂcally noer by microanalysis. The
horizons are, however, locally bounded by thin margina‘l, -aymmetrical
zones of pervasive mlcrocrystalline silica cementation (several
millimeters thlck); this cement also appears as scattered domains
vithin the caréonate horizon itself.

Non-.systemal:ic compoéitlonal varlation Bppgars uitl‘i}n the
carbonate cement. XRD reflections of the _c.arbonata present are
uninterpretable, in part because of mutux;l_'interference, -and also
probably because of peak shifts associaced'-with complex substition

.within the carbonate{s): Two principal populations appear based l..lpon
composition established by microprole. The most abundant“ is Ca/Mg-
rhodociosite of a\}erag; composition Mn - Ca Mg co . Tl;e

' : (.59) (.28) (.17) 3

second 1s Mn/Fe-dolomite of .average composition
+
Ca Mg Mn Fe ¢C0 ). The complex compositional
(.50) (.23) (.22) (.05) 1 :
variation, and presence of the second species, ma¥y have resulted

from the extensive replacement suggested by the Eresence of the
relic donite rhombs.
Tho presence of more subtle, diffuse hor_izons of d,lag;netic Mn-

»
carbonate within shales of the same general stratigraphic interval
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described sbove was initially indicated by bulk shale samples which
display surprising concentratlons of MnO ranging up to 4 wt.&., More
datailed exasination upon subsequent visits to such ]:ocalities .
revealed the presence of h;)rizons ranging from .5 to 3ecm thick which
comphrlu varisble concentrations of very fine crystel"lline carbonarte —_—
hoated within otherwise massive, commonly green shale. Faint relic
biot'urbati_o; scrucctures locally disrupt such horizons.

More detailed examination of these horizona using the SEM/EDAX
reveals the presence of overgrown carbonal:: gra'ins which=eommonly
raﬁe in size from 10 to 30 micrometers as well as siliéiclasgic
grains of cour[.:;arabla aize, within a clay matrix (Plate 6-5a). These
fine silt graina are c;)monly concentrated in very thin laminae, and
‘carbonate overgrowths uithin them form an interlocking mesalc. The -
irregular, cdonly rounded core of these carbonate gralns suggests
that they have been abraded prior to overgrowth. Microanalysis of
one sample using the EDAX (refer to Appendix E) qualitatively
indicates the profound enr{chment o_f Mn (and to a lesser degree Fe)
wichin the overgrowths relative to the cores. The average core
- composltion {s Ca Mg €0 ) while the composition of the rim

(.67) (.33) 3
iz Csa Mg Mn Fe (CO ).

(.46) (.15) (.31) (.08) 3

Of particular interest in the same sample iz the presence of
barice, visiblq-.usingh the SE‘.H/EDA&. This barite forms &

s .
di{scontinuous rln' around the abraded cores of dolomirte grains,‘and

-

1s patchily distributed through the overgrovtfﬁlate 6-5b). The
possible signifi~ance of this precipitation of barite, impediately

predating and coeval with mangunlferous dolomite precipication is

b -
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discussed helov In terms of the di:aganetlc model, —

Core/r{m relations-hips within dolomite grains could not be as T
.readily resolved In another sample which vas aﬁalysed ulsing the
microprobe, and coﬁtalns dolomite grains of averag'a composition
Ca Mg Mn Fe {CO ). »
(.48) (.32) (.14) (.06) _ 3 -
Late, coarse recrystallization of diagenatic carbonate horlzons
Tl to 3cm thick) has also‘.occurred, in arsss of relatively more .
intense deforn;atibn {e.g. vicinity of Mclvers, core of Woman Cove ’ .
syncline), within what is clesrly deformed Middle Arm Point shale. o
- Evidence that these horizons were recrystallized during tectonism ‘
includes their disposi.-éion only in deformed zones, thelr assoclation
‘ wi-th thin fracture-fillings at a high angle to bedding, and their‘ .-
coarse-crystalline fibrous nature, which 2s comeonly noted, in thin
section, to be assoclated with tension-gash formation.
These horizons contain a complex mixt;ure of Mn-carbonate,
Coarser crystals, which locally display a rosette, nor "button—lll:ﬂ

habit (Plate 6-5c), have been identified as rhodocrosite by XRD

examlnation. Microprobe analysis of coarse crystals wichin more

masslve horizons indicates 2 compoesition’of
o .Mn Ca Mg CO . Finer-crystalline carbonate contains
(.82) (.la) (.04) 3
variable concentrations of Ca and Mn and but commonly displays an
average compositlon of kutnohorite: Ca Mn’ Mg co .
' (.79 (.19) (.02) 3
6.2.2.3 Carbonste overgrowth within silty dolostones .
; ‘ The general aspect of silty dolostones has been described

ar

previously, in Chapter 4 and in the first section of this chapter.

These units comprise an Interlocking mosaic of dolomite grains which
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PLATE 6-5: ASPECTS OF DIAGENETIC CARBONATE OVERGROWTH

a2: SEM/EDAX photomicrograph. Interlocking mosalc of *overgrown)
dolomitic grains (D), localdy replaced by silica, and accompanied by
detrital grains of quartz ({) and feldspar (fsp); diagenetic Mn-
carbonate hortzon, uppermost Middle Arm Point Formation.

b: SEM/EDAX photomicrograph (backscatter mode}, Dolomite grain

displaying irregular, abraded core apd Mn, Fe-dolomite overgrowth;
brlght material rimming core and sgattered throughout overgrowth is
barite; diagenetic horizon, uppermost Middle Arm Point Formation,

S

c: Racryntallized rhodochrosite displaylng rosecte or "button-like"
habit (darkened by weathering) within green shale macrix; Hiddle Atm
Point Formation.

d: Photomicrograph of silty dolostone from transitional base of the
Woman Cove membser. Dolomite component is dominated by clusters of fine-
crystalline-dolomite (cl}, but also contains individual abraded and

overgrown dolomite gralns (arrows), which dominate stratigraphlcally'_
higher ailty dolostones; scale bar '{s 1 mm,

R

€ Pﬂhtomiérograph of silty dolostene displaying interlocking mosalc of
overgrown dolomite kraina; note late ferroan overgrowth localized along
thin vertical plangs, and vertical margins of individual gralns,; scale

bar is 1 mm. N . J







have been pervasively surrounded, and.locally partially replaced, by
fine-crystalline silica. Dolomite grains are thoqghc to have been
derived th;::;h t;o principal mechanisms: the generally eafly . .
replacement of calcltic grainh and intraclas;:s, and the in situ

overgrowth of datrital dolomite graims. A survey of this lithology,

using st;ained thin sect;io-ns, cathodolumineééence, SEM/EDAX and

microprobing {ndicates that églomite overgro;th is highly variable,

-

both {n degree and in composition, between and within {ndividual
sumples. . ‘ _

Stainlng,;nd cathodoluminescence indicates that, in generalt_ﬁo -
to 754 of the dolomite grains within these silty dolostones display
a ferroanl.générally euhedral style of overgrowth. The remainder of

-

the doloalte includes 1) irregular, abraded grains, similar to the

N cores—of nearby overgrown gra-ins, and 11} euhedral to subhedrsl
. . b
.\\\ ’ - gralng, which do not contaln a detrital core, but which ‘may locally -
dlapliy .1nt:ern11 zoning.

A comﬁafable mixed population_{s apparent_under
cathodoluminescence. This includes 1} gruins with a generally small
non-luminescent core: displaying a moderately to brightly.
iuminescent overgrowth, which is chmonly surrounded by a thin non- . -
luminescent rim.-li) {irregularly-shaped, non-luminescent grains
which locally display a thin {u;lnescent rim, and {11} gralns which

are faintly luminescent te non-luminescent throughout, locally

displaying internal zoning. The first group corresponds to the

—==abraded-core, Mn-to-Fe-rimmed dolomite which dominates the Hiddle . ‘
. Arm Point, and changing Fe and Mn concentration Is cLearly'

responsible for t'e luminescence pattern observed (Faifchild, 1983,




-
A

cf. Conlglio, 1985). The second group caﬁ be correlated with

.
&

detrital gralns which have undergone very limited overgrowth, while
the third group-1s thought to include both the “rep}acaﬁant'
dolomites described sbove, and dLreqtlylprecipithted dolomite,

without a detrital core.

w

Coﬁﬁésitional varlation within dolomite overgrowth

The broad speﬁtrum of compésltional variatien in ;olomlte
overgrowth which is sdggested by staining angd cathodoluminescence,
has been examined using the SEM/EDAX and microprobe, and examples
indicatfﬁe of thls varlation are discussed here éddta summarized in
‘ Table 6-1), Dolomite cement from ;he Cooks Brook Forma{lon is

included as a basis for comparison with the dolomitic siltstones of

the Middle Arm Peinc.

Ferroan enrichment withiin dolomite ,cement of the gggké Brook

As noted in earlier discussion of\tha diagenetic sequernce,
ferrcan enrichment occurs with{n calcite and dolomite cements
through tH%.Northern Head group. The compositional zoning 1in such
‘ dolomite—cements constitutes an outward enrichment in Fe, commonly
most pronounced slong -a. thin rim, with no asssociated increase iﬁ
Mn. A Coocks Brook (Upper.éambrian) example is included in Teble 6-1?
ardfdisplays generally high Fa values throughout, which rangé from
2.98 wt.% FeO (4 mole & FeC03) at the core, to 7.6 wt.& FeD (10,6‘

mole % FeCD ) ;:t the rim.
3




- Table 6-1 Dolomite: Summary of microprebe data
.. (each enctry is an average of five analyses}

-

1} P.A.2: Cooks Brook dolomite cement

3
Cote ’ Mg Ca

wWe.t oxide 16.'65 3l1.19 . 765
Mole fraction L403 . 545 . D096

Rim !
Ve.s oxide 16.11 - 27.53 .26 7.56
Mole fraction 401 . .488 .003 .106

2) NAP85-4: "replacement” dolomite, base of Woman CBQ; Mbr.

Mg ca Mn Fe

We.s oxide .. 19.61  32.35 D6 1.00
Mola fraction .451 . 535 LU0 .012

——

-

1) WCW-7: detrital dolomite, upper portion of Woman Cove Mbr.

“Core - Mg Ca , Fe

We. s oxlde 20.35
Hnlaﬂjractton <. 49 .51

Rim

we.y oxide 17.02 28.68 3.54 1.51
Mole fractioen L4ls . 509 ;051 .023

4) MAP-1: thin bed of silty dolostone, uppermost M.A.F,

Top of bed

Core Mg Ca ¥n "Fe
. ) .~

Vt.& oxide 18.86

Mole fraction La45

Rim
/i——‘ -
oxlde . 32.90 LG02
fraction - . 560 . 006
of bed W
Cg ~ HMn

oxlide ‘ 33.52
fraction .550Q




g

Rin

Jt.% oxide
Mole fraction

5) NAl2: thin

Top of bed
Core

Ve.4 oxide

Mole fraction -

We. 8- oxide
Mole fraction

Base of hed

Wt.& oxide
Mole fraction

Uf + oxide

Mole fraction

Table 6-1

17.65 -
.410

A
33.10 =&

.551

(continued)

.650
1007

2.53
.032

bEd'Q{/filty dolostone, uppermost M.A.P.

Mg

16.28
-403

12.63 ,
.18

Hg

15.46
449

15.46

.366

Ca

30.36
.542

28.52

.514

30.19
. 545

30.19
.518

328
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Mn

2.27
.031

6.16
,088

1.50

3.50
.048

Fe

1.75
024

5,37
075

4.76
.004

4.76
065




Hld‘le Arn Point dolouitic slltstones

Sllty dolostones at the trsnsltional base of the Uornan Cove
II: rnember are dominated ')y "clugters” of fine- crystalline dolomite
Iuhich are 1nterpr_eted to represent thoroughly delomitized gre‘ins and
:I.-ntracl'ast:s {Plate 6—5d). These locally display e faint, scat-tered
ferroan alteration or encepsulation in eé:hin fe.r.::nan rim, with ne

' assoclated Mn-enrichment. Hilcroprobe analysis indicates an average

composition of Ca Mg Fe (Co }. i )
o (.54) (.45) (.01 1} o

Graina displaying irregular, non-ferrcan cores with ferroan
overgrowths are scatrered throﬁghout ‘L‘his basal interval (Plate 6-
5d), and dominate the silty dolonites imediately upse,;}i.on withir;
the Woman Cove member proper The core/rim reletlonship in these
gralns is apparenc using the SE‘H/’EDAJ{ (ba‘c’k?.:sggatt:er mode}) and a
“traverse of microanalyses (SE;H/EDAJ{) indicates pronounced Fe-
enrlchment. with litrle asaoclat_:ed Mn-enrichment (fig 6-3),

displaying an 'afflnll:y in style with the Cooks Brook cement dolomite

de.e cribed above.

A aample chose;-l from the uppermost part of the Woman Cove member

(WCW 7) Lllustrates the common occurrence of beth Mn and Fe-
'_enrlchmen_trin the rim. -'I'he irregular cores 1n thls sample display a
+ -k ’ ’ .
relatively uniform composition consistent with an average of

Ca Mg (CO ). The rims in thls sample display an average
(.52) (.48} 13 : o
tomposition of Ca Mg Mn Fe co .
(.51) (.62) (.05) (.02) 3
Hn/Fe ratics, as indicated by microanalysis, are commonly highly

* varlable within and between individual samples, as suggested by
petrog-aphic examination and the highly variable style of

cathodolumlnescence. Dne-sample. for exmpie, containsg gralns where

-
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1) there §is no com;_vositional difference between cora and rim, ii)

tﬁel;e is an outward decrease in Mn, or {11) there is an increase

from zero concentration {n tha core to levels, ir the rim, of FeO

raﬁging from 2 to 7 wt.¥ and MnO ranging from 1.3 to 4.3 wt.v. In

general, Individual oveérgrowths display & transition, detectable
using the SEM/EDAX _and 'consisFehc with cathodolumines:cence patterns,
of increasing Fe/Mn ratio outward.

§ .Horeove_rl,' some thin sections examined span Individual thimbeds
of silty dolostone, and i.ndicat:e; transitional differences in the
style of overg‘mwtl-i th;ough the bed. In some cases (e.g. Sample MAY
1), ferrgan overgrowth and "granular® ferroan. cement appears to be
much more pronounced at the base of beds, as indicated by staining
and confirmed by microprobe analysis (summarized in fig. 6-4, Table
I6-—1). Mn-enrichment i{s much more subtle in this ca.ﬁe.'

In other cases, normal grading is evident within a thin bed', and
very fine sand gralns at.the base display unaltered cores of average
compo_sltion Ca - Mg {CO ), with thin Hn/Fe—rich tims, while

{.55) (.45) 3
fine silt grains at the bed-top display relatively much broader
rims with more pronounced Hn/Fe—enrichment\(fummmarlzed in fig 6-5).
In some grains here no cores are visible (sgee fig 6-'5') and elther
_l:otal .core-repl‘acement or direct preéipitation of Mn,Fe-enriched

aolomite has occurred. This may be one mechanism which contributes

to the varifability in dolomite grains wentioned above.

il

£




Figure 6-3

.

Compositional variation within dolomite grain in the lower portion of
the Woman Cove member (Sample NAPB5.3). Traverse of microanalyses ysing
the SEM/EDAX qualitatively indicates Fe-enrichment at cthe rim, with
«only subtle Mn-enrichment.
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? " Flgure 6-4

Schematic {llustration of more pronounced Fe-enrichment, within
overgrowths and late dolomitic "granular” cement, at the base of a thin
{approx. 2 cm) sllty dolostone bed, uppermost Middle Arm Polnt

Formation. -




PERVASIVE SILICA CEMENT

CORE
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Ca 545Mg 440 "ﬂg,esFe 008{COs)

. Ca 560Ma 49 oM" 0-:3'5r e 012(003)

Ca g5Mg 45(CO3)

Ca 55Mg 41Mn go7Fe 032(C03)
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'GHANUL'AR' DOLOMITIC CEMENT; SIMILAR )
COMPOSITION AS RIMS OF DOLOMITE GRAINS




Figure 6-5

Variation in style and ®emposition of overgrowth through graded
dolostone bed, uppermost Middle Arm Point Formation, Compositicnal
zonlng 1s apparent in SEH/EDAX photomicrographs {backscatter mode), and
is confirmed by microprobe analyses shown (each an average of five
analyses),







*

6.2.3 Diagenetic precipltation of Mn/Fe-carbonates In the Northern

bt Hgad group: Interpretation

-

The general model of tha progressive reduction of sediment,
during the bacterially-modlated oxidation of organic carbon under
shallow-burial conditions (Appendix G) provides a clear mecharism
for the introduction of reduced dn and Fe into pore waters and their

reaultant availability for.incorporation into early-precipitated

°

carbonates.
-The videly accepted mechanlsm of concentration of Mn and Fe in
deep-na?ina aedim;nts 19 most simply expreésed in an example with
luall-;xyganntad bottom waters. In this setting, Mn and Fe, mobilized
under ih;Ilow-burial-early dlagenetic conditions, are transperted
upward by processes of molecular diffusion and pore-water movement
during early de-watering. When thsse. dissolved metals ;néounter
overlylng oxidizing conditions the precipitation of Mn and Fe oxides
occur; acfoss an "oxidati{ve.front” (Lynn and Bonattl, 1965; e.g.
Wilson et al., 1986). Under conditions of slightly lower Eh and
elevated blcarbonate concentration, however, this precipitation will

occur not as oxides, buf e3 carbenates (fig 6-6). The buffering

action of hydrogen ion uptake during Mn oxide reduction may be

{mportant {n such a case (Suess, 1979; Hesse, 198&).

"An analogous relationship betuegﬁ Mn oxides and carbonates 1s
{llustrated in Cretaceous and Tertiary shallow-water-deposited Mn
ore depogits (Frakes and Bolton, 1984; Bnlton and Frakes, 1985).
Here Mn-oxides have been precipitated in the shallowest, best-
oxygenated portions of the basin, whilé_laterally equivalent Mn-

carbonates have been precipitated at greater water deptha: under
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Figure 6-6 -

Schematic Eh-pH diagram illustréting the relatfonship of Mn-carbonate
and oxide stabllity fields, and the typical oxidation path of an anoxlc
water mass {(redrawn from. Furce et al., 1983).
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apparently lower Fh conditioms." ’

The contraﬁting solubility of Mn and Fe under deéreasing Eh
conditions (fig G-2) provides a theoretical basis for expecting that
under progressive burial end resultant ‘progre‘sslve reduction, Mn
will become enriched in pore waters, and available for lncorporntf;;
in carbonates flrst, followed by Fe under continued lowering of Eh

conditions. One lmplication of this diagenetic separaiion of Fe and

Mn 1s ‘compositional zoning within co-precipitated carbonate cements

and overgrowths (cf. Frank et al., 1982). Within the silty

dolostones descrlbed above, the general pattern of 1) the n?sencs of
Mn in cores, followed byfli) Mn-enriched overgrowth and iii)
subsequent Fe-enriched rim is thought to reflect this mechanism. Thav
ferroan naﬁure of the subhedral, "granular” dolpmite cenment which
was precipitated coeval with final silica cementation {s consistent
with its derivation from more,highly evolved, Fe-enriched pore
water. The same overall pattern has been well-documented in the

carbonate cements of the Cow Head Group by Coniglle (1&85) through

the use of cathodoluminescence and microprobing,

6.2.4 Contrasting diagenetic settings in the Northern Head

Group
The conspicuous appearance of Mn-carbonates within the Middle
Arm Point Formation, In the varlaty of occurrences detalled above,

contrasts with the "Fe-only" enrlichment noted wl}hln calcise. and

L4

dolomite cements of the underlying Cooks Brook Formation., It {s
clear that processes of early dlageneafs differ in these two

formations, in concert with the contrasting depositicnal settings

r
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Figure 6-7

Schematic summary of the cgntrastfng diagenetic settings of the
Northern Head group. The location of Individual samples {e.g. NAP85-4)
referred to In the text and Table 6-1 are alsc-—shown.
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t
outlined in previous chapters.

- "
These contrasting depositional settings are schematlcally"

{1lustrated in fig,6-7 and arc broadly distinguished as i) the Cooks

Brook "anoxic" dlagenetic setting and ii) the Middle Arm Point

"suboxic" disgenetic setti'hg. 3

i

6.2.4.1 Cooks Brook "annxl_c" diégenetic setting

The extensive preservacion "oF organlc carbon 'ﬁnd_ pauclty of
bleturbation through the F;)oks B'rotl:nk Fpmation'suggests that  levels
o-f dissolved OXygen were very lov in the depositional s_etting
overall, and that anoklc cqnditicns at the sea-fl'c;or were probably ’
commor;. In such & setting, the absence of the zones of i) oxidation
and 11) pltrate reduction may be expected, resultihg in the pre'sence
c;f the sulphatu raduc.tioﬁ zone at the sea-floor. Unc;er-the sarly
onset of such reducing conditiens, the very early mobilization of
Mn, elther i:n the water columnm, op the sea-floor ;JI.' at very shallow
burial depths (vhers upward diffusion would occur) may be expected.
The net result is the loss of Mn to the water column, aﬁd its
probable removal by wvater movement. 'I"his' type of Mn mobilization is
widely noted in modern examples of reduced bottom-water conditions
(Grill, 1978; Klinkhamer and Bendef, 1980).

) The mobilization of’ Fe, on the other hand, maj be expected
‘ through tha gone of sulphate reduction and irito: the zone of
‘methanogenesis, This reduced Fe vill ‘fi::sr. be incorporated in
'sulphide;, and upon the depletion of reduced sulpl'.lur, may be
l.ncdrp.oratad in the precipitati::n of carbonate (Hein et al., 1979;

Hezae, 1%86) : '




This style of early dlagenesis is consistent with the
progressive enrichment of Fe in calcite and dolomite cements of tha
Korthern Head group. Samples discussed above from the lower part o'f
the Woman Cova meml':er also demonstrate an affinity with chis style -~
of diagenesis, }n the Fe-enrichment noted in dolomi.lt:e oversrou'ths
with little assocliated Mn-enrichment. This suggests that the
transition into the overlying dlagenetic setting may have occured
through the lower part of the HiddlL Ava Polut.

“Petrographic evidence from the silty dolostones of the Middle
‘Ar;n Polnt suggests that some late precipltation vf ferroan dolomit;a
as ove.rgroulrths may have occurred during ver;:ical fluid movemem‘:.
'-:lil:hin several samples ferrcan overgrowth i{s pronounced along thin
vertical "‘line.s" which transect the ;ample, wichin an othar_u-risa.

subtly overgrown dolomlte mosalc (Plate 6-5e}. Theselsubl‘.la features,

are not late fractures or veins, and are revealed only by stai'ning. .

This su'géests the possibility that reduced Fe may have been derived.
at oné level in the diagenetic zonation, transported upward and -

precipitated later. . . '

6.2.4.2 Middle Arm Point "suboxic™ diagenetic setting

The elevated levels o'f bloturbation, paucity of organic carbon

.

and videspread occurrence of hematite through much of the Middle Arm

. Polnt Formation Lndicate elevated, levels of dissolved oxygen in the

depositional setting relative to the underlying Cooks Brook

Formation. The implle’d-levels of dissolved oxygen need not be

particularly high in this case, since oxygen levels as low as .5ml/L

a4
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0 may have supported bioturbati;m at the le..vels noted (refer “to
Clzmpl:er S}v-n:fl r.emained within the scability field of hematite.’ This -
changs in depositional setting is accompanied by an apparent change

in t};e style of early diagenesis, manifested by the diversa

_ocrurrences of Mn-carbonate discussed above, and the precipitation

of barité, which has been mentioned in the c_fli.sbussion of dlagenetic

sequence above and L3 discu.zed In greater detail below,

6.2.4.) Recent analogues of Mn-carbonate precipitation

The presence of dlagenetically-precipitated Mn-carbonate formed
under shallow-burlal conditions in modern deep-marine settings has
been documented in numerous examples. In general, Mn-enrichment —
gbpears in the upper 10 to 20cm of cored intervals, as horlzons,
crusts or cement dominated by Hn-carbc;nate, commonly in association.
with Mn-oxides (Calw;rt and Price, 1970; 1972_) and locally with
associated H;suiphides‘ {Suess, 1979}, Concentrations of 1.5 to 5&
Hn are present in bulk samples of such horizons (Calvert and Price,
1970; Pederson Qnd Price, 1982). .Ca‘rbonat:e compositions of
Mn Ca . Mg CO (Suess, 1979) and To- *
¢.85%) (.10) (.05 13 .
Mn Ca Mg CO (Calvert and Price, 1970) have been
(47.7) (45.1) (7.2) 3 - t
reported. These Mn-carbonate horizons sre associated vlth elevated
levels of dissclved Mn In pore water, ranging up t;J approximately 15
ppm (Calvert and Price, 1972},
The machanisu- of this precipir:ation of Mn-carbonate within

]
sediment appears to b. somewhat variable, but is—basically

consistent with the general medel outlined abeove, 1.e. the

mobilizacion of Mn under reducing condicions assoclated with

s o .-
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progresalve burial; the upwsrd movement of this dlssolved HMn, and
subsequent. precipltation at shallower levels in the sediment.

Several examples indicate the clear association of Mn-carbonate vwith

coarser horizons within the sediment, where 'grain—s_iza 1s thought to
-havo had a catalytic effect on carbonate nucleation ¢Hein et al.,

1979; Pedersen and Price, 1982 and other examples clted therein).

"'I'his effect 1s evident in the diagenetic horizons described. above.

This style of precipitation apl;‘éars to have, occurred at

different levels within the sediment, relative to the diagenetic

1

zonation described above. Evidence of relatively shallow.

precipitation 1s reported in one example from the Panama_Basin

(Pedersen and Price, 1982)., There i{s no evidence, Iin this case, of
varlation in pora-uatér alkalinity through cores pf 1601::;1. There is
no lgnifilcant difference in organic carbon contgnt of sediment
through tl;is intervall, nor le there any evidence of sulphate

reduction. The carbon isotopic signatute of Hn-cagl:_'onate herve Is the
same as that of co-deposited benthic ‘forams suggesting the supply of
bicarbonate .and Ca by local dlsselution. Sufficient organic carbon
1s needed in such a setting only to'act as as eiectron donor in the_u
reduction of Hn oxides, which may commence at Eh levels as high as

+330 mv (ibid.). Carbon 1sntopic evidence in other examples

indicates either {) mixed derivation of carbon from organic matter

" and local dissolutlon sources (Suess, 1979); to 11{) organic-derived

carbon from the zone of methanogenesis (Heln et al., 1979 .
Evidence from pore water sampling anci theoretical conglderations

suggeat a general pattern of Mn @istribution in sediments overlalin
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relatively oxldizing marine waters, Tllustraced in- fig 6-8. This
indicates the mobilization of H.n in the lower part of the 1ntgrval,
!.I:‘I upward concentratfon gradient to a layer (at variable depth
-depending upen local conditions) which is saturated to
supersntl;:ral:ed with respect tq MnCO  and vhere precipiration of Mn-
carbonate occurs. Loss Iby diffusionsaccoun:s for t?m vpwafd decrease
in diasolved l'!ln above this I_a.yer (L1 et al., 19‘69; Calvert and
Price, 1972: Robbins #nd Callender, 1975).

[

6.2.5 Precipitation of Mn-carbonate in the Middle Arm Point

Formation

The foregoing discugssion suggests that three principal
mechanism§ I;lﬂ.y have controlled ti'-la locus of Hn(.I-‘e)-carb_onate
precipitation within the Middle Arm Point Formatlon. These are:
1} -poroaity and/or permeability variations through a given interval,
which probubly accounts for {) the -style of diesgenetic hori.lzon which
originated through peikilitic cemeptation of silty or s'a.n.dy layers
and 1f) the variable overgrowth vithin dolonit‘i.r: siltstone units.
Solubility factors would also clearly have been modified, in the
second case, by the presence of detrital dolomite grains which have
acted as templates for subseq\:ent overgrowth from Mn/Fercnriched
pors wataers.
2) Precipitation of Mn-carbonate within otherwise relativelly
homogeneous intervals ma-y have been localized purely by
reaction/diffusion-contrelled gradients in Hn and bicarbonate ’

concentration as schematically fllustrated in figure 6-8. This may °

account for the occurrence of intervals of scattered rhodocrosite
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Figure &6-B

Variation, with depth, of A) Mn content in sediment, B) dissolved Mn
concentration within pore waters, and C) total ilnorganle carbonate
content within wodern pelaglc sediments. These data (redrawn from Li et
al., 1969) are correlated, in D) with the gevertilng mechanisms ef 1)
reaction (1.e. solution and precipitation of Mn-carbonate phases) and

2) diffusion of disselved species to overlying bottom-waters (redrawn
from Calvert and Price, 1972). o
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cryscals, and for the "dl.ffuse"‘-styls of diagenetic horizon, both
described above. In-the second case, the presence of very fine..
detrital dolomite gralns :;ay ayl;in have further acted to locallze
.Hn-carbonate precipication.

The pres;ance of "detrital"” hematite disseminated through silcy
dolostone units and locally coating overgrown dolomite grni;ls, prier
to silica cementation, prevides an lmpor:'tant clue whicW suggests
- that preciplcation of Mn/Fe-carbonate (as overgrowths) in these
unita o2curred, at least locally, under relatively elavgtad Eh
conditlons. It is cle:r that under more reducing conditions, ferric
"Fe would be reduced, and would be either removed in solution or -
pre;:iplitated as Fe-sulphide.

The \:ariabla style of‘ overgrowth described from the silcy
dolostones of the Middle Arm Point i:; thought ?0, record the complex
interplay of several factors, which include 1) the iocal
avatlability, in pore-waters, of Mn -or Fe for incorporation in
overgrowths, and 11} the "access"™ which these pore water;i have to
precipitath:lg; dolomite, which may be governed by 10ca1-permea_b111ty
or po‘rosit:ll?' variations, in turn affected by the timing and degree of
sllica cem;ntation. Hence abraded grains which are not overgrown mn'y
have been 1501ated by early cementation or other perme#bility

barriers, wtl}ilé the variai:le Mn/Fe ratio of surrounding t;vergrouths
may reflect the punctuated onset of overgrowth from pore-water at T
different stages o‘f evolution. Gradients in the nature and
composition of over rowths through lndilridu.al_beds m.;y possibly
reflect 1) 'progresZ\re. basallly-aggrsded precipitation of carbonaté |

through the bed during burlal, or 11) sharp concentration gradients
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of Fe and Mn reflecting locally praonounced redox gradients.

6.2.6 Potentlal preservation of early-precipitated diagenetic

horizons

Clearly continuing burial will result in the migration of
sedinent through progressively more reducing conditions and will
result in the continual dissolution and upward recycling of Mn near
the top of tha sedimentary column (Robbins and Callender, 1975;
Grill, 1978; Uilson et al., 198gj. Uﬁﬁer these cireumstances it is
difficult to ilmagine the-ultimate preservation of hori;ons of
dtaganatie Mn-carbonate such as those described above: Two posgiﬁle
preservation mechanisms are suggested.by the Middle Arm Point
OCCUrYences: |

¢

1) It Is unclear how much organic carbon wmay originally have been

] &e;osited through tha'Hiddle‘Arm Point Formatioen, snd sﬁbsequently
loste chrough bacterial metabollisn, however the green and red shales_
'Iwhich host d}agenatic Mn-carbonate now contain essenéiélly no
organic carlon, iﬁe‘bacterially-driven oxldatrion of organic carbon
is essentially the "engine® which drives the continuing reduction of
sediment through progressive burial. Contained organic carbon may be
fotllly consumed early {(i.e. at shallow leveis) in the diagenetic
system, cthrough a comhlnatian of diminished initial supply and/or
extensive consumption in the oxidation ;one. It 1s possible that
ﬁndgr these conditions Eh may atabilisé\during.contlnued burial-

until lithification is essentially complete.

2) The possible role of early pervasive, silica cementation as a

-
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locally early closurelof the diagenstic syatem has boen sugyested in
preceding sectlons, and this may have acted to preserve early-
precipifatad dlagenetic features under continued burial. The
presence of fine crystalline chert, ;6—prec1pitated with recent .
dingen;kic Hn-csrbonate} has been noted by Suess (1979). He regarded
thia as remobillzed blogenic silica and suggested that the
diasolution and repreclpltation of silica and oxidation of organic
matter procesded slmultanecusly.

6 2.7 Distributiof pnd significance of barite

The occurrende Of authigenlc barite c;ystals within uppernost
Middle Arm Point shale has been outlined pre;iously. Similar
occurrences of barite throughout this interval are implied by the,
geochemical signature of shales, which indicates prominenc barium
anomalies, ranging up to .5% Ba (fig 6-9). It 13 not considered .
likely tﬁaf barium is present in this -abundance in any form but
barium sulphate. Incorperation of barlum within diagenetically-
precipitated feldspars has been repﬁrted in Ordoviclan sediments
{Bjorlykke and CGriffin, 1973), but similar occurrences have ndt been
noted in reconnalssence microanalysis of authigenic feldspar within
the Northern Head Croup.

The only other sulphatq‘qccurrence is fine-érystalllne
celestite, present In four barlum-rich samples (fig 6-9), This is
indicated by anomalous Sr concentrations (400 to 660 ppm) against an
otherwise uniformly low (100 ppm) St distribution through the

———

Northern Head group.

o mm— m—
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" 6.2.7.1 Origin of barite

Adkhigenic burita-il.a common minor compoﬁent of modern pelaglc
sediment, vharo‘;oncent&ations of 1 to 3 & have been noted (Dean and
Schrelber, 1978; Church, 1979). Concentrations of barice are
geﬁarally aggoclated with accumulations of pelaglc biogénic debris
{mlliceous and calcareous plankton),‘and barite is rich In pelleted
suspended partiéulate mat{er within the Paciflc Ocean (Church, . .!
1979). Eggwlqhstandlng speciflc and localized examples of
hy&rothermal inpuc, the "degradation and alteration of barium-
enriched.biélogieal remalns Iin reacricted, sulphate-excess
ﬁlcréanvironmants“ {s regarded as the principal source of barite in
modern deep-marine sedimeﬁ;{-(Church. 19795.‘This cannot be di;ectly

demonstrated, but 1s considered consistent with barite occurrence in

the Middle Arm Point Formation.

6.2.7.2 Postulated significanca of barite distribution in

the Northarn Head group

The localization of authigenic barite within the uppermost
Middle Arm Polnt and lovermost Eagle Island formations offers o

confirming evidence of the contrasting early diagenetlc settings,

outlined above, within ths Northern yead group.

Barite has been noted as 1) early precipitated, euhedral /
i
3

crystals, locally replaced by calcite, which appear to predate
adjacent detrital dolomlte overgrowth, ii) thin rims coating
detrital dolomite grains and patchy dowmains within subsequent

overgrowths, and 11{) 1rregular domains precipitated during complex

-




Figure 6-9

. Stratigraphic distribution of Ba within shales of the Northern Head
group. Anomalous concentrations of Sr withln four Ba-rich samples are
also indicated, and range from approximately 400 to 600 ppm.
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-chert/Mn-carbonate nodule formation.

As outlined ;bove, active sulphatﬁ reduction will occur at, ot
near, the sediment-water int;rfaco under anoxic conditions, and the.
early diagenetic preciplitation and/or preservation of sulphate
minerals in such a secting Is highly unlikely. Thls 18 oconsistent
with the apparent absence of barite through the Cooks Brook *anoxic®
diagenetlic set;ing outlined in the preceding sectlon.

v This bacterially-driven sulphate reductl;n proceeds only in the
Eomplete agsence of oxygen {(Berner, 1980) and under more oxidizing
depositional conditions, an oxidizing zone of variable cthickness
will exls; at the top of the sedlment column, where sulphate is
stable, The principal sources of sulphate In pore waters of this

zone will be 1) diffusion from overlylng seawater and {I) upward

diffusion of reduced sulphur from the underlyinp zone of sulphate

reduction, which has been subsequently re-oxldized (Tissot and
v

Welte, 1978; Berner, 1980). Such a diagenetlc environment clesarly

represents sultable comditions for the precipitation of sulphate

minerals (1.e, barite} and the distribution of barite described

.

above 1s considered further evidence of a “suboxic” style of early

diagenetic setting within the Middle Arm Polnt Formation, as
outlined Iin the preceding section. The preservatlion of such early-
__precipitated barité, upon coneinued burial, would depend upon
factors of subsequent early cementation and the overall reducing
capacity of more evolved pore-waters, as discussed previously. The

corrosion and replacement by calcite, noted previously, may pogslblf

record localized diagenetic aventa in the sulphate reducction zone.
t
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6.2;8 Evidence from pvrite _pr.ecipil:atl.on

The occurrence of pyrite as 1) an early, commonly fine-

‘ - eryetalline authigenic phase within black shales and 11) & late-.

atagé réplacement, comionly of al:lthlgenlc carbonate, within green
shales (aalpeciallly in the Middle Arm Point Formation) has been
dascribed 1n Sectﬂi‘:;:n.l. —

Under Ithe eat'ly'onsel: of .ar!oxic conditions rephresented. by black‘
éhale's ,” the coeval proces‘ses of sulphateltec_!uction a;ld reduction and
mobilization of Fe p‘rovide a veady mechanism for thé ear-ly
pre:ci.pitat:ion ‘ot" Fe sulphide. This commonly proceed.;.i ;tt:nrough an
Intermediate metastable-Fe monos;.llphida to pyrite (Berner, £980;
Curti;l 1980). This may'occur within diagenetic microenvironments,

‘u;:h ag thin black ('il..e.l organic harbop-rich) sh‘ale beds, accounti.ng
for the olt;aerveﬂ’ localization of pyrite within them. The same
principle appllas to the Cooks Brook “anoxit"® dlagenetic setting as
8 whole, and suggests that the "early” at:yle of authigenic pyrite is..
;::Qﬂsistent with the interpreted overall pattern of early diagenesis.

On the other hand, the generally cosrser, “replacement-st).rle"' of

pyrite noted within green shales génera'uy, parléicular]'.y.ui?:hin the
Middle A;p Point, is consistent wich thellocallza'd precipitati’on of
Fe sulphide lats iri‘th;l diagenetic saquence, under redu.cing
conditions associated with continued burial. |
The widespread pyriti.zat:im;l ‘of carbonatevlpeb.bles. J
stratigraphically localized' at the base of the Cooks Brook

Formaticn, overlies a roughly 40om 1nterva1 dominated by black shale

(refer to Chapcer 3).. Such an_interval is unique in the




.

It
stratigraphic section here and must have representad an extensive

reservolr of organic carbom to act as a substrate for sulphate

‘reduction. A net increase ih acidity associated with such proncunced

sulphate redugtlolL_LCurtis. 1980) may have resulted in carbonate
dissolution and immediate widespread replacement by Fe sulphidae to

the anomalous degree noted.

6.2.9 Early disgenesis of the Northern Head group: Summary

Aspects (;f the changing geochemlst:'y of shaleg through the
séction, the style and composition of early- precipltated
carbo;'lates, the presence and distribution of harite, and the nature
of pyrice aﬁthige'nésis all suggest tl-mll: .earl)r diagenetic conditions
in the Horth;arn H_ead group changed in concert with changing
depositional conditions.

Two principal modes of early diagenesis are noted. The first 1s
accompanied by the overall abundance of orga:nic carbon,- am; is
characterized by late-stage ferroan enrichment in calcl-l‘:e- and
dolomitce ce?lent with little er no accompsr-lying' Mn-enrichment, 11)
the absence of Mn 1n.sha1e§. 111) t.he absence of barite, and Lv) the

-

preasnce of early-precipitated pyrite, and the -apparent abaence of

.ferric Fe compounds. These characterfatics are consistent with the .

early onsat_-of anoxic diagenetic conditions, at, or very close to
the seaflt:;or. This "Cecks Brook anoxic eariy disgenetic setting”

prevailed from at least the uppermost Irishtown Formatien, through

the Cooks Brook, and app.ears to be transitional through the basal

‘Middle Arm Point Formation into the overlying "Middle Arm Point

suboxic .early diagenetic setting®. This overlying setting 1is

-
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characterized by 1) the widespread occurrence of Mn-carbonates
within a variety of diggenetically-precipitated horlzons in shale-

dominated i{ntervals, {1) tha 1ncorpbration.of Mn in euhedral

overgrowths within sllty dolostone units, which have 1i1) been
precipitated within the stabllity field of hematite, iv) the
presence of authigenic barite and v) an overall late-stage, -

"raplacement” style of pyrite precipitation. These features are

thought to reflect early diagenesls under redox gradlents at shallow

depths in the sediment, which existed as a result of increa.sed

oxygen levels in the depositional envil.;onmem:.
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CHAPTER 7

SHALE GEOCHEMISTRY

7.1 Introduction . . -

Deposiition of the Northern Head glroup spans establishment Jof a
long-1ived shallow-water carbonate platform and its subr;equent
burial. With this history in mind, shale samples were collacted t§
provide possible addition.al evidence of changing- deipositional and
diagenetic condltions or _sour'ce areas,

Geochemjstry of an individual shale is the complex sum of many
factora, which include ‘i) the original mineralogy, reflecting the
composition and we-ath;rli.ngl history of the sour;:e zvea(s), .11) the
effect of depositional conditions, such as hydraullc sorting or
.- sediment oxidation and 111) the dliagenetic histery, For exnmplé, the
distribu;ioh of $102 through shales of the Nort;he;n Head group is
the net result of both the original input of detrital grains of
quartz and silicates such as feldspsr and clay minerals, and
diagenetic processes of silicification discussed in Chapters 4 a;ui

6.

Given these diverse controls on the final composition of a

shale, aspects of shale ggochemistry must be carefully separated,
and selected to address specifie questions of geological s
significance. Aspecta of shale geoghemistry clearly 1nd1car:e changes
in ;’.eposltic;nal and early diagenetlc conditions through the Northern
Head group as discus._sed in Chapters & and 6. The purpose of this

. chapter 1s to address one principal question: is there a change-in

| .
aspects of the major and ‘trace element geochenistry of shales
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through the section, which may'im related to changing provenance

through the deposition of tl:ne Northern Head Group?

7.2 Approach

A total of 96‘:11313 sambles ;uere collected through the Northern
Head group,'and the upderlying Irishtown Formation _and overlying
Eagle Island formation.

) The position of samples withinTindividual sections was noted,
and translated into the overall Istratigraphfc position in a
;:ompoaite section, based upon the correlations presented in C_hapter
3. The greater smi:llng density sppatent through the Middle Arm
Poi:\t and lowermost Eagle Island f;mtions reflects the lithologiu‘::

" variabilicy of sha".es. through this interval. -
| In depositional settings recelving mixed car‘bo‘nat;:/slliciclastlc
1npu";. such as the Northern Head Group, these twa p'ri.nclpal
components have a "dilution effect™, one upon the other, so that ‘the
concentration of elements principally assoclated with _detrital
ailiciclastic input, will be diminished, or diluted, within
carbonats-rich samples. Moreover, the:ain-si;ze_di_stribution of a
glven sample may cgova‘rﬁ the mineralogical composition, and hence
exart a control on the slemental composition. To facilitate

compariscn, glven these effects, a deliberate effort” was made to -

collect representative samples of non-calcareous shales with a modal

grain sire in the clay to fine silt range (based upen fleld

<

examination).

All samples were smalysed for major elements, and the following

4




trace eleneqts: Pb, U, Th, Rb, Sr, Y, Zr, Nb, Ga.- Zn, Cu, N1, Lu,
Ti, Ba, V, Ce land. 'Cr. Determination of cotal organic carbon content '
vas performed on 66 representative samples. Clay mineralogy of the

_ <2 micrometer frat;_tion was deternlned fof_ 8 representativa 30 .-

gamples. All analytical prbcedureir are summarized In Appendix E.

7.3 Major and trace element variecion in the Northern Head group

Three different ‘sultes of elements are sppsrent in the shale
samples studied, and are distingu].s-hable by the internal slmilarity
.of their distribution, governed by different geological factors. The ’
first 1s a group of selected major elements {(and related t_races)
which are assoclated ‘:ri.th the deﬁrital-input of silicate minerals,
particularly cla; minerals, whiech volumetrically dominate. Evidence
of this relationlship with clay mineralogy is discussed in this
gection. Distribution of ;‘:he second sulte of {(trace} e};mar:ts
displays stratigraphically leocalized ano'malous concentrations,

i demonst:_:af.ed through SEH/EDAX examinatlion to Ige associ#ted with the
preserice of detrital heavy mineral ailt grains. The third suite of
elements also displays locallzed anomalous cpncentration;: found,
th‘rough_ SEM/EDAX examination to be governed by the presence of
sulphide minerals. .

The t.‘-‘ist:rit‘)utic‘ml of Mn, Fe, Ba and S5r has already been discussed
in Chapter & and demonstrated'to' be governed by early diagenet-:ic
processes, Concentrations of lJ', Th‘ and Nb \were found teo be

consistently low in the shales examined, and these elements are not

used in the discussion and interpretation presented hers.
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7.4 Elexents associsted with detrital silicate minewals and clay

mineralogy: K, Al, Na, Ti, Bb, Ga, and La

Based upon the sim{larity of thoi.t' stratigraphic distribucion,
and principles outlined in the foreg’oing discussion, several major
elaments are grouped together, "and regarded as reflecting basic
changes in the datritn‘l input of sllicate minerals [pto shales of
ti’le Northern Head Gr;up (fi'g_ 7-1)I. These elements lere potassium,
nlunin;.m, sod{um and tita-nium,- plus the trace elelflents rub_idiu.m,
gallium and laﬁth'a;nm.

7.6:1 Common mineralogical occurrence of these elementsg

The distribution of potsssium is 'principally Ttelated to the
presence of {1lite and K-feldspar. A].u.minu.rln is a ubiquitous
*detrital” element, present in varying proportions within alumipo-
silicates; it is a major componejt of 11'_1‘it¢;. for example (38.5 wt.%
A1203). Titaniur is contained in[a number of common, detrital heavy.

minarals including rutile, _aphen‘r, ilmenice, and anatase, which

appear commonly in multi-cycie clastic sediments. Sodium may
substitute within clay mineral stru.cturé. but is principally
~contributed by the presence of plagloclase. The well-established
substitution of rubidium for potassium and gallium for aluminum
(Krauskopf, 1967; Fairbridge, 19?§) results 1n?ﬁe clear parallelism
in Qistriﬁut‘lon of these respective elements (fig 7-1). Likewise,

the substitution of lanthanum in *detrital® silicates, e.g. monazirte

(Fairbridge, 1972); results in a similar parallelism.
i )

i
|
{
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i
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Figure 7-1 .

Scratigraphlc discribution of representative elements assoclated with
detrithl silicate minerals and clay mineralogy, in shales of the
Northekn Kead group and adjacent units.

Open spuares represent shales of the Irishtown Formation, plus "Group
A" shjles (1.e. black plus black/green) of the Northern Head group and

Eagle (Island formation. .-
+

Filled squares represent "Group B" shales of the Northern Head group

~ and Edgle Island formatlon (i.e. green plus red/green shales, commonly
“.assoclated with detrital dolomite, and displaying evidence of bottom
durre%t activity). )

The ecpntrast in major element compesicion of these twe groups is
summarized in Table 7-1.
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7.4,2 Maturity indices

Additional perspective, Iin examining relative changes in the

concentration of these elements, 1s gained through the use of
.ratios. that {8 "maturity indices®, chosen to reflect mineralogical
changes. The most useful of these afa 1) A1l O +K O/Mg0+la ©
(Bjorlykke, 1974) (referred to herein as ‘Hi'? aﬁd 1) K/ib ("M2"}
(cE. Dypvik, 1977; 1985). M1l ‘s chosen to broadly reflect a general
weathering sequence (cf, Krauskopf, 1967) and may respond
priﬁcipally to changes in clay mineralogy viz f{llice/chlorite ratio,
_-__*‘;I;;_;alative proportions of K-feldspar vs. plagloclase. Mg0 is
included 1h the denominator of fhe-fatio to reflect the presence of
chlorite. Hence "mature”, intensely weathered source terralns may be

expected to yleld high ratios, while relatively "lummature™, or more

mafic-rich source terralns may be expected to yleld lower ratios.

Given the elements used, it 1s clear that thls index may be affected

by the presence of 1) dolomite or 1i) authigenic feldspar within
individual samples. However, the number of samples with appreciable
amounts of delomita, based upon the original sagplimg criterla, are
considered too f;;ﬁE;”;I;;Ificantly alter the distributlon, and the
growth of authigen’c feldspar appears to be confined principally to
carbonate lithologies.

| M2 is choser to reflect the stronger chemical bond of r;bidium
rslative to potassium, in both minerslogical substitution and
adsorption. Hence deeply-leached source terralns comﬁonly suffe;
preferential removal of K, and display low K/Rb ratios (30 to 80)
while more Ilmmaturs terrains display X/Rb ratlios closer to that of

ssawater (240) (Falrbridge, 1972).
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Stratigraphic distribution of these indices is fllustrated in

figure 7-2.

7.4.3 Clay mineralogy

Given the volumetric importance of clay minerals within the
shales examined, the clay mineralogy of 30 representative samples

was determined, using the methods described in Appendix E. These

rs
-

samples span the Summerside and Irishtown Formatlons, Northern Head

—— i Y

group and lowermost Eagle Island formation. Untreated, glycolated
N -

and heated preparations Indicate that the only clay minerals present
are 1llite and ehlorlte. No ‘evidence of mixed-layer ciays nor
kaolinite has been detected.

The relative proportions of llliﬁa and chlorite have been
estimated by comparing the area of the chlorite 7A refleccion {002]
with the 1llite_10A [001] reflection (approximated as peak haight x
width at half height, after Norrish and Taylor (1962), Dypvik (1977)
arid Bjorlykke and Englund (1979). The changing natu;e of the

chlerite/illite ratio through the stratigraphic section 1is

illustrated in figure 7-3,

7.4.4 Scratipraphic variation

-

Based upon.thé stratigraphic variation {n ceoncentrations of the
"detrital” elements (fig 7-1),-maturity indices M1l and M2, and
chlorite/illite ratio (flg 7-2), three groups of shale, with

distinctive signatures are distingulahed. Shales of the Irishtown

Formation represent the first group.

':\l
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Figure 7-2 -

Stratigraphic variatien in the maturity indiceé, *Ml® &nd "M2", for
shales of the lrishtown Formation, Northern Head group and Eagle Island

formacion. The symbols used are che same as In Figure 7-1,
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Figure 7-3

q

Stratigraphice wariation in clay mineralogy within the Irishtown
Formation, Northern Head group and Eagle Island formation (refer ro
text for detalls), Irishtown shales are relatively {llite-rich,
‘displaying high K20 and lew Mg0 values. The relative increase in
chlorite upward Is accompanied by a decrease in K20 and Increase in
Mg0. Group "B" shales (filled sguares) of the Riddle Atm Point and
Eagle Island fermations ate commonly anomalously rich in 1llite (refer
to discussion In test; Table 7-1).







Two groups of shale are discriminated within the Nérthern Head

grc;up. based principally upon the sedimentologic associations
- - - -
delineated In Chaprer 4. These sre:

A) Black and green shales,- commonly assoclated with limestones, '

which occur within sequences interpreted (in Chapter 4) to rép;esent

‘gravity transport deposits (principally turbidites and debris flow

deposits), - : ) ) . <
B) Red and green shales which appear within the Middle Arm Point

LY . .
Formation, and are commonly assoclated with (detrical} dolomlice,

including the gree'n shale Interbeds within the Woman Cove Member.

These shales commonly occur within intervals which display evidence

of 1) elevated levels of dissolved exygen {Chapters &, 5 and 6) and

~

ii) bottom-current depo‘sition of reworking (Chapter 4}.

1

b

7.4.4.1 Irishtown shales

Y

Shales of the Irishtown l-‘ormal:ic;n -aré characterized by -
relatiw‘.r-e_ly high concentrations of detrital elements, high values of
M1 and low vaiues of M2, and relative abundance of illite (figs. 7-
1, 2, 3; Table 7-1). This signature suggests derivation -of'this
" group of shales.from a "mature”, weathered source terrain, likely
continental basement. 'I'his ls consistent with the derivation of
these shales from the same type of mature source arela which ylelded
thE; dominantly quartzitic sandstones of the Irishtown and with the
relative abundance of detrital mica noted in petrographlc

examination (Chapter 4). : *

-
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7.4.4.2 Group A shales of the Northern Head group

The transition from Irishtown upward into the Cooks Brook
Foi’matibn_is accompanied by a sharp, systematic decrease in the

concentrations of the "detrital? element suite, and corresponding

decrease In Ml and increase in M2, and significantly increased
prop;)rtion of chlorfite upward through the remainder of the Northern
Head group (figs. 7-1, 2, 1; Table 7-1).' This is indicative of
markedly reduced input from t;1e mature type of source area which

donlnated shales of the Irishtown. This chang;e appears In concert ’

with, and {s likely directly related to, the. establishment of the .
shallow-water carbonatg platform upslope. In this. sense, the
platform -may have acted as a barrier, diminishing direct continental
input te predomi'nantly eolian- transported materfal, and increasing

the relative importance of marine-transported mud, -

—-

. ]

iy

7.4.4.3 Group B shales of the Northern H.ead group

e

This group of Middle Arm Point shales is geochemically distinct
from group A In i} the elevated concentration of p;)tassimn
commensurate Pil:h ingreased propertions of illite, 11) elevated

values of M1, and iii) lower values_of‘H2 (figs. 7-1, 2, 3; T:able

7-1). The fact that this sédimentolégically distinctive group of

shales also displays a distinctive géachemical signature suggests

P ]

that it denotes input of clay-sized material from a different source

area, beginning at the base of the Middle Arm Point Formation.
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TABLE 7-1:; COMPARISON OF MAJOR ELEMENT COMPOSITION OF GROUP *A” AND
"B* SHALES -OF THE MIDDLE ARM POINT AND EAGLE ISLAND FORMATIONS

-, Group "A" are black plus black and green shales *
.Group "B" are green plus red ahd green shales, commonly assoclated
with detrital dolomite, and displaying evidence of bottom current
activity. Note, in particular, the -elevated K20 content of group
"B", associated with more abundant illite. bt

3

_Group "A" . . " Group "B"
(Average of 25 samples) (Average of 36 samples)

5102 55.08 62.4%5
T102 .35 46
A1203 .21 .53
- HnO .51 42
HgO .50 62
Ca0 ) .99
Na20 .72 .83
K20 .68 .07
P205 .20 .11
LOI .64 .01
FeTot - .18 .25
Corg .16 .06

o

[
(== R
=
-
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M1 . .54 L4l
M2 .53 : .67
Rb .96 11
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The dispersion of elemental concentrations within the Middle Arm

Point };}mation is considered tc he ?he result of two principal
factors. The firslt and most Iimportant is the presence of the two
genet-:_!::]-.'ly’dlfferent groups of sh.;les ocutlined above. The average
chemical composition of these two.groups is compared In table 7-1.
The contrast in these groups is most evident in the elevated
.potassium con;ent of Group B, which 1s‘interpretep to reflect‘the
relative abundance of 1llite (fig 7-3).

This distinction may have been "smeared” somevhat in the
dispersion of elemental: concéntrations during diagenesis.
5ilicification and localized carbonate preciplyation, extant in the
Middle Arm Polnt Formation (Chﬁpters 4, 6), may have*served to
' disperse elemental concentrations, in thé localized partiai

replacement of clay matrix inherent in these diagenetic processes.

Diage_netlc redistribution of ticaniun, a% amofphous oxides, {cf.

Bjorlykke and Englund, 197%; Horad and AlDahan, 1986) may also.have

occurred at this tinme,

7.4.4.4 Plscussion

A similar approach has been employed 1in studlles of Lower
Paleozolc sequences in the Scand{navian Caledon{des (Bjorlykke,
.1974; Dypvik, 1977, Bjorlykke and Englund,1979). Here Cambrish and
Lower Ordovician shaimﬁ;fnff'a-dbminat‘ed and regarded as derived

from a deeply-weathered continental source area. A marked change to

chlorite-dominated shale in the Middle Ordovician has been ascribed

-

by these authors to derivation from oceanic vol{z&'n/ics to the westc

during Taconlc orogemesis. This 15 accompanied by increased Ni and
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Cr'concehtrat;oﬁs suggestive of an ultrabasic thpuc. - . ,8

iy

The maturity-index {(=M1) of Bjerlykke (1974) is broadly similar
to that derlved in this study for Irishtown plus "Group A" shales
(fig 7-4). The presence of *Group B" shales is an additional factor

f ’ u not encountered in the Scandinavian studies, fundamentally related
3

to the difference in depositional setting of the two areas

— {epicontinental vs. deep marine). The temporal and geographic

-

relationship of this clay mineralogic change with the arcrival of a

volcanic soutce has been convinéingly demonstrated in the Lower c
Paleozoic of Scandinavia. (ibid.)}. Hovever there is no compelling
‘ " evidence in the regional geologj of western Newfoundland to supnest

the direct imput of volcanic-dominated source terrains to account

for this progfesslvé change in Ml (and associﬁted'factors}, which . -

begins at the end of the Middle Cambrian. Rather, ‘this change

" appears to be assoclated with the.evolution oEere margin upslope

_____ ... ._and represents the marked reduction of an illite-dominated mud

~component, which is p}ohably contlnent-derived and the commensurate
{ - -

. increase in a chlorite-dominated component. This might have been

accomodated, for example, by the “shut-off" of direct fluvial input

of mud Inte the marine system due to the establiashment of the

shallow-vater carbonate platfo}m, and relative increase in delivery
of mud to the depositional site by a possible combination of eollan

. transport cr geostrophic marine currentcs,.

Stratigraphically distinct clay mineral suites have been
idéntified in the Cow Head Group, and this change in clay mineralogy

has been ascribed to the influx of volcanogenic material in the late
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Figure 7-4

.

Comparison of stratigraphic variation in "maturlty index” (Ml:
41201+K20/Mg0+Na20) for 1) shales of the Northern Head group and
adjacent units and 2) the Lower Paleozoic epicontinental sequence of
thé Oslo region (Bjerlykke, 1974). A pronounced reduction occurs

through the uppsr Hiddle Cambrlan to Lower Ordoviclan interval im both
cases, This is thought, in this study, to reflect the onset of :
platformal carbonate sedimentation, while in the Scandinavian study is
interpreted ko reflect mud Iinput from a velcanic-doninated, "immature”
source area during Taconic orogenesis. '







Early and Middle Ordovician (Suchecki et al., 1977) ." These
'assémblages are: 1) an dbpér Middle Cambrian to lower Lower
Ordoéician 1111te-chlorite suite, 1) a Lower Ordovician {llite.
expandable chlorite suite and 1115 an upper Lower to Hiddle
'0rﬁo§lc1an corrensite-illile-smeCtite suite, Corrensite {s regarded
by these authors as the diagenetic product of Mg-rich volcgg;genlc

detritus. The presence of corrensite in Lower Ordovician Cow‘Head_

shales was confirmed by Conigllo (1985), however no smectite nor

expandable chlorite were identified by Coniglio,

Based upon the examination of 30 representative samples, the
clay mineralogy of the Horcthern Head group contrasts uith_that
reported from the Cow Head Group, in the absence of miigd-layer
clays, Including corrensite end eipandable chlﬁrite. This may be due
to 1) the &eep diagenétic transfbrmatlon of mixed-layer clays Eo
111ite or chlorite in the Northern Head greup or 1i) contrasting
local source area influence In the Ordoviclan. Systematie
investigation of this problem is considered beyond the scope of this
study. However a comparable deep diagenetic hi®tory for the tvo
groups 1is su;geste&lby i) comparably low conodont C.A.I.
(approximately 1.5 for Hiddle Arm Poinf speclmens; C.R. Barnes,
pers. comm., 1985) and {1} roughly equivalent illite crystallinity,
based upon a brief survey of Cow Head Group shales. Hence a factor
of contrasting source area contribution is considered more likely

“responsible for this apparencldiffe¥ence io clay mineralogy in the

Ordovician,
[
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7.5 Trace elements-assoclated with detr{tal heavy minerals: Cr, Zr,

Y, V, and P 2 - ' -

Other selected elements display a différent style of

distributlon through.the secttoﬁ. Thq concentrations of chromium,
zifconium: yttrium,-vanadium and phospho;us are reiatively
consistent théough the section, up to a point 1mmed1atef} Helou the
base of the Eagle Island.formation, where a few anomhlously_higﬁ
values occur (fig 7-5).

of paréicular interest at the outget of this study were chromlum
and nickel,. since these elements are commonly enriched in ulcrabasic
rocks and their enrichment in shales has been used.in similar
studies to infer the contribution of aniophiolitic source terrain
(Bjorlykke, 1974; Bjorlykke and Englund, 1979). Within such a ~
setting, chremium octurs principally within chromice, a commoé
"detrital heavy ﬁineral", buthmay substitute to a minor degree .
within mafic minerals or chlorite. Nickel may occur within Sqlphido
minerals, and commonly substitutes within olivine ang pyroxenc. Both
elements may also conceivably be transported through adsorptfon o1
clay mineral surfaces, or through association with organic material.

At the base of the section, the upward fransition from IrlsHCOHn
into Cooks Brook Formation is accompanled by a reduction in -chromium
ghd‘nickel values consistent with ghangé from terriginous clastic to
carbonate-dominated source area and depositional setting. Anomalogs
nickel coﬁéentrations at the_t;p of the section are controlled by

sulphide eoccurrences which will be discussed, in the next section.

The anomalous concentrations of chromium, zirconlum, ytgrium,




Figure 7-5

Strat{graphic varfation in trace ‘elements controlled by the localized
prescnce of detrital heavy mineral silt grains (note anomalous values
at the base.of the Cagle Isl._and formation).







vanadium and pheospherus at the base of the Eagle Island formation
are all controlled by the presence of subrounded detrital "he"av§
mineral® silt grains. Detrital chromite, z].r(:-on, xenotime, Y-bearing
monazite, and vanadium-bearing ilmenite grains have all been
identified wichin these shales using the SEM/EDAX, Particularly
anomalous values (fig 7-3) are assoclated with six individual
sample§ which appear to contain particullarly abundant concentrations

of detrital heavy mineral siit grains. A SEM/EDAX survey of shales

e — .

at this general strat'igraphlc interval reveals the presence of

similar detrital gra1n§ in other samples, but apparently not in
concentrations sufficient to result in pronounced geochemical

»
anomalies. The most abundant of these are monazite ({Ce,La,Y,Th)PO )}

&
and xenotime (YPO ) which probably account for the subtle increase

in yetrium concentration in many samples at this stratigraphic
level. Only uniform, background levels of Ce and La have heen noted
here, suggesting that these detrital phosphates are Y-rich.

Apart from lts'anoma]nus enrichment at this stratigraphic
horizon, the concentration of vanadiuwum {s uni formly low throuphout
the Northern Head group, It displays no correlatlion with organic
carbon, but 1s strictly controlled by the occurrence wlt'hln these
détrltal grains. Similarly, this is the only enrichment of
phosphorus within Northern Head group shales.

° »
7.5.1 Discussion
.Hicronnnlysln of many clay mineral grains and the common

intersticial ailica (refer to Chapters 4, 6) was conducted in the

SEM/EDAX survey of thece shales and the above-discusted elements
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vere found to be conflned only to detrital grains. No evidence of
substitution wlithin clays, nor diagenetic preci;;itation or
redisctribution involving these elemer’nts was detected. Thus it
.appears that the principal control on the ¢oncentatlion of these
element‘s was. the input of dectrital silc grains, and their localiced
concentration dur.i.ng deposition.

Elevated concentratiens of Cr occur in theé uppermost Irishtown
and lowermost Cooks Brook Formatlons (fig 7-5). This s—t—a;gests the
contribution of ultrabasiec source terrain{s) In the Hiddle Cambrian.
One such source may have been ultrabaslc intrusives within the
crystalline basement. Determination of source terrains of the
Irishtown Forma.tlon would require a detailed petrographic
examination, beyond the scope of this project; this problem mmi.ts
further study.

The localized prpsenc.e of detrital chromite gralns {s supgestive
of some Input from an ultrabasic source, beginning at the hase ‘of
the Eagle Island formation. Elevated concentrations of chrom{um,
consistent with contribution from an ophiolitic source terrain, have
be.-en reported from sandstone samples of éhis unit. (xeferred to as
Blow Me Down Brook Formation) and presumed equivalents {n western
Newfoundland {including the autochthonous Mainland S5andatone) and
Quebec {Tourelle Formation) by Hiscott (1984},

Monazite, xenotlime and zi:rcon, on the ot.her other hand, are
common accessory minerals In granite, syenite and gnelssic rocks,
and are commonly concentrated in dPtrltr;l sediments derived from
these (Berry and Mason, 1959).

.
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7.5.2 Summary

The stratigraphic distribution of chromium, yttrium and
zircon{um indicates a scattered change in shale geochemistry at the
base of the Eagle Igland formation associated with the localized
concentration of detrital heavy mineral silt grains derived from a

mixed source area, Including an original aciﬂic ignecus component

(or sedimentary rocks derived from such a lithology) plus ophiolitic

" input,

7.6 Elements controlled by sulphide occurrence; Zn, Pb, Cu and Ni
The atratigraphic distribution of zinc, lead, copper and nickel
indicates anomalously elevared concentrations of these metals in
shales at .the base of, and within, the Eaglei Island formation (fip
7-6). Detalled SEM/EDAX examlnatlon of individcal shale samples
hezl:e_.w indicates the presence clwt' finely disseminated blebs of galena
and sphalerite {commonly intergrown) and lecally chalcopyrite and
pentlandite. These are roughly 10 micrometers in size, and commanly
demonstrate irregular, Intergrown and loca‘.lly replacive boundaries
with the surrounding clay matrix.
Dlscu‘;isloﬁ -
The mohility of transition metals such as copper, lead and zinc
gena{'ally increases under oxldizing conditions, while reducing
conditions generally result in preclpitatlonlas sulphides in the
presence of reduced sulphur (Jacobs and Emerscon, 1982; Maynard,

1983}, Transport mechanisms may Iinclude the formation of complexes

involving ehloride or organic matter. Concentration of metals In
e - Fi -
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"Figure 7-6

Stratigraphic distribution of Zn, Pb, Cu,

and Zn within shales of the
Northern Head group and adjacent units,

This displays the anomalous

concentration of these t'lemcnts in aulphides locallzed dL the base of
the Eagle Island formation.







"organic material may commence &uring the life-cycle of organisms,
and'combined with t?e behaviour of these metals outlined above, is
thought to account for the common association of sulphide
mineralization with {(organle-rich) black shale (Vine and Tourtelot,
1970; Calvert and Price, 1970: Maynard. 1983). |

These processes of metal-enrichment in black shales do not,’
howevex, appear to be the principal factors controlling the
anomalous occurrence of Fb, Zn, Cu and Ni in the Northern Head
group, since this enrichment appears In an Incerval which has
undergoné the relatively most oxldizing depositional and early
diagenetic conditions (refer te Chapters 4, 5 and 6).

Thus it Is considered likely that the pronounced enrichmen; of
these metals {s assoclated with the arrival of the Eagle Island
formation. Clear candidates for the source of these metals are the
numerous sulphlde occurrences within the basic vol:éniés of the
North Arm and Blow-Me-Down ophlolitie mgssifs {e.g York Harbour,
Gregory River deposits). The irregular and intergrown morphology of

tndividual gralns, however, s more suggestive of post-depositional

precipitﬁtion as opposed to simple detrital transport and

depogition. This suggests the possibility that these metals sufferéd

" solution undar oxidizing conditions of transport and deposition (cf.

Klinkhemmer et al., 1982) to be later reprecipitated as sulphides

during burial diagenesis, ' \




7.7 Overall summary and interpretation

Groups of shale with different geochemical signatures indicate
" changing source area fnput during tha'dﬂposition of the Northern
"Head group {(and related u;its). Based uhon signaturgs defined by a
sulte of elements (and‘der{ved indices} thought to be controllied hy
degrital 1nput.of silicate minerals (principally clay minerals),
three fundamental groups of shale are discriminated. Superimposed
. upon the distributlon of these groups, sultes of elements controlled
by the presence of 1) detrital heavy mineral silt grains, and i1}
sulphides, display anomalou; concentrations which are :
stratigraphically related to the arrival of the Eagle Island
formation, and are {nterpreted as the first evidence of input from
an allochthonous source terrain (fig 7-7). .
Shales of the Irlshtown aud lowermosl Cuoks Brook constlitucte che
firse group.JTheso contaln abundant illite {plus Ti02) and are
interpreted to have been directly derived from a deeply-weathered
(K/hb ratio)} continentsl source area. Based upon sedimenrologic
assoclations, shales of the Northern Head group are distingufshed as
1) blgck and green shales, commonly associated wi&h limestones which
appea; within intervals interpreted as gravity transported plus
hemipelaglc deposits, and ii) red and green shales, copmonly with
associated siliciclastic grains and detrital dolomite, which
commonly display evidence of bﬁttom current deposition or reworking.
The first of these groups displays elevated proportlJns of chlerite,

and commensurata decrease In L{l1lite {plus associated ailicate-

.related elements) suggestive of derivation from a different source




Figure 7-7

Schematic diagram summarizing the provenance of distinccrive shale
proups during deposition of the Northern Head group and adjacent units.
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area than shales of the Irishtown. This c;ntrast appears at the

Irishtown/Cooks Breok boundary, is progressive through the Nortﬁern
Head group, and is interpreted as a change in the input of the mud
component which resulted from the development of the shallow-water

carhonape platform upslope.

The second group of shales appears at the base of the Middle Arm

Point Formation, and 1s geochemically characterized by elevated
proportionsg pf 1llice (ciay mineralogy and M1) and diminished K/Rhb
ratio. This suggests that the bottom currents which were postulated
in Chapter 4 to have been perlodically operative during the
depositiqn of the Middle Arm Point Formation were delivering a
discidctive mud component to the depositional site. Tt is |
Interesting to note that this group of shales displays a geocherical
affinity with those of the Irishtown Forma;ion, in terms of the
first suite of .elements (and derfved indices). Possiﬁly somevwherec
along the continental margin, mud was Being supplied {and laterally
transpog}od) from a source which was either 1) similar co that which
ylelded Irishtown shaio {L.c. probably weathered continental
basement) or ii) exposed and eroded Irishtown lithologies themselves
(or lateral equivalents).

Superimposed on these trends are coincfdent Cr, 2;, Y, V anJ:P
anomalies traced to concentrations of detrital heavy mineral grains
and clearly directly relaéed to the arrival of thé Eagle Island
formation. The heavy minerals detected, chromite plus monazite,
xenotime, zircon and {lmenite suggest a geolopglcally diverse source
area, consistent with StcVens; (1970) suggestion of derivation oé

the "transgressiva flysch™ from a mixed source of silicic
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Intrusives, parts of an ophiolite suite; plus sedimentary

litholegies.

The appearance of Pb, Zn, Cu and N{ sﬁ1phidps wt cssenrlally the

same stratigraphic level s interpreted to refléct a mochanism

involving derivation of existing sulphides from basic volcanics of

the ophiclite suite,-and possible ‘remobilisation of these metals

during early diagenesi{s and subsequent reprecipitation.
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CHAPTER §

SUMMARY AND DISCUSSION

intreduction .
This chapter begins with a8 synthesis of stratigraphic,
sedimentologlc, diagenetic and geochemical observations and
!nterprsca'tlons, imdicative of the changing depositional “setting of
the Horthern Head group. The depositional history of {) the Cow Head .
Group and 11) the coeval c;rbonate platform is briefly summarized- to
facilitate a compariscn with the Northern Heéd group. This
comparison is pres‘ent(;.d to evaluate two working hypotheses: that the
Ndrthern Head group was delposlted as 1) a basinward, d"istal
equ!.\valent of the Cow Head Gfoup, or 11} as a(late.ral equivalentc
along an irregular continental margin. Tectonic and
paleoc-:eanographic 1mplications of the depositional model are

discussed 1in a f-inal section.

8.1 Deposit{onal history of the Northern Head group
F

‘The Northern Head group ls a base of slope sedimant apron
deposit which ranges in age from late Middle Cambrlap to Early
Ordovician. Systematic changes appear through the deposition of the
Northern IHead group. Changes in as;.;aects of sedimentology, ichnology,
dizgenesis and shale geochemistry appear in concert and are
suggestive of evolutionary changes in the margin, which may have
been driven by a combination of globlal {eustatic) or localized

(tectonic) mechanisms.’ N
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B.1.1 Cooks Brook Formation (late Middle Cambrian to late

Tremadoc)

Deposition of the Northern Head group began upon 8 substrute of
the siliciclastic Irishtown Formation, which was volumetrically
dominated by quartzitic sandstone and regarded as most !ikely
deposited in a deep-water submarine fan setting. Onset of ecarbomate
debris flow depositioen at the base of the Northern Hesd group s
characterised by lateral variations in timing‘and style. The
conglomeratic Halfway Point member 1n9orporutes late Middle Cambnian

(Bathyuriscus-Elrathina and Bolaspidella Zone) fossiis and {s

interpreted as a submgrine canyon deposlit, which may have heen-
locallzed by {nherited submarine topography. Shale-deminated
sedimentation occurred elsewMere until deposition of the‘laternlly
extensive debris f;ow lobes of the Brakes Cove mé;nber In the Late
Cambrian (Dresbachian)-: Turl;ldlte deposition of (quartzose) shallow.
water-derived calcatenlite was extensive through the remainder of the
Canbrian, with a shale-domi{l_aced sedi‘rne.-ntatlon, punctuated by a
(Franconian} Iinterval of debris flow vposition occurring in more
distal sections, Depositi;:m of an interval of lime mudstone
rhythmites occurred ac the end of the Cambrian in mure distal
(easterly) sections.

The nature of shales changed with the onset of carbonate
sedlimentatfon. Illite-dominated, fhence K-rich) shale occurs In the
Irishtown and {s consistent with derivatlon of this mud directly
from a weathered continental source. The change to a more chlorite-

rich shaje commences at the formation boundary and s progressive

upward through the remainder of the Northern Head Group,

D
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notwithstanding the introduction of a different suilte of shales
discussed below. Interbedded black and green shale (plus thin-bedded
carbonate) are interpreted to reflect the turbiditic in\put of
organic carbon-rich (black) mud from upslope, alternating with
{green} hemipelagic Intervals. Organic carbon 1s relatlvely abundant
fn the shales of the Cooks Brook Furmation, whlch are very sparsely
bioturbated, suggestive of low levels of dissolved oxygen 1in the
depositional environment. This 1s consistent with an "anoxle" early
diagenecic setting, characterised by {) the early and extensive
precipitation of Fe-sulphldes, 11) ferroan enrichment of early-
precipltated carbenate cements and overgrowths, with 1i1) no
associated Mn-carbonate nor barite authfgenlc phases.

A thick bouldﬁr conglomerate containing ;:rilo‘bite and brachioped

fauna characteriscic of the Mississquola and Symphisurina Zones /)

occurs in the proximal (westerly) exposure in the Pay of Islands,
overlying coarse, quartzose calcarenites of the uppermost Calﬁbrlan,
This .ap'pears to represent the l_f”_'rt_ s’ignificant progradétion- of the
margin upslope, and the last major debris flow deposition dominated
by shelf-derived components.

Depogition in the lower part of rhe Tremadoe (Lal to La2) is
represented by a distinctive interval of black, organic carbon-rich
shale and thin-bedded lime mudstone, which is regarded as an eplsode
of predominantly hem_ipalaglc sedimentation virtually cut off from
m88S Lransport inpul-: from the shelf, and deposited under anoxic

N

conditions. This event signals a change in the proportion of shelf-

derived sedimentary components, und is followed by wholesale changes
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In the depositional setting at the base of the averlying Middle Arm

Polnt Formatiomn.

8.1.2 Middle Arm Point Formation (late Tremadoc to Arenig}

~ Several lines of evidence {ndicate the contrasting nature of the
Middle Arm Point deposicional secting: T
1) A marked overall incresse in tha-level of bioturhation {(Chapter
5) and & commensurate decrease i{n organic carbon content in shales
(Chapters 4, 6) are indicative of increased levels of dissolved
oxygen in the depositional environment.

-

2) A new early diagenetic settiné appears commensurate with this

environmental change (Chapter 6} and is characterized by i) the

precipita!.tion of authigenic Mn-carbonate, as overgrowths on detr{tal
dolomite grains, and as diagenetic horlzens precipitated along
"redox fronts"™ in shale, i{i) precipitation bf authigenic barite {(and
loeally celestite) and 111) a change in Fe—sulphidle precipitption to
a late "replaclve” style. This disgenetic character is most
pronounced {n the uppermost Middle Arm Point, end is transitional
with the underlying "Cooks Rrock anoxic setting" through the base ot
the Middle Arm Folnt.
3) This ;:hange In marine conditions is synchronous with a change in
dominant lithologies and sedimentologic style. S-helf-derlved,
gravity-transporte‘d carbonates ara markédly diminished In the Middle
: ’
Arm Point, where shsle 15 much more abundant than balow.
Conglomeratic debris flows are more localized in nature and contaln
a higher proportion of locally-derived components (Chapter 4}, In

the absence of other input from upslope, detrital dolomite appears




as a conapicuous lithblogic component throughout the Middle Arm
Point, particularly prominen.t at the base, in the (uppem Tremadoc)
Woran Cove member (Chapters 3, 4).

4) Evidence of bottom current deposition or reworking Is common
Hlthifn the Middle Arw Point. This f{s well-developed, for exampl.e, in

tha basal Woman Cova mepber, and in cross-laminated silty dolostones

higher in tha sectlon, This Is true of the North Arm Poinc member, a
broadly- correlatable interval of silicified green shale and silty
dolostone which spans the Tremadoc/Arenig boundary. Strongly
condensed lower Arenig sedimentation through this interval {s
implied by the apparent absence of three graptolite zones-(cf.
Williams and Stevens, In press), and may be related to a regime of
intense bottom current activicy. ®

5) The suite of predominantly red and green Middle Arm Point shales
which occur above the North Arm Point member were deposited in the

middle Arenig (I.v. lunatus and [.v. victoriae Zones; cf. Williams

and Stevens, in press). These are commonly extensively bloturbated
and locally display evidence of bottom current activity. These

shales are compositionally and geochemically distinctive in their
abundance of fllite, rela_tive to green and blackﬂl-.shale; through the
same interval, This suggests that a further aspect of bottom current
activity was the lateral transport and introducticn of a new mud
cooponent into the ﬁeposltional system. ’

6) Shale deposicion fn this uppermost Middle Arm Point interval
slternated betweer two principal medes: 1) turbiditic input of

o:jgnnl.c carben-rich mud, and accompanying hemipelagic sedimentation,
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with assoclated relatively low Eh condicions E]n the depositional

environment, and 11) deposition of red/grgen mud with relatively

elevated Eh conditions. The cc_:nt-rasting geochemlical signature and

" depositional style of these two sultes of shale suggests that the
uppermost Middle Arm Polnt records the Interplay of two
fundamentally different depositional processes, uhich--, in turn,
controlled marine conditions in the depositional environment.

7)- Chert is also a conspicuous component of the uppermost Middle Arm
Point Formation, where it appears principally as gilicified shale
and dolostone. The original source‘ of this dlageneticnlly
redistributed silir::a-is Interpreted to be siliceous biogenic debris,
principally radiolaria. | .

8) In the context‘ of diminished shelf-derived Input in the Middle
.Arm Point Formation, two units are anomalous, The firsb-is an
interval of parted lime gralnstone, comprising abundant algal grains
and accessory phosphatized limestone, with interbeds of organic
carbon-rich shale._ This occurs sbove the Woman Cove membgr (Chapters
3, 4) and is regarded as late Tremadoc, Isoleted thin bedslof

granule conglomerate have been described from the uppermost Middle -

Arm Polnt and lovermost Eagle Island formations (I.v. victoriae

Zone), and are of similar composition, Both of these lithologles arc
regarded as platform-derived gravity_-transport deposics, and appear
to record anomalous events upslope, {n the context of the "starved"
style of sedimentation which characterizes thils stractigraphiec
lnterval.

9) Deposition of the overlying Esgle Islfnd formation began in the

middle Arenig (I.v. victorlae Zone) in a regime of tectonic
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Instabllity which is characterized hﬁ slumping and assoclated
claatic Injecclon. The flirst geochemical evidence of sediment input
from a new source terrain appears in sl';ales immediately below the
formatlon boundary, in the form of anomalous concentrations of .. -

detrital heavy pineral silc glralns and dissemlnated sulphide

* mlneralizatfon (Chapter 7). The sandstone appears to have been

dertved from a mixed source terraln which Included silicle
intrusives, portions of an ophioclite suite and sedimentary.
lithologies, and was transported in a southwesterly direction

{Chapter 4). '

8.2 Comparison with the Cow Head Group

As outlined in the introduction, the Cooks Brook and Middle Arm
Point Formatlens have previcusly b-een regarded as the "discal .
equivalent” of the Cow Head Group. Evidence presente'd in this study
suggests &n alternative model, basec;l upon some similarities and
lmportant differences in depc;sitlonal style, and résponse to events
recorded on the platform. In the model presented here, the Northern

Head 13 regarded’'as a lateral equivalent of the Cow Head Group which

recorded contrasting margin and slope morphology in the Ordovieian.

This will be discussed following & brief summary of pertinent

aspects of the Cow Head Group, and the relat!.onship to events

recorded In the depositional history of the platform.

+
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B.2.1 Summary of the Cow Head Group

The Cow Head Group is interpreted as a toe-of-slope deposit
(James and Stevens, 1986) and comprises extensive sediment gravity
flows, including numerous coarse carbonate conglomerates of debris
flow origin, and hemipelagites, principally shales, s{ltstones and
limestone rhythmites. The strata are disposed In a series of stacked
thrust sheets, and retain a distinct NW-proximal, SE-distal
polarify. Proximal sections (Shallow Bay Formation) are dominated hy
conglomeratic intervals, many :;tremely coarse. The relative o
proportion of shale increases ﬁ;rkedly into distal sections (Green
Point Formation). Nevertheless, Individual megaconglomerate beds
have béen demonstrated to be essentially isochronous, and so
1a§?rally extensive as to be traceable from proximal to distal

L)

sectilons.
N
This 1s possible because the Cow Head Group is richly
fossiliferous, in graptelites, shelly fossils and conodonts, and

this has facilitated detalled internal correlatfon.

The depositional history of the Cow Head Group has been

summarized as follogsh$Jame§ and Stevens; 1986):

1) During the late MiJdle Cambrian to early Eate Cambrian "basal
debris sheets" coﬁprls[ng extensive conglomerates were deposited on
4 wide, deep-water sediment aﬂron, under generally ancoxic
Icondltions.

2) During th; Late Cambriard a thick Interval comprlsing.équartzosc)
célcérenlte graln flows and turbidites was deposited.in,a
“calcarenite sedlment apron® durlng overall margin pro&radation.

Narrowing of the apron, beginning in the Trempéaleauan, 1s Indicated
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by the upwerd increase in fine-greined carbonate hemipelagltes,land
the westward upslope onlap of‘dis;al shales and siltstones, Massive,
welded congiomerates appear in proximal facles at the Cambro-

Ordovician boundary, and suggest a short period of oversteepening

and erosion. : .

3} The lower Tremadoc represents deposition of a "wide muddy
\
carbonaty apron”, represented by massive, welded conglomerates and

calcarenites i{n proximal facles and parted lime mudstone in distal .,
facles, Synsedimenta;y deformarion and intraformational truncation
- - surfaces (within lim; mudstone intervals) siggest continued
deposition on an unstable glope, during a prolonged pe;iod of
accretion and basinward progradation of the margin.
* ., 4) Deposition during the lare Tremadoc and Arenig vas complex and

represents a narrowing and westward shifc of che\proximal
conglomeratic facles, and upslope onlap of distal shale facies. It
18 impertant to note that extensive red shale deposition commenced
here, in the upper half of the Tremadoc (upper half of Zone La2) in
distal sectiqns, and advanced to its farthest westward encroachment, &
lmmedistely east of Coy Head proper, by the Tremadoc/Arenig
boundary. Condensed sedimentation in the Arenig, through the
Australlan graptolite Zones Be2, Bel and Be4 (1.e. most of the T.
akzarenzig and P. f;uticosus Zones of Williams and Stevens, In
prass)uis;fsprosented by a thin sequence containing sparse

d carbonate, abundant phosphate clasts and abundant chert, and brief

cessation of conglomerate deposition in the most proximal sections: .

Following this episcde (which is correlated with a major

i
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transgression and temp;rary plgtforn drowning) sedimentation of
cPrbonata conglomerates and gralnstone resused in proxlmal sections,
suggesting renewed accretion of the platform through the Australian
Chewconlan, Castlemainian and Yapeen graptolite zones (i.e. the b.

bifidus, Y.v, lunatus, I.v. victoriaa, and I.v. maximus Zones of

Williams and Steven;). This 1is accompanled by the resumed deposltlon

of black and green shales, which extended basinward, so that only

the most distal sections witnesaed the continued red shale

-
L]

sedimentation.

Sedimentation in this upﬁer portion of the Cow Head is .
punctuated by the deposicion of three laterally extensive debris
sheets (Beds 10, 12 and 142. These are very coarse In proximal
settings, can beltraced into distal-most sections, and are
interpreted to represent eplsodes of margin collapse.

5) The Cow Head Group 1s overlain by sandstones of the Lower llead
Formation, and deposirion of this sandstone is lmmediately preceded
by reneved westward onlap of the red shale facies, in all areas

-

except the most proximal, and en overall reduction in carbonate
L)

delivery from the platform, notwithstanding debris sheet depositioﬂ

{(Bed 14) mentloned above. In proximal ana distal secriong, sands tone
deposition occurred in the Australian Dal or Da2 Zones {u. -

austrodentatus Zone of Willlams and Stevens) close to the

Arenig/Llanvirn boundary. In intermediate sections, however,
)! -

sandstone Immediately overlles Australian Zone Ca2 "(l.v. victoriae

Zone of Williams and Stevens), implying early deposition of the
Lower Head Formation (and possible associated basal erosion) along a

NE-S5W trough Cransecting the Cow Head sediment aprou. .

K
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8.2.2 Depositional history of the platfarm and eustatic events

The nature of‘che west Newfoundland carbonate platform has been
sumpsrized by James and Stevens (1982, 1986), and James et al. (in
press)., and a generalized account, summarizing events postulated to
have affected deep-vater sedimentatlion, 1z preseated here,

Prior to the establisment of an active carbonate platform a
siliciclastic-dominated offlap sequence was deposited on the shelf
and overlies rifted crystalline basement. This culminated in

~depogltion of the Hawke Bay Sandstone, s thick sequence of shallow-
water quartz srenlites spanning the Ear}y Cambrian to the early
MHiddle Cambrian. The Irishtown Forﬁation is r;garded as a deep-water
equivalent of this sequence,

Depositien of the carbonate platform sequeéce compenced in the

late Middle Cambrian (Bathyurlscus-Elracthina Zene), and eonstitutes

interbedaed limestones, dolostones, siltstones and shales of the
Port au Port Group (Kﬁight;and James, in pressj. Three maior
shoaling-upward grand éycles are recognized through this upper
Middle to Upper Cambrian interval (Chow and James, 1984; in press;
James and Stevens, 1986). The lower two are represented as
‘conglomerate-dominated sedimentaéion In the deep-water debris apron
and are representative of cont{nuous margin progradation. The final,
Upper Cambrian grand cycle is interpreted to represent vertical
rathar than lateral margin accretioﬁ and is represented by the
interval of carbonate sand tu;bidites. with Inferred bypsss

deposition of quartz sand, in the deep-water sediment apron {James

and Stevens, 1986; James ét al., in press).

!
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A change in the style of placform sedimentation is roughly
colncidenc with the Cambro-Ordovician boundary and is represented by
deposition of the Ordovician St. George Groupl This represents a
transition to widespread muddy carbonate deposition, with the
development of calcified algal buildups at cthe platforwm margin, and
records an episode of extensive eustatic 1nundation of the craton. .

Two major unconformity-bounded megacycles are present within the
St. George Group. The lower megacycle corresponds to roughly the
Tremadoc (loéer Canadian scage) and comprises subtidal carbongtps ]
the Watts Bight Formation and peritidal, shallowing-upward sequences
of the Boat Rarbour F;rmacion, aqg_ffcords cyrbonate production on
the platform keeping pace with relative sea level rise (James et
al., in press; cf. Barnes, 1984; Fortey, 1984; Vall et al., 19//)..
An eroslonal unconformity, Indicactive of subaerial exposure occurs

near the top of the Boat Harbour Formation, coincldent with debris

flow depositiaon localized in proximal sections\i:\the Cow Head

Group.

The upper megacycle spans the Arenig (upper Canadian and lower
Whiterock stages) and comprises subtidal limestones of the Catoche
Formation overlain by(peritidal carbonates of the Aguathuna
Formation. The lower part of this megacycle corresponds to the
highest stand of sea level Ln the Early Paleozolc (igié.) and Is
accompanied by arrested deep water sedimentation assoclated with
"backstepping” of the margin,

Th; peritidal sediments of the Aguathuna Formation are dominated
by buff doloston;s and contain abundant h;rizons of silicified

»

evaporites. This fnterval reflects the slowing of sea level rise and

-
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the onset of Taconic orogenesis. Local thickness variations and

intraformational brecclas within the Aguathuna are indicative\of the
faulcing, u}lif: and erosion which occurred on the platform at this ,
time (T. Lane, pers. ;omm., 1986;rKnlght and James, 1987). This
regime of extensioﬁal tectonics is postulated to reflect the
presenca of a peripheral bulge, in advance of the westward-
travelling ‘allochthon (James et al., in press). Cow Head Group
conglomerates felated te margin collapse through this episode {Beds
12, 14} have sampled Upper Gambrian lithologies, suggestive of
considerable fault-related relief on the platform.

Delostones of the St. George Group are overlain by the
(Whiterocklan) Tablae ﬁead Group, which appears as grey subridal
limestones at the base (Table Poi&t Formation), and is transictional
through parted and yibbon limestones of the Table Cove Formation
into laminated black shales of the Black Cove Formation {(Klappa ct
al., 1980). variabilicy ln the thickness and deposifional style
through the Table Head Group indicates the foundering of the
platforﬁ as separate blocks prior to the final cut-off of carbonatc

sedimentation and burial by flysch sedimentation of the Mainland -

Sandstone (Stenzel and James, 1987).

1 ) ~

w

8.3 Contrast between the Northern Head and Cow Head Croups

Comparison of the Northern Yead and Cow Head groups indicate
some fundamental similaricties in depositional style, s=ud response to
platform events outlined above. Distinct differences are apparent in

the Ordovician, suggestive of iéregularity in the platform margin
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upslope from the two areas. .
1) The depositiqnal history of the Northern Head group and Cow Hénd
Group is very simflar through the Cambrian and earilest Ordovician.
Deposition of shelf-derived gravity deposits (debris flows and
turbidites) Jas common in both areas, and these were emplaced {uto
an predominantly anoxic depositional environment. The Halfway Point
and Brakes Cove members appear within the episode of "basal dugris
sheet" deposition at Cow Head, and the style of sedimentatfon in the
Northern Head group may be indicative of a mere localized onset of
shallow-water carbonate sedimentation upslope. Clast size in the
Halfday Point member 1s comparable to that in the conglomerates of
the proximal Shallow Bay Formation. Conglomerates higher in thol
Cooks Brook, however, are generally finer than thelr Cow Head X
.counterparts.' |
2) Deposition of the "quartzose calcarenite sedimenﬁ)apro;" during
margin progradacionlln the Late Cambrlan is common to both groups.
Oolds are a‘prominent component of these palcarenites in the Cow
Head Croup, sufgestive of stacked ooi& sand shoals on the margin
upslope, while Co;ks Brook calcarenites are dominated by peloidal
algal gralns and ooids are sparse.

The appearance, In the Cooks Brock, of tﬂe lime mud
interval at the top of this seguence parallels th;t descr . d from
the Cow Head Group and 1nte;preted to represent a narrewing of-éhe
apron. ! |

3} The Cooks Brook lowermost Ordovician conglomerate contains a

mixed triloblte and brachlopod fauna representatlve of Zones A and

B, plus Cow Head triloblte Zone 8 (refer to bhapter 3), suggeating
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that it is edsentially coeval with the welded conglomerates (Bed 8)- _
Whitch appear in proximal facies in the Cow Head Group. The‘Cooks |
Brook conglomerate is likewise restricted to proximal (westerly)
exposure, and may répresent the same style of oversteepening and
erosion at I;he ma-.rgin. Interpreted for its Cow Head counterpart. ‘
Intraformational truncation surfaces, suggestive of deposi.tion'(;n an
unstable slope, are common to both groups through tlhis interval,

-4) The clode of Cooks B‘rook sedimentation (within the Tremadoc La2
Zone) s represeAnted by :a distinctive Interval pf organlec garbon-
rich shale and thin-bedded lime mudstone regarded as an epfsode of
predominantly hemipelagic sedimer;tation, cut off from mass trénsport
input .;rorn' the shelf. This corresponds with deposition of the "wide
muddy carbonate apron” in the Cow Head Group, represented by

rassive, welded conglomerates and calcarenites in proximal sections
and pnrt;d lir.na mudstone in distal sections, The overall

depositicnal regime appears similar in the Morthern Head and Cow
Hlead Group, however the reduced carbonate input in the Northern Head
Is the first sl.ig:gestion of the i:ransi_tion to-a "lower rellief" style

« of margin, which becomes pronounced in the late Trelmadoc and Arenip
deposition of the overlying Middle Arm Point Formation.

3) In Ithe Northern Head group, c‘leposition of the Woman Cove member
"records 1} the markedly increaséd presence of detrical ,_dolomicte,
{nput by’oolian. plus gravity-transport processes,_coménsurate vith .
" the diminished Input of other allpda.pic carbonate components, 11)

l:'he'crnnsltllon to relatively more oxidizing aepositional condlicions

accompanied hy ii) the onset of increased bottom current accivity.
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This is synchronous with the narrowing of the c#rbonate sediment

apron in the Cow Head Group and the onset of red shale deposition in

‘distal-most sectlons. The progressive westward onlap of this
deposition- resulted In a a thick wedge of red shale-doninated facies
which characterizes the distal sections. Deposition of red shale
does not appear In the Northern Head group, on tha other hand untll
the middle Arenig (D. bifidus Zone of Williams and Stevens).

The fact that these changes, the dominance of detrital dolom{tec
in the Northern Head group and the appearance of bioturbated red
shale in distal Cow Head sections appear simultaneously, sugpgests
that they are different responses to the slarne chang.e in sedimentary
regirgf:. This appears be to characteri;ed by diminished overall ipput
from the shelf edge, both in the form of carbon;lte dehris, and
organic Icarbcm-rich mud, commensurate wlith the regime of platform
inundation described ebove. Carbonate gravity flow deposition
"continued In proximal sectlons st Cow Head.
€) Although shelf-derived sedimentacion becomes markedly diminishcd
in the Nerthern Head group at this point, some Input in proximal
sections 1s indicated by i) localized debris flow deposition
overlying the Woman Cove member and i{i} the calcarenite and black
shale interval which overlies this, both deposited Uithlrll the late
Tremadocul.‘

7) Evidence of condensed sedlmentatlon in the Northern Head Group

appears in the North Arm Polnt member, spanning the.latest Tremadoc

to middle Arenlg {(D. bifidus Zone).. An apparently briefer episode of-

condensed sedimentation appeara in the Cow Head Group {see above),

where it has been correlated with a major transgression and
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tewporary platform drowning. If this mechanism is correct, then it
appears that platform drowning vas more prolonged, and mor;'e
profound, ups)f.oplm from the Northern Head group.

8) Contrasting sedimentation In the two groups throug}; the remainder
of the Arenig is suggestive of & much lower relief style of margin
upslope from the Northern Head Group. Renewed deposition of
carbonate conglomerates and grainstones in proximal sections 1n the
Cow Head Groulp was accompanied by the resumed deposition of black
and green shales extending basinward. Sedimentation in the uppermost .
Middle Arm Point, on the other hand, is shale-dominated, with the
sporadic curbiditle inpn.;t of 1) lime mudstone and detrital dolomite,
and 11} orgsnic carbon-rich mud (black/green shale intervals) into
an dvera”ll relatively ‘oxidizing environment with relatively active
bottom curx:ent activity.

It was an sctive carbonate margin vhich supplied the extensive
debris sheets (Beds 10, 12 and 14) whic}; span the Cpw Head Group in
tha Arenlg. This style of placform imput is very spar-sely
represented in the Nc;rthern Head group. The pebble conglomerate
described frow the uppermost Middle Arm Point at Black Point (Port
au Port Bay).(chapters 3, 4) conteins gneiss.ic pebbles. It is
possible that these were Iintroduced through localized unroofing of
basement during the same episede of tectonism on the margin which
introduced Upper Cambrian lithologies into the Cow Head
conglomerates mentioned above.

The final input from the margin 1s represented by the thin

granule conglomerates deposited within the uppermost Middle Arm

o
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Point and lowermost Eagle Island Formation, within the I.v.
victoriae Zone (Australlan Ca?2 Zoné)_. These are anomalous within an
otherwise shale-doninated part of the section, and are regarded as
representing a final eplsode of m;rgln collap-se‘ The distinctive
chert/dolemite grains which occur within these granule
conglomerates, and sil::y dolostones within thls stratigraphic
interval, are Interpreted to have been directly derived from the
coeval Agunthuna Formation (Chapter &), Their presence within thesc
deep-water sediments {s consistent wit}; the regime of faulting,

uplift and erosion extant on the margin at this time.

Renewed deposition of red shale in \:111 but the most proximal

sections preceeded deposition of the Lower Head Fermation, under

conditions of final margin collapse. The variable stratigraphic
position of the Lower Head Formation has been described above, and
clearly postdates deposition of the Eagle Island formatiom (within

the I.v. victoriae Zone, or Australian Zone Ca2). The simplest

Incerprecation of this stracigraphic contrast would suggest that the
Northern Head group was situated basinward of the Cow Head Group and
hence recelved the transgresslve flysch earlier. On the other hand,
lateral transport of the transgressive flysch, along an axis
parallel teo the continental slope, has been suggested for. the Cow
-Head area, and l:lﬂ.s lateral style of transgresslon, from isolated,
'1nd1v‘1dal depocenters, may have resulted in the magnitude of

stratigraphic varlation described.




8.4 DMecussion and conclusiens

In the Cow Head Greoup, the transition from a proximal to distal
setting'-is accompanied by a pronounced and systematic} increase in
shale throughout the entire stratigraphic interval (fig 8-1).
Furthermore, distal sections are characterized by a thick wedge of
red shale, which first appears {n the late Tremadoc. A comparison of
the Northern Head group with these fundamental patterns (fig 8-1)
indicates that it iﬁ very unlikelly that the Northern Head group was
deposited basinward of the Cow Head Group. Rather than displaying a
proximal /distal relationship, “the two groups are Interpreted as

£

lateral equivalents.

The strong parallelism in the depositional history of the Cooks
Brook portion of the Northern Head group and the comparable upper
Hiddla Cambrian te upper Tremadoc portion of the Gow Head Grou_p
indicates that these unit.'{ were deposited along a simf{lar slepe, and
responded in the same way to regional events controlling the nature
of the carbonate platform upslope. The onset of shallow-water
carbonate sedimentation may have been more tentative upslope from
the N'orthern Head group, considering .the localized nature of debris
flow deposition there, and m-ay presage overall less vigorous
platform sedimentatlon in this area relative to that upslope from
the Cow Head Group (fig B8-2a).

The depositional history of these units diverged in the late
Tremadoc, when carbonat_e sedirentation appears to have been bkcome
markedly less active upﬁlope from the Northern Head Groﬁp, *

throughout the deposition of the Middle Arm Point Format{on.
’ ri
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Jigure 8-1

Comparison of the Cow Head and Northern Head ,-groups. Cow Head sections
from a proximal (Cow Head), intermediate (5t. Pauls Tickle) and distal

(Hartin Point} setting are compared with a composite stratigraphic
section of the Northern Head group. Cow Head sections are redrawn from
James and Stevens, 1986. Lithologic symhols as per fig 3-1a.







Flgure .8-2

Postulated evolution of the carbonate margin and slope, {llustrating
the contrasting depositional settings of the Northern Head and Cou Head
groupa,

Diagram A represents the onset of carbonate sedimentarion in the late
Middle Cambrian -

Diagram B {llustrates the contrasting margin morphology developed in
the late Tremadoc

Diagram € illustrates the complex margin morphelogy which existed in
the mid-Arenig «







Condensed sed{mentation associated uith platform drowning in the
early Arenig appears to have been much more prolonged in the Hiddle
Arm Point, Following this episode, the Cow Head Group records
reneved accretion of the platform, while the shaie-domlnafed

| sedimentarion of Middle Arm Point Formation indicates a relatively
inactive platfornm immediately’upslope {(fig 8-2b).

This evidence indicates a different -history for portions of the
COnt%nenIal margin upslepe from the ﬁorthern Head group and the Cow
Head Group, and suggests that subsidenée, and the transition to a
low-relief margin began upslope from the Northern Head group in the

late Tremadoc, while active carbeonate sedimentation continued "

upslope from the Gow Head Group, right up until deposition of the

Lower Head Formation near the close of the Arenig.

8.5 Additional evidence

Examlination of the Lobster Cove Head area, geographically
intermedlate between tha Cow Head Group and Nerthern Head grouﬁ (fig ) .
- 8-3), provides additional evidénce of a complex platform margin
configuration. Here a lérge‘raft of Arenig sediments is situated
within che Rocky Harbour Melange- (Hilliams et al., 1985), at a
structural nexus, with the Cow Head Group terrane to the north,
platfo;mal sediment; to the east and a terrane comprising Curling
G}oup, Norcthern Head group equivalents and ophiolite to the south. A
discrete break in depositio;al style s emb?g}ed within this '
sedimentary package (James et al., 1987). Tﬁ:ﬁlower part of the
sequence, deposited through the T. approximatus to D. bifidus Zone,

zte xinilar vo proximal facles of the Cow Head Group. The upper part
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of the'sequencq (Lobster Cove Head member) i{s separated by a hiatus

<
v

corresponding to deposition of the conglomerat{c Bed 12 in the Cow

Head Group, spans the I.v. victoriae ‘and 1.v. maximus Zones and g

overlain by the Lower Head Formatlon, deposited within the u.

austrodentatus Zone. The Lobster Cove Head member comprises thick
.
beds of s1lty dolostone and black and green shale, deposited by wenk

turbidity currents under dysaerobic conditions. The change iIn
deposition is accounted for here by (mid-Arenlg) synsedimentary
faulting along the'mafgin vhich resulted in the drowning of the
carbonate platform upslope from Lobster Cove Head, whllg the arda

upslope from Cow Head remained one of active carbonate accretion

(fig 8-2c). /
Thé style of irregularity in the continental margin implied in

the Lobster Cove Head area is considered to be of greater scope aud
% -

more profound effeer in the contrast between the Northern Head group

and Cow Head Group.

x

8.6 Speculation on implicatijons of the model

8.6.1 Tectonic implications

The contrast in Ordovician margin and slope morphology
postulated above to account f?r depositional differences in betwecr
the Northern Head and Cow Head Groups implies the presence, along
the margin, of subrly dffferent tectonie elements whose sealevel
history dlverged in the_late Tremadoc. This suggests that some form
of structural_discontinuify sep;ra;ed the margin -upslope from the

Northern Head group and that upslope from the Cow Head Group.

=




4 .
Evidence of feulting on the margin first appears

stratigraphicaily in the Agusthuna Formation (within the Arenig I.v.
victorlae Zone; James et al.,‘ 1987; T. lLane, S.H. Williams, pers.
l::om., -198?) ‘andl fa-}llt:-c'ontrplled sedimentation is evident in

- thickness variations wi:thin the overlying Table Head Group (KlaF')pa
ot al., 1980). Indirect evidence of mid-Arenig {I.v. lunatus Zonec) |
synsedimer:l:ary faulting from the Lobster Coﬁe area has been -
discussed above. No direct evidence of earlier margin fa;ﬂting {i.e.
late Tremadoc) s presently available. This may be obscured,

-I-iove'ver, by 1) the ovefiying Hunber Arm mochthon and 11)

- deformation and metamorphism of~platformal elements to the east of .

%
the Bay of Islands. While an erosional unconformity appears within

the'(upper_ Trenmadoc) upper ‘Boat }{arbour. Formation, it is of regional
extent and Is regarded as a eu;t;tically-control\led‘ feature.

1t i3 not unreasonable to expect structroral variation a._long the
margin, houeve.r, since the t;latlformsl sequence accreted upon a
;Lfted and fragmented crylstalline basement which gave rise to
initial horst and graben-control].ed clastic sedimentation in the ¢
Early Cambrian (Willlams and Stevens, 19691 1974; Williams, 1979).
The irregular nature of such a margin is reflected. in large scale
promontories and re-entrants (Themas, 1977), and it s likely that
this {rregularity also occurred on a smaller scale. Fault-block
readjustment {in ‘such a setting may readily a:counf for the

postulated lateral contrast i{n margi{n morphology.

Responsé to later tectonism

Since a detailed emplacement history of the Humber Arm

Allochthon is presently unknown, it i{s not clea'r‘:uhether emplacement
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may have been orthegonal te the margln, and hence whether the
Horthe}'n Head- and Cow Head groups overlie portions of tha margin
which were originally upslope and genetically related. It is
interesting‘ to note, ‘houever, that the juncture separating the

-depositionally different Cow Heed Group snd Northern Hesd grtoups,

which occurs in the vicinity of Bonne Bay, also represents a

structural boundary of some kind (fig. 8-3). North of Bonne Bay the

allochthon consists of regularly imbricated thrust slices of Cow

Head Group (plus Lower Head Formation). Underlying Summerside and
Irishtown equivelents are absent, as ls the overlying ophiolite.
Here the allochthon 1s bounded to the east by a high angle reverse
ffmlt which has uplifeed Grenvillian basement durilng post-Taconie
o;ogenesis. The sharp;southern boundary of this erystalline inlier
is a NW-SE trending line which extends through the Bonne Bay areca.
The Lobster Cove Head area, intermediate in depositional s.‘tyle
between the Northern Head and Cow Head groups, 1s situated
immedfately north of, but close to, this Junccure. South of this
line the ellochthon comprises 1ower;' silielclastic slices (Summerside
and Irishtown Formatlons and equivalents) and 1s capped by the
I-iumber Arm Ophiolite Complex. The eastern boundary of the allochthon
here is characterized by east-dire;:ted fhrusl:lng over deformed
platformal equivalents.

Hence a contrast in-structural response to continued (late
Tacdnic or Acadian) compressional tectonics, t;ot:h in the atlochthon

and autochthon, 1s superimposed upon the contrast In morphology

postulated for the margin upslope from the Northern Head and Cow




Figure 8-3

Aspects of the contrasting fegional structural style of the Northern
ilend and Cow Head groups,

|
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Head groups, Sp;éulatively, then, a besement-related margin
discontinuity, which may have controlled the depositicnal history of
the Northern Head and Cow Head Groups, may have persisted to affect
later orogenesis, and hence be reflected In regional geologic

differences.

8.6.2 Paleoceanographic fmplicstions

Head groups

Disf:ussion in Chapters 3 and 4 imdicates that paleoceanographic-

differences accompanied the contrast in depositional setting between
. 4 LS

the Northern Headl and Cow Head groups. First, based !.:.f;on present
evidence, shales of the Cow Head Group appear to be much richer in
: graptolite’s than those of the Northern Head group. Secon&ly, chert,
prominent in the Ordovician, Is interpreted in both groups to have
been derived from the {nitial accumulation of planktonic biogenic
debris (this gtudy; Coniglio, 1985). This chert is ruch more
abundant in the Cow Head Group, by volume and in variety of
cccurrence. Thirdly, phosphate appears in both groups principally as
phosphatized limestone clasts In copglomerates, and is mére abundant
in the Cow Hn?ﬁd Croup. All of_ these observations suggest a more
productive oceanographic regime in water masses overlying, and
upslope from, the Cow Head Group. This may be related to the
contrasting configuration of the continental slope an;i margin in the
two areas postulated above,

It is also interesting to note that proximal facles in the Gow

Head Group vecord black and green shale sedimentation, {.e.
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‘extensivé input of orlgnnic carbon-rich mud, which is continuous
throughout the deposition of thae Cow Head Group. On the other hand,
distal sections record deposition of bioturbated red shale
assoclated with diminished overall lnﬁut from upslope. Basinward’
incursion of bllack'/green shale sedimen;tatton in the Areni;l.; is

associated with renewed accretion of the placform.

8.6.2,2 Iﬁscussion'

Factors governing the accumulation of organic carbon in marine
depositional settings include 1) primary biolegic activity in
overlying or associated water masses, 11} sedimentation rate and

11i1) che oxygen content of bottom waters. All of these faotors may

reflect both local conditions, and global marine conditions. The

accumulation of organic carbon in the modern gcean, and throughout
!

the Phanerozoie occurs in two .prlncipal settings: i) stratified
basins, e_g. the modern Black Sea {Degens and Ross, 1974), where
stagnation implies the lack of aer‘ation of bottom watera, and {1)
the zone of impingement of the oceanic "oxygen minimum layer" upon
contlnental margins (Demaison and Moore, 1980; Jones, 1983).
Variation 'in global marine conditions may occur in response te
climatic and eustatic changes which govern such processes as oceanic
circulation (influencing, in turn, both nutrient recycling and the
aeration of bo‘ttom waters). Cyclic chanées {n global climatic and
eustatic condiglons have been modelled als a controlling factor in
the accumulatfon of organic carbon throughout the P‘I}anert;zoic

(Fischer and Arthur, 1979), In the Paleozoic (Berry and Wilde, 1978;

-




Leggett, 1978, 1980; Leggett et al., 1981) and in the Mesozolc
(Jenkyns, 1980; Schlanger and Cita, 1982, and references therein).
in this regard, the relative abundance of organic c:a‘bon wil':hin
the Caabrian to lower Ordovician Cooks Brook Formation is consistent
with an episode of abundant black shale deposition_, _suggestive of
poorly-aerated deep marine bottom-water, worldwide (cf. Legpgett et
al., 1981). Likewise, the appearance of more oxidizing conditions in
the upper Tremadoc of the Northern Head and Cow Head Groups is
roughly coincident with a Lower Ordovic_ian interval sparse in black
shale worlds:lde, suggesl:lin'g that it may reflect global oceanic
conditlions, In parct. | ’

On the other hand, local oceanographic factors may also exert a
strong control on organic productivity, and the disposition and
width of an fjoxygen wlnimum zone® within the water column. Increased
organic productlvity results in the increased surface demand for
oxygen, the increased sedimentation of organic carbon and the
widening of such an oxygen minimum zone. Diminished input of organic
carbon 'H'O!:.l].d have the opposite effect. In the modern ocean,
sedimentation of organic carbon-rich wud generally occurs on the
upper slope (Jones, 1983), where It is available for periodic
resedimentation by gravity transport {(cf. Dean et al,, 1977;
Rollkotter st al., 198); Meyers et al., 1984) (fig B-4).

Zonea of intense organle productivity in the world oceans are |
generally assoclated with areas of upwelling, vhere deep, nmutrient-
' ric‘h vater 1 circulated upward along continental margins (Thiede

and Suess, 1983, and numerous references therein). Moedern examples

include the west coast of Africa and North and South America,
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notably Peru {ibid.). Se&imentacion charéct%;istlgrof such areas of
upwelling and productivit} appears throughout Ehe'geologlc record
and is typified by the abundance of organic carbon, biogenically-
derived chert, and phosphate (Lindstrom and Vorcisch, 1983; Parrish
and Ziegler, 1983, Schopf, 1983).

Oceanic upwelling is s comﬁlex process lnvolving the dynamic

interaction of atmospheric and oceanic circulation and 1Is controlled

in part by continental shelf and slope morphology. While thase

processe; are imperfeétly understood, In general it appears that
steep continental margins promote more vigorous upwelling, uhile_
more gentle slopes result in a regime of weaker upwelling aﬁa motre
vigorous bottom current activity on the shelf aud upper slope (Suess
and Thiede, 1983, Smith, 1983).

This variation in upwelling, and resulcant localized organic
productivity, with slope morphology may be ; factor in the obscrved
differences between the Cow Head Group and Northern Head group. If
the margin upslope from the Cow Head Group remalned a prominent,
continuously accreting element throughout the Early Ordovician then
relatively continuous upwelling and assoclated organiec productivity
might be expected. This would provide a ready supply of organic
carbon In proximal sections, accounting for the extensive deposition
of black shale and the overzll abundance, in the Cow Heah Croup, of
graptolites and biogenically-deri?ed'chert. Distal sections may have
been situated beyond the reacﬁ of this extenslive supply of ofgan{c

carbon, and with diminished organic carbon input rtrecorded a relative

{ncrease in Eh levels in the depositional environment.




r . Figure 8-4

Schematic 1llustration of the deposition and resedimentation of ovganic

carbon-rich mud in the modern slope setting (modified after Rollkotter
ot al., 1583), ‘ ! '
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The Noréhern Head group, on the other hand, is postulafed'to'
have been deposited below & lower-relief margin throughoué most of
the Early Ordovician. Sueh a margin might be-expected to foster less
vigorous upwelling, hence a less fecund water mass overlying the
shalf break, and diminisﬁ?d everall blogenic input relat}ve to the
Cow Head Group (fig 8-5) . Hence cﬁe postuleted late Tremadoc changei
in margin morphology not only controlled the input of allodapic
carbonate but also the volume of resedimented ofganic carbon, which
in turn exerted an influence on the depositional and early
diagenetic environment. This model would account for 1) the Y
synchroneity of ch;;ges in the sedimentologic, ichnalogic and early
dlagenetic aspects of the Northern Head group which are focused at
the {upper Tremado;) Cooks Brook/Middle Arm Polnt boundary and 11}
the contrfst in paleoceaﬁographic conditions apparent between the
Northern Head group and Cow Head Group.

A possible modern analogue, off the sou;hwest coast of Africa,
has been documented by Calvert and Price (19?25. Here Iintense
upwelling assoclated with the Bengela Current 1s localized in the
vicinicy of Walvis Bay. The resultant énrichment of organic carbon
and biogenic silica in sediments i{s profoundly localized in an
elongate area which spans roughly .5 degrees of latitude, of a
comparable scaie to the model presented here.

bnijecént studies of Lower and Middle Ordovician deep-water (slope)
seﬁ?ments within the Northern Appalachians (Lash, 1986; Landing et
al., In press) describe shale-domihated pius carbonate intervals,

aimilar in many aspects to the Middle Arm Point Formation. Principal

facles are 1) a bloturbated red shale faciea indicative of
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Figure 8-5

Possible paleoceanogridphic implications of the contrasting margin
conflguration répresented by the Northern Head and Cow Head froups

(schematic diagram).
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relatively oxidizing depositional conditions and 11i) a black shale
plus carbonate facies. Thesg authors ascribe the contrasting
deposition of these facies Eo-cyclic. global climﬁtlc—eustatic
con?rols which resulted in widespread variation in oceanic
circulation and the resultant variable preservation of organic

carbon in the deep-water depositional enyironment. Considerable-
varigbility in the timing and nature of palecceanographic changes
Have been indicated in this study in the relatively localized
comparison of the the Northern Head group and Cow Head Group, end
similar overall variability is apparent along the margin as a vholc.
Deposition of the red shale faci;s is extant in the upper Tremadoc
of the Hamburg Klippq of éennsylvanﬁia (Lash, 1986) for example, but
does not appear.in the New York Taconic and Quebec Reentrant
sections, summarized by Landing et al. {in press), until the
Llanvirg.

Globgl climatic/eustatic ;;ntrols may‘have been important in
fostering.the averall paleoceanographic changes reflected in the
Lower Ordovician. However the local and reglonal variations
discussed aLove suggest that frregularicy in the ergin
configuration and slope morphology may represent an important factor

in controlling the input of redeposited organic carbon-rich mud, and

hence controlling the nature of the depositional and early

diagenetié environment, in settings such as the Middle Arm Polnt

Formation,
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APPENDIX B

" DISCUSSION OF MEASURED SECTIONS
T

A total of 12 sections have been used to assemble the
s:ratigraphy presented in thls séudy. This has been adﬁnﬁnted wich
observations from other areas (e.g. Glles Point, Brakes Cove, thé‘
Ratrler window) where the depree of deformation does not facilitate
the measurement of sections. ' . . ’/

This appendix is intended as a gulde to the location and

structural interpretation of sections discussed in the text, and

fllustrated in Appendix A.

1)  HALFVAY POINT
Location-ggg setting

%his section is located on the south shore of the Humber Arm,
near the community of Halfway Polnt: The lowermost part of- the
section (21U/195274) is exposed In rocky headlgnds along the
shoreline. The middle part of the sectlon is covered at the shere by
pebble beach and talus, but 1s exposed along the road.

The section spans the western limb of tgé Cooks Brook Syncline’

and exposes the lower part of the Cooks Brook Formation. The contact
with the ‘underlying Irishtowm Formation and the Halfway Polint nember
are well exposed at the base, and the section 13 measured eastward

to the broad hinge zone of the syncline west of’Cooks Brook

(21U/212253) . The same interval, more highly deformed (faultcd and

N
folded), is exposed on the steeper eastern limb of the syncline in

the vicinity of Giles Point,

)




Structural aspects

The section Is deformed by numerous folds; Uith steeply-inclined
axial planes, which range in wavelgﬁgth from less than 1 m to over
50 m an; appear to be parasitic ﬂn-the limb of‘the major Cooks Brook
syncline. Hence strﬁtigraphic intervals are frequently repeated
along the shoreline and.the section 13 assembled with careful
attention to younging indicators. Covered intervals occur in the
uppar part of the Halfway Polnt member, but nearby bedding attitudes
giva no indication of majo? dislocations of the secti&e in these

areas.

2) NORTHERN HEAD
Location and access .
This section spans Northern Head proper, extending from
1mmed1nté1y south of the unnamed brook north of Northern Head
(élU/l&&kBﬁ) to immediately east of No{thqrn Head (21U/188&55).
The section exposes almost the entlire ECooks Brook
Formation. Shales of the uppermost Irishtown Formation occur at Fhe
base (north end) where the contact with the lowermost Co;;s Brook

Formation {s disrupted by mlnor faults.

Structural aspects

Tha principal'struCCural complexity 1s dominantly EW-trending

normal Eﬁulting. with offsets of from I'to 30 m. This faulting has

been accounted for through the use of recognizable marker horizons

which include nedular lime mudstone horizons in the lower part,

conglomerates of the Brakes Cove member above these, and individual

i) thin conglomerates or 11) amalgamated beds {n the overlying,
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thick, calcarenite-dominated interval, The Brakes Cove ﬁember is
also exposed iﬁ isolated fault blocks to the nerth,

A series of subtle east;dipping shear planes results in thae
localized repetition of section in the upper (southeast) paft. This
deformation increases eastward, and the combination of this early
shearing aﬁd Intense normal faulting obscures the contact with the

overlying Hiddle Arm Point Formation.

3 - SEAL COVE s

Location, setting "and structufal aspects
The Seal Cove section occurs on the eastern limb of a major
anticline which trends roughly NS through Seal Cove proper. Shales

of the uppermost Irishtown Fotmation are exposed In the centre of

the cove (21U/210444), and the section extends eastward from this

polnt. The western limb o£ the anticline (western shore of the cove)
- 1s too 1htense1y faulted to be incorporated in any detail.

The entire sectlon is repeated by a thrust; detachment .has
occurred at the base of the Cooks Brook Formation. Stratigraphy is
ldentical in both structural sheets, however the lower (westerly)
sheet 1s the most intact. The section is bounded to the east by a

zone of Intense deformation which has rendered stratigraphy

unrecognizable. )




.

4y WOMAN COVE
bL.ocatlon’ggt_l gsetting
The Woman Cove section 1s situated on the eastern limb of a
major, roughly NS-trending syncline, the core of which occurs west
of Woman Cove p;oper. E;ements of the stratigréphy'are recognizabler

on the vestern limb of the syncline, but are juxtaposed by shearing.

- ' ¢
Structural aspects

.The section is separated into two parts by a NE-trending faulc

{visible on airphotos) whiech occurs in the centre of Woman Cove

(21U/236436). The offset on this faulc .cannot be measured, but based

upon 1) the similarity with other sections spanning the same

stratigraphic interval and 1i) the relatively small offsec (less

than 130 ?) displayed by similar faults elsewlere. the section.is
regarded as continuous,

The base of the lower part of the section (Woman Cove East) is
east of Woman Point {21U/247441). Farther east, stratigraphy is
obscured by foldipg and faulting, and the contact with the
underlying Irishtown Formation is only poorly exposed, in isolated
fault blocks, on the nerth sho?é of Penguin Arm. The section is
measured, through several Eyncline/anticline pairs, to the tip of
Woman Point (21U/236635) where the Brakes Cove member is exposed.

The section continue§ oh the west side of th% faglt, and is
disrupted by another fault zone, which appears within a calcarenite-
dominated interval, and is again thought to be of negligible offset.
The Woman Cove member i{:well-axposed‘apovg this. The ;£a1e-

dominated upper Middle Arm Point interval occuples the broad hinge

of the Woman Cove syncline, where it i{s thrown into numerous folds,
Fd s
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3) NORTH ARM POINT

Location and setting

9

This section 1s disposed along the western side of North Arm

Point. It exposes cthe uppermost part of:the Cooks Brook Format!ion

-

{southern end: 21U)189478), the entire Middle Arm Point Formation,

and the overlying EaglelIsland formation, at the tip of North Arm

Point, - -

Stuctural aspects

Strata at the base of the section’(Tremadoc black shale and
ribbon limestone 1ntérva1) are stéeply inelined but uprighe, and arve
bounded to ihe south(east) by & vertical fault zo#e, which scpdrates
them from highly deformed Caoks Brook litholtogies.

Th; section is measurea northward, where strata are

progressively overturned, and the upper part of the section 'is

situated on the western, lower 1igb of a major recumbent folid, with

a NE-dipping axial plane, Tﬁg basal contact of the Middle Arm ‘Point

Formation 1s exposed twice through-broad (late) warping about an EW-
trending axis. The” contact with the overlying Eagle Tsland Eormgtluu

is disrupted by minor shearing, but stracigraphlc relationships have

been preserved.




&) _ "EAGLE ISLAND NORTH

Location setting and structural aspects

This section 1a sltuat‘ed on the north{west) shore of Eagle

-

. Island and exposes part of the North  Arm Point member, the uppermost
. k-] -

Middle Arm Point Fom-ation, and the contact ‘with the overlying Eagle

Island formation.

e

" The basé of the section is bounded to the east by a ‘\{erticﬂ
-fault,‘ juxtaposing the Nor‘;:h Arx Point member with the {uplifred)
Eagle island formacion which' is ’exposed on the eastern half of tho
island. The F2Ction 1s measured westward from this point
(21U/163i63), through near-vertical strita. téithe northwest tip af
the 1island, which exi)oses basal conglomerates of the Eagle Island
formatiol_'l. Minor Eaultir{g occur‘s at a low angle to bia/dding in thf‘,.
upper par-l: of the section, but has resulced in horizontal

L - _?
displacements of. less than 3 m. . .

»

-

IS -~ EAGLE ISLAND SOUTH

Location, setting and structural aspects

This section is located on the southwestern shore of ‘Eagle

Island. The base 1.;_; situated &t the southwestern tip of the tsland

(21U/164457) in the core of.'a Ni-trending, NW-plunging, tightly
folded enticline. The-loﬁe;i' part of the sectlillon, which exposes

Tremadoc black shale oveflain’ by the Woman Cove member, is disrupted

by folding. Deformatlion decreases upsection, through the uppermost
a4 .

Middle Arm Point interval. The contact with the "slump and injection

interval® of the Eagle Island formation occurs on the southerpmost
. * - . -

! \
headland on the western side of the Island. Complex folding in rhis

Y
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] upsectio}i, a thick (170 m) interval of the Eagle Island formation is

interval - precludeé thickness measurement.

8y . - MIDDLE ARM POINT -

-

Location, access and structural aspects

This section is located Immediately north of Middle Arm Point
proper.{21U/165427) aﬁd is bounded by zones of intense deformation,
esgentlally melange, tc-'n the north(east) and south..‘-‘fhe _rne_-.asurgd
gection provided in App'endix B {llustrates the uppermost part of the
Middle Arm Point Formation and'the overlylng "slump and injection

E

interval®: the basal part of the Eagle Island formation. Southwarc,

.

exposed In the promontories of Middle Arm Point (summarized in fig

3-10).

9) BLACK BROOK NORTH

Locatjon, setting and structural aspects )

This sectlon is situated on the prominent headland north of
Black Brook (21U/159410). This l_':eadland exposes a huge rafr,
approximately 500 m In thickness, which occurs within shaly melange.

The r_af_t 1s, itself, internally-deformed, but 55111 preserves

stratigraphic relationships which are totallly obscured in the

melange. Thick intervals of the Eagle Island.formation dominate the

‘raft, and the contact with the Underlying Middle Arm Point Formation

is repeated three times by faulting or folding. The Black Brook
Rbrth sectlon i{s rthe least-deformed exposure of this contact. It is

bounded to the north by a {now"steeply-inclined) thrust which
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juxtaposes the uplpemost part of'éhe Kiddle Arm Point Formation wi'th
sands-tznim.' This 1_5 overlain, to the sc;hth, by.the basa\-I *slump. and
inje‘&;.tion interval® of the Eagle Is_land' fc;rmntlon. which is, 1;1
turn, averlalin by sandstones and co'nglomerates of -r.h; Eagl:e Island
formation. In.exposing the same stratigraphic interval, t.ha scction.

is similar to the Middle Arm Point sectlon.

10) and 11) CAPE SPLIT and GRASSY COVE

Locatlon and setting
) .The éape Split (21Uk2-03&77) and Grassy Cove (21U/214477)
sections are situated on the southern shore of North Arm.. This
shoreline is dominated by_melange which contains predomln{mcly
Middle Arm Point and Eagle Island Formatton litho.logiea. The most
intact blocks within this melange are composed of Eagle Islant.f.
formation, which may include thin.intervals of.the underlyling Hiddlie
Arm Point Formation at their base. Both of these sections expose tho
top of the Middle Arm P_oint Formation, basal "slump and injection
inte.rval" and overlying sandstone of the Eagle Island fo-rmatlon. The
Grassy Cove seci‘.ion is unique Iin that the North Arm Point mémber is
directly overlain by sandstone, and t_he ehale-dominated uppermost

Middle Arm Point interval is absent.

12) BLACK POINT (THE GRAVELS) {(Port au Port Bay)

Location and setting
This section 1e situated in cthe southern half of Black Point
(21U/755844) In Port au Port Bay, roughly 5 km north og the Portau

Port isthmus. This promontofjr exposes a large raft within sha-ly -
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melange, close to the structural base of the Humber Arm Allochthon.

Sandstones of the Eagle Island formation occupy the northern portion

- -

of -I:he ‘raft, "and the upper part of the Middle Arm Poinc Formation is

-

exposed in the south. A 4

Structural aspecté : N
0 P

The entire raft {s’thrown into a series of tight EW-trending

folds, of roughly 50 m wavelength. Middle Arm Point Iitholoéies are

exposed in an anticline at the southern boundary of the raft. The

. southern limb of this anticline passes transitionally inteo shaly
. .

melange, and the sectlon through the Middle Arm Pqiht {nterval Ls -
measured on the northern limb, from the core of the fold nortffward.

The upper (northern) boundary of the section is a fault, situated

: . .
near the hinge of the adjacent syncline, which juxtaposes Middle Arm

Point lithologies with (overturned) siltstones and, sandsctones of the

overlying _Eagle- I1sland formation,

-
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APPENDEX .C

FOSSIL LOCALITIES AND FAUNAL ASSEMBLAGES

This list constitutes principally new localities. discovered in
the course of this study. Previously-described localities are-also
incorporated, and so indicated, .

Fossil {dentifications and advice regarding interpretation of -
biostratigraph*_c zones was provided by) several experts, whose
contributioa is indicated for each locality. Trilobites were
identified by W.D. Boyce (WDB}; graptolites were 1dentified by §.H. -
Williams (SHW), R.K, Stevens (RKS); and B,D. Erdtmann (BDE).

Individual trilebite-bearing boulders are assigned
identification numbers (e.g. BS5F91), employed by W.D. Boyce, at the
Newioundland Department of Mines and Energy, where the specimens are
presently stored,

IRISHTOWN FORMATION

1) McIvers; Irishtown conglomerate G.5.C. 66026 {(W.H. P:ritz ty R.K

-Stevens, 1%67) . -

?austinvillia sp.
Pagetides sp.

"lower Cambrianm, probably lower Lower Cambrian* . -

COOKS BROOK FORMATION

HALFWAY POINT MEMBER

2) Halfway Point; boulders in conglomerate
a) (A.R. Palmer co R.K. Stevens, 1979}

Trilobites
Bathyuriscus sp.
Kootenia sp.
Peronopsis gaspensis?
Semlsphaerocephalus sp,
undet. ptychopariid (n gen.?)
Brachiopods .
Acrothele subs{dua
Linnarssonia ophirensis
Prototrata? sp.
Mollusca

Hyolithes sp. ;

"Bathyur'iscus-Elrathina}one/ Ptycﬁagnostus gibbus Zone"

5"
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e) 6.5.C. 82091 ’ i

. ;

b) G.5.C. 74853 (W,H. Fritz to R.K. Stevens, 1967)

* 7Pholdagnostus sp.

Lingulella sp. "late Middle Cambrian®

1) Halfway Point section; thin-bedded (nodular) lime mudstone; WDB

Bathyuriscus elegans (numerous individuals)

Bolaspidella Zone

4) Bound Head (Ral‘:tler block); boulders within conglomerate; (W.H.
Fritz to R. K. Stevens, 1968)

a) G.5.C; 82089
?Bathyuriscus sp.
Hypagnostus parvifrons

Utaspsis sp.
unidentified pygidium

b) G.5.C. 82090 . .
Hypagnostus parvifrons

Uraspis sp.
~ unidentified pygidium

TUtaspis sp, . ) -
undet. agnostid '

"BolaspidellawZone"”

5) Bound Head (Rattler blomk); thin- bedded {nodular) limt mudstone;

WDB

. leasgidalla Zone

Bathyuriscus elegans
Modocia nuchaspina

Bolaspidella Zone

BRAKES COVE MEMBER

~

6} Conglomeraric interval north of, and projected .into Northern Head
section. boulders within conglomerate; WDB -

/’F‘

B5F91 .
?Elrathia sp. <f. ?E. limbata Rasettl, 1963
Hypagnostus parvifrons Linnarson
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Ptychagnostus sp. cf. P, hybridus Robison ;1364

Diesbachién Stage Cedaria Zone

LY

85F92
Cedaria sp. (cranidia}

Kingstonla sp. {(cranidia, pygidia}
Terranovella sp. (eranidia)

85F94.
Trflobites

! - -

Kormagnostus sp.
7Bomneterina sp. (cranld{um)

Cedaria sp.
Brachiopods
undet. inarticulata

85F95
Trilobites ; .
Cedaria sp. (pygidia)
Brachlopods
undet, inarticulata

85F101 .- )
. Cedaria sp. {abundant c¢ranidia)
Kingstonia sp. (cranidium)

B5F102 .
Cedaria sp. (pygidium)
Kingstonia sp. (pygidium)

Kormagnostus sp. (pygidium)
Terranovella sp. {(cranidium)

B5F103: )

Trilobites
Cedarla sp. (cranidia)
Kormagnostus (cranidium)

Brachiopods | ‘
undet, }narticulata

Presbachian Stage Cedaria-Crepicephalus Zone

85F96 i -
Cedaria sp, (cranidium)
Creplcephalus sp. {(pygidium)
Kingstonia sp. (pygidium)

Terranovella sp. {cranidia)

BSF97
Tricrepicephalus sp.

BSF98 _ /




Kingstonia sp.
Terranovella sp. (cranidia) .=
Tricreplcephalus sp.

B5F100 . :
Crepicephalus sp. (pygldium)

Hypagnoatus gp. (cranidium)
Kormagnostus sp. {cranidium)

Dresbachian Stage Crepicephalus Zone

B5F90

Trilobicéa
Creplcephalus sp. {(pygldium)
Eldoradia sp. {cranidium)
Tricrepicephalus sp.

Brachlopods . = . /
undet. inarticulata _ )

85F93

Crepicaphalus sp. (cranidium) .
Tricrepicephalus sp. (cranidium, pygidium

Prablematic collectlons, Zone uncertain

85F89 o ‘
Trilobites: gen. and sp. undet.
Brachlopods: undet, inarticulaca

~ 85F99
Trilobites (fragments): gen. and sp. undet.
Brachlopods: undet, Inaticulata

8SF104 .
?Blainiopsis sp. cf. B. holtedahll Poulsen, 1946 {pygidium)
7Ehmania/Fhmaniella/Modocia sp. -
70nchonotopsis sp. cf.0, occidentalis Palmer, 1968°
{cranidia) '
?Welleraspis sp. (cranidia)

B5F105
Trilobite: gen. and sp. undert, (cranfﬂium)
. 1,

»

7) Northern Head sectlon; bdﬁlders within conglomérates; WDB

-
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Dresbachlan Stage Cedarla to Crepicephalus Zone

85F227 S : :
' ?Cedaria sp. (cranidia, pygidia) .
. Crepicephalus sp. (eranidium, pygldia) " o :

Eldcoradia sp. {cranldia)

. 7Hypagnos ypagnostus sp. {craridium)

Kormagnostus sp. {cranidium, pygidium)
Terranovella sp. {cranidia)

Tricrepicephalus sp. (cranidium, pygidia) o

Trilobagnostus/ Triplagnostus (cranidium) . .= ™ :
P

B5F228 . .
_  Kingstonia sp. (cranidium) -0 T

gen. and sp. undet, (cranidium) - ) :
Dresbachian Stage Crépicephalus Zane
B5F226

Crepicephalus sp, .

?Coosella sp. (pygidium)

Kormagnostus sp.

Terranovella sp. (cranidia)

- Iricrepicephalus sp. (cranidium)

gen. and sp. undet.
Problematic collections, Zone uncertain -
B5F224

?Acadagnostus/Hastagnostus sp. (cranidium)

gen. and sp. undet, (librigena, pygidium)
85r225 : '
Trilobites: gen. and sp. undet. {cranidia, pygidlum) : e
85F229 _ '

?Blountia/Cedaria sp. (pygidium) *

?Cooaella/ﬂeteoraspis sp. (pygldium)

8) Lower conglomerate w{thin Seal Cove section boulder within
conglomerate UDB

85F230
Bynumina—(Aphelotoxon) ep. ¢f, B. (A.) marginata Palmer, 1965
Deirocephalus sp. {cranidium) i 2

Kingstenia sp.

?Sigmocheilus sp. cf. §. poponipensis®Resser
gen. apnd sp, undet.

Dresbachian Stage Cedaria to Crepicephalus Zome
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9) Wedtern conglomerate at Brakes Cove; boulders within

conglomerate; WDB T . S ‘ . '
M. '

Dreabachian Stage Cedaria Zeonae ‘

86F89 .
Trilobita : .
Cedaria ’
Brachiopods
undet, inarticulata

Dresbachian Stage Cedaria-Crepicephalus Zone

B6FB8 ) L . ' ‘ .
?Crepicephalus sp. {pygidia) . ’
7Prehousia/Prosaukia’ sp, - : .

86F90 ' o K

Crepicephalus spl (pygidium) —_—

Meteoraspis sp. (cranidium)
Tricrepicephalus sp. (pygidium)

B6F91 i . .
Holcacephalus sep. (cranidia) ~
Tricrepicephalus sp. (cranidium)
gen. and -=p.*undet.

' \ d

86F92
Trilobites o T
Meteoraspis sp. (cranidia, librigena) _ P
Holcacephalus sp. (ecranidium) . ) : '
Brachlopoeds
ot undet. Inarticulata ) ) - -

Problematic collections

—

B6F87
Trilobites: gen. and sp. undet.

10) Eastern conglomerate at Brakes Cove; boulders within
conglomerate; WDB -

Bolaspidella Zona

84F139 . .
Harjumia sp. cf. M. callas (Walcott, 1916Y (crsnidium)
gen. and ap. undet.
’
Dresbachian Stage Cederla-Crepicephalus Zone ——
\ .

- B&F93
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Deiracaghslua'ép. (cranidium)
Kormagnostus sp. {cephalon)

BEF94

Kormagnostua sp. {cephalon)
Tricreplicephalus sp. {eranidium)

’

86F95 : :
. Crepicephalus sp. (cranidium, pygidium)

Kormagnostus sp. -(cephalon)
Iricrepicephalus sp. (pygidium)

86F96 _
Densonella 'sp. (cranidium)

Tricrepicephalus sp. (cranidium)
gen. and sp. undet.

86F97 ‘ <
Kingstonia sp. {cranidium)
Kormagnostus sp. "(pygidium)

11) Woman Cove Head (conglomerate within Woman Cove section);
boulders within conglomerate; WDB °

. Dresbachisn Stsge Cedaria Zome

- -

85F106 . .
?Bolasplidella sp. of Kindle, 1983 (plate 1.2, fig 1l4)
Cedarla sp. {(cranidia)

Kormagnostus 3p. cf. K. simplex Resser {cranidium)

BSF107
7Cedaria sp. (ecranidium)

Hypagnostus sp. (pygidium)

‘Problematic collections, Zone uncertain

B5F108 . )
Hypagnostus sp. (cranidium, pygidium)

85F109 .
blenasgella ap. cf., Q. evansi Koba}hshi {cranidium)
Proceratopyge sp.rbf. P. rectispinatus Troessson (cranidia}
or possibly i
Prerocephalia sp. cf. P, constricra Palmer, 1968

]

B5F110 ' ' ;
; ?Ptychaspis sp. (cranidia, pygidlum)

85F111




?Ptychaspis sp. (pygidium) - . .

85F112 . -
Trilobites: (f;:;naﬁf) gen. and spec. undet.
Brachipods: updet. inarticulata .

BSF113 '

Hypagnostus sp. cf. H. correctus Opik, 1967 (pygidium)
or posaibly . : _

. Hypagnostus sp.-cf. H. clipeus Whitehouse (Opik, 1979)
or poasibly :

Hypagnostus sp. cf. H. Inaequalis Opik, 1979

85Fl14
?0nchonotopsis ap.” (cranidium)

85F115 . . ) _ _
?Bynumina/Ithycephalus £p. (ecranidium) .

.12) Pemguin Arm (Allanz Brook); boulders within conglomerate; WDB

BEFB2
Kingstonia sp. (cranidium)

86F43
fChariocephalua sp. {(cranidium)

B6FB4
TKingstonia {cranidium)
~ r

"?Dresbachian Stage Cedaria Zone"

13) Penguin Afm; boulders within conglomerate; WDB

86F85

Bolaspidella sp. (cranidium)
Kormagnostus sp. (cephalon)

B6F86
Trilobites: gen. and sp. undet,

;?Dfesbachian Stage Cedaria Zone

"UPPER CONGLOMERATE": SEAL COVE
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. 4 ’
- . L . )
1&) Upper conglomerate at Seal Cove' boulder Hithin conglomernte. Q
"WDB b
~85F231 - - . - B ¢
?Dellea sp. (cranidium) )
Parabolinoides hebe Fn;derickson (cranidium) -

"Franconian Stage aenicegﬁalus Zone . : :

UPPER CAHBRIAN CALCARENITE-DOMINATED INTERVAL |

»

15) Nérthern Head section; shale lnterbeds in uppermost port{on of o
calcarenlce- dominﬂted 1ncerva1 BDE :

Graptolites . -~ L.
undet. gen. and sp. cf. Callograptus : -
B : ’ ) v [ ]

I

LOWER ORDOVICIAN CONGLOMERATE
7

16) Northern Head section, prominent conglomerate in upper part of
section; boulders-ih conglomerate; WDB

Trempealeahan Scagg Saukia Zone Y &
85F120 . _ ) :
Platydiamesus depressus Rassetti, 1963b) . .t -
Early Ordovician Misslsigquola Zone to Ross-Hintze Zone B ’ .
85F118 : N .
Trilobites , - . .
Ptychopleurites brevifrons Kobayashi (éranidium) i
Symphisurina bubops Winston and Micholls, 1967"% ° .
Brachiopods . o : . ) -
Apheorthis sp ' ' :
8SF119 - © .
Symphisurina bubops Winston and Nicholls 1967 ? .
B5F121 i -
Symphisurina bubops Winston and Hicholls, 1967
’ v . - [
- 85F122 - . . : *
Trilobltes *
Symphlsurina bubops Winston and Nicholls 1967 :
Brachiopods '

- ?NanoFth;s 5p. . - .




Pr“oblematlc collections

85F117
Trilobite fragments: gen. and sp. undet.

:

lDUE;l ORDOVICIAN BLACK SHALE/RIBBON LIMESTONE INTERVAL

17) lowermost Eagle Island South section; black shale;-Erdtmann

and Boteford,- 1986
. )

Rhabdinopbora enigma
& Anisograptus compactus
Rhabdinopora scitulum

. ) .
equivalent to Australiam Lal Zone (Assemblage 2; Cooper, 1979}

18) Black Head, Middle Arm; "deformed Cooks Brook Formation™; hlack
. shale; Stevens, 1965 ) )
- , .
Dictyongma sp. cfTD. cyathiforme
Dictyonema sp. cf. D. rusticus
Dictyoriema sp. cf. D. lapworthi

Anisograptus mataensis

Assemblage 2 (Cooper, 197‘:'1‘)

19) "deformed Cooks Brook Formation, immediately SE Black Head;
interbedded black and green shale; RKS

f

Staurograptus sp.

20) lowermost North Arm Point section; siliceous black shale with
minor lime mudstone; RKS

Dictyonema sp. s.1. .
Adelograptus (Bryograptus) victoriae

Kaferograptus antiquus

equivalent to Australian La? Zone (Assemblage 4; Cooper, 1979).
- _ b

-

21) uppermost portion of Northern Head sectior'a; black shale

* —_
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interbeds within ribbon limestone; BDE

Araneograptus murravyi
undet. graptoloid siculae T

equlv'alent to Australlan La2 Zone (Assemblage 4; Cooper, 1979)

TREMADOC INTERVAL AT NORTH ARM POINT

22) 32 m; uppermost Cooks Brook Formation; black shnle
interbeds within lime mudstone; RKS

undet. Dendroidea

23) 52 m; Middle'Arm Point Formatien; thinly interbedded \
black/green shale interval overlying Woman Cove Member; RKS

Clonograptus sp. —— ) .

24) 57 m; Middle Arm Point Formation; black shale [nterbeds
within "dark parted lime grainstone interval"™; RKS "

undet. Dendroidea

LOWER NORTH ARM POINT MEMBER

latest Treemadoc, uppermost part of Assemblage 4 {(Cooper, 19/9)
253) North Atom Point section (73 m}; thin grey shale beds within
siliceous green shale-dominated interval; SHW : *

Adelograptus vicroriae
?Tetragraptus/Temnograptus sp.
Kiaerograptus sp.
?Clonograptus sp.

?Bryograptus sp. (two-stiped)

26} "shear-bounded interval east of Northern Head, Middle Arm,;
litholopy as above; SHW

Adelograptus sp. . i
?Tetragraptus/Temnograptus sp.

7Clongraptus sp.

?Rryograptus sp.
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27) Grassy Cove, North Arm; lithology as above; SHW

Klaerograptus sp.
?Bryograptus sp,

UPPER NORTH ARM POINT MEMBER

assigned to the Arenig D. bifidus Zone (Williams and Stevens, in
press). s

28) North Arm Point section (Bé6 m): lithology as above; SHW

Didymograptus bifidus (narrow-stiped)

Isograptus cf. I, primulus
Tetragraptus ?higsbyi

Tetragraptus sp.

.7Pendeograptus pendens

29) lowermost interval at Eagle Island North sectlian; lithology as
above; SHW

Pendeograptus pendens

?Coniograptus sp.
Tetragraptus sp.

30) Eagle Island South section; lithology as above; SHW

JTerragraptus sp.

?Pendecgraptus pendens

poorly preserved, regarded as "lower Arenig" and tentatively thought
to be equivalent to the two localities listed above. .

UPPERMOST MIDDLE ARM POINT 'FOR.H.ATION

J1) uppermost Middle Arm Point interval within Woman Cove section;
thin black shale bed within interval dominated by green shale; SHY

?Pendecgraptus pendens
undet., graptoleid fragments »

poerly preserved and regarded only as "lower Arenig”

32) Black Point section (Port au Port Bay); black shale; SlW
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Isograptus viectoriae lunatus
Phyllograptus typus
Pseudotrigonograptus ensiformis

assigned to the I.v. lunatus Zone (Willlams and Stevens, in pross)

33) Middle Arm Point section (5.2 m); black shale beds within
thinly-interbedded black and green shale; SHW

Isograptus sp.

THolomograptus sp.
7Xiphograptus ecf. bovis (Williams ms name)

a poorly-preserved fauna, referred to the I.v. lunatus or 1.v.
victoriae Zone (Willlams and Stevens, in press).

34) Eagle Island North section (59 m); black shale heds wlthin
thinly interbedded black and green shale; SHW

Isograptus victoriae victoriae
Pseudotriginegraptus sp.
Xiphopraptus bovis {(Willlams ms name}
?Expansograptus/Xiphograptus sp.

u-:s‘slgued to the I.v, victorlae Zone

EAGLE ISLAND FORMATION

The following three localities are all assigned to the I.v.
victeriae Zonme (Willfams and Stevens, In press).

35) Rocky Point, West Bay (Port au Port Peninsula); thin to medium.
bedded sandstone; SHW

lsograptus sp.

Holmograptus sp.
Xiphograptus cf. bovis (Willlams ms name)

36) Middle Arm POint'section {uppermost part, approx. 205 m);
medium-bedded sandstone; SHW

Isograptus victorisme victoriae

Tetragraptus sp,

37) Black Brook Nerth; medium-bedded sandstone; SHW

Isograptus victoriae c¢f. victoriae
Tetragraptus ?serra
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APPENDIX D

MAJOR AND TRACE ELEMENT ANALYSES OF SHALES

Major and am':l trace element analyses of shale samples from the
Northern Head group, and adjacent units, incorporated in this study
are presented In this appendix.

The significance of abbreviations employed in the tabulated data
1 as follows: A

Number

Shale samples were assigned consecutive numbers as collected.
Samples were also collected from extraneous unita, and are not
incorporated in this study, henca apparent gaps in sample numbers,
Strat.

Samples wera collected from known or Inferred stratlgraphic
locations, and assigned a position in the composite stratigraphic
section of the Northern Head group (and adjacent unics). "Strat.”
the stratigraphic posiclon, in meters, within this section, above
the base of the Cooks Brook Formation. Irishtown samples are
assigned a negative number, measuripng downward from the same datum.

FeTot is total Fe, expressed as Fe203,

Group .
This refers to the 3 shale groups discriminated in Chapter 7:

Group "1" comprises- black and grey shales of the Irishtown
Formacion

Group "A™ comprises black, plus black and green shales of the
Northern Head group and Eagle Island formation

Group "B* comprises green plus red/green shales of the Northern Head
group and Eagle Ialand formation, These are commonly assocliated with
detrital dolomite, and display evidence of current activity,

Ml and M2
These are "maturicy Iindices” employed ln Chapter 7.
"M1" = A1203+K20/MgO+Nal0
"M2" = K/Rb (both expressed in ppm)
ﬁ




MAJOR ELEMENT ANALYSES

(wt.® oxide; Corg in wt. %)

Number JB 001 JB 002 JB 003 JB 004 JB 006 JB GO7
Colour RED GREEN RED GREY BLACK GREEN
Strat, 378 379.5 350.5 352 -2 360
£i02 68.4 67.0 62.6 43.7 5.8 ° 68.9
Tio2 .48 .45 42 0.20 .53 =» 0.51
Al203 .20 .10 .70 5.50 .90 10.70
MnO .03 .05 .48. 1,08 .01 0.11
MgO .83 .39 .55 4.92 .99 4,82
Cal .20 .22 .24 20.12 .32 .62
Na20 .92 .92 .99 . 0.44 ' .50 .91
K20 .41 43 .04 0.71 .37 40
P205 .05 .10 .10 0.07 .19 12
Lo1 .94 .37 .45 19.85 .65 .26
FeTot 16 .54 .24 3.35 .53 .48
Corg .07 . .03 .02 0.16 11+ 0.05
*
Group B B B . A I B
M1 .50 LA46 .84 1.16 .97 .29
M2 .81 o .97 139.46 48 07

[
COCWVWwoOfFoOOoODWwomo
-
OMESoOWQODUIMORND
fa
PVt OD W OMODWMD

. - -
SO NOREONL OO

Number JB 009 JB 010 JB 011 JB 01Z  Jb UL}
Colour GREEN  SLTST  GREEN  CREEN  GREFN
- Strat. 419 427 197 156 471.5
$102 61.7 - S7.1 65.7 33.1 59,7
T102 .63 72 0.57 .18 .53
Al203 .50 .70 + 11,80 .40 .30
MnO .19 1A 0.20 .50 11
Mg0 .83 .09 6.72 .98 .69
Ga0 .72 .76 0.38 .02 24
Na20 .02 .63 0.79 .35 A
K20 12 .63 2.77 .63 60

0

4

5

0

o

P205 11 .17 .11 .04 .08
Lol .23 .86 .87 .26 .28
FeTot .26 .14 N .13 L0
Corg .05 .19 .03 .09 .13

[ 5]
O NOOoO O WL OO

- —
CWVOWEWMROWVOWD
-
S NN ONHERND WO
—
COVOoO WO OO O

"Group B B B B ‘B
M1 . 4] .12 1.94 .68 Al
M2 - 93 .38 167 .42 .50 69,




*  Number
Colour
Strat.

s102

T TIO2
o™ Al203
S MnO

MgO
Cal
NaZ?0

K20

P205S
LOT
FeTot
Corg

Group
Ml
M2

Number
Colour
Strac,
5102
T102
Al203
HnO

MgO

Ca0
Na20
K20
P205

101
FeTot

, Corg
Group
‘M1
M2

JB

0l4

BLACK

5

-
MO

) -
Lol Sl = T R B

159.

JB
GR

6

[
SWLEOQOQWOOONO

358
1.3
.51
.10
.05

.37

.62
.95
.69
.10
.91
.10
11

A
.18
80

020
EEN
268
5.4
Y

.03
.61
46
.68
.38
.07
.1
.35
.02

.22
155.

04

60 .

[

Major element data (contd. ¥

JB 015
GN({DOL}
359
48.4

0

=
-

-
QWO WOmEO

166

JB 021

A7
.20
.07
65
.50
.81
.09
.10
.68
.52
.07

B

.51
.62

GREEN
272
65.0

(=
N O

O QWM OWD

146.

.56
.90
.20
.37
.62
14
.12
.10
.34
.17
.03

46

67

JB 016
GREEN

L}

45.8
0.
10,
.85

0

8.

11

1

165

33
20

71

.62

0.76
2.04
0,
5
4
0]

12

.95
.16
.18

A

.29

00

JB 022
GREEN

2

75

60.3
.47
.80

-
[= =]

= .
ORNWVMOHOOWOVOD

.14
.80
.24

19

.15
.14
.09
.13
.03

.20
138,

13

v .
“JB 017
BLACK
105
44 8
0.40
7.70

- 0.04

= 9.6

13.12
0.96
1.38
0.15

B.76

2.93

0.33

1

A
0.86
154.90

JB 023
BLACK
-5
47.8
.53
.00
.05
19

—
~—

o
a

.42
T4
.19
72
.98
.22

P
O WO WD m WD

5.75
171.42

JB 818
BLACK
160.5

= -]
e
1x]

45
.80
.01
.51
.36
.80
.02
.11
.66
.19
.28

&

OQNMNONOONO IO

2.97
148,13

JB 024
GREEN

111

51.7
Lhd
.54
.03
13
.98

.94
.13
.14
.23
.08

—
QL OHFHEDOWYWD

A
1.25
190,54

.06

JB 019
GREEN-
251,5

59.9

.56

.00

.0l

(46

46

.52

.35

17

45

.99

i1

—
[ =]

(=R LN N e L R N =]

152,27

35 s

GREEN
289
71.5
.24
.97
.53
.22
.12
.23
.03
.81
.09
.61
.52

OWrONRWSOOO

195,34




Major. element data {(contd.)

NHumber JB 026 . JB 027 JB 028 JB 029 JB 0d}
Colour ‘ GN{DOL) BLACK BLACK BLACK GREEN
Strat, 285 13 20 237.5 365
$102 349 54.7 59.2 59.4 64.2

. Tio2 0,38 .58 ¢.60 0.51 .29
Al1203. B .45 .80 16.00 .90 .60
MnQ 0.27 .03 - .02 .02 .29
MgQ 10.88 .65 .64 .73 .68
Cal 14 .88 .16 .80 .48 .76
Na20 0.51 .76 .52 .56 A9
K20 1.74 .76 .88 A0 .07
P205 0.10 .08 .13 .21 .11
3

I

)

o

-
ow o
=
[+
—
o

. —
HEOO WO & W

o
NWw OO W&o

101 231.18 .35 .63 .68 22
" FeTot .07 04 .04 .42 A3
Corg .05 .12 .14 .73 .04

OFdOoOWDOoOMND
OFrunOE=O~-30
SOwvwworolaoooeD

Group A A A A A
Ml .89 . .29 .58 . .07
M2 .62 ' .33 . . 0%

Number JB 032 JB 03} JB 03 JB 035
. Colour = GREEN GREEH BLACK &N (Dol)
Strat. 355 362.5 . 226 224
5102 62.3 62.9 48.9  35.6
TiD2 0.47 0.52 .38 0.28
Al203 .20 .50, .50 “6.90
MnQ .07 .07 .04 0.20
MgO .24 .09 .75 13.48
ca0 .64 .20 .78 14.10
Na20 .79 .78 .78 0.63
K20 .38 .56 .90 1.36
P205 .14 .10 11 0.1
LOI .12 .68 .17 22.59
FeTot .94 .23 .90 3.18
Corg .03 .10 .98 0.07

o
La

(=
OB OWLDEVLON
O DwWwoO oD
- -
ONUPWO~OWuUuOod

Group’ B B LA A
M1 .58 .48 1.59
M2 .89 .33 168.55




Number
Colour
Strat,
5102
. T102
Al203
MnO
MgO

.Ca0

Naz20
K20
P205
Lol
FeTot
Corg

Group
Ml
H2

"Nunber
Colour
Strat,

5102
. Ti02
Al203

HMno
Hg0
Ca0D
Na20
K20
P205
Lo1
FeTot
Corg

Group
Ml
M2

JB 038
BLACK

—

OO OWORNVLDNND

126
62.1
.42
.10
.64
.38
.78
.72
.08
.13
.16
.55
.14

A
.49
b6

JB 044

GN{

DOL}

140

[

—
OPFP~wNOMHOFR, VO -NO

45.5
.24
.79
.08
.68
.78
.71
.40
.13
.75

.05
A

.88
.33

Major element data (contd.)

JB 039
GREEN

-
OOV WOOWUMOWO

325
64.8
.48
LG40
.08
A9
24

.36
.10
.10
.55
.05

A
.67
L34

JB 045

b

GREY
220

78.6

.22
.80
02
.72
.40
.61
.09
.15
91
.12
.10

ONNOROoODOWMDOD IO

A
.25
.76

.78 -

JB

6

—
O VD WO WO~ D

IB

040
RED
338
2.7
L4t
.80
.35
.08
48

.87,

.70
.16
.82
.19
.04

B

.61
.33

049

BLACK

5

0.

[
—

OO AwO WO MND

-17
2.6
73
.60
.03
.79
.90
.19
.76
.12
.00
.32
.26

I_

.37
W73

JB 041
GREEN
344.5

47.12

—

(=
OO OEHONO

15

~a
OO PO O WO~ O

.29

.79
.86
.83
.80
.57

.26

.20
.2
.67
.09

%

h.
PPN OoOWOoOOO oD

=
o0

S OWEOWD

—
O o= O

-
[ B = B SO 0 -

—
O

OF DO EF W™D




MaJor element data (contd.)

Number JB 053 JB 054 JB 063 JB 064
Colour BLACK BLACK RED GREEN
Strat. 0.5 10 329 328
sio? 5¢.1 60.2 48.0 82.9
T102 0.49 0,53 .31 .16
Al202 .70 .50 .30 .80
Mn0O . .03 .01 .27 .02
MgO .62 .07 .63 .03
Ca0 .74 .76 .28 .08
Na20 .03 .36 .67 .40
K20 .15 .28 .53 .18
P205 .19 ¢ .13 .06 .02
101 .50 .13 .38 .93
FeTot .71 11 .62 .54
Corg N1 .12 .05 A

=1

—
£
(=
L%,
[
=

— .
QFE~NONDODGWOE D

—
OO DWwOoO oD

OO WM e
OO WHEODWVOD
QWD R, ORDWR PO
OV UVMDFDDEFEOoO@O

#
Group A A B B

Ml .16 .92 .05 .74
M2 b .32 .99

Number JB 067 JB 068 JB 069 JB 070 JB 071
Colour GREEN GN(SLTST) RED GREEN BLACK
Strat. 413 416 4722 60.5 60.5
si02 5%.0 20.0 6£7.8 66.0 56.0
Ti02 0.60 .22 .31 0.49 0.40
A1203 14,00 .70 . 2b 14.10 16.90
Mno 0.10 .54 .53 ,02 .06
MgO 6.06 .30 .7 .13 .57
Ca0 .1.82 .00 .76 42 124
NaZ0 p.73 .33 .48 .62 42
K20 3.60 .06 .68 .29 .13
P205 0.14 .08 .06 .22 11
1

6

0

-
w O

t

e
QRO WEODND

oI 11.31 .53 .48 .99 .96
FeTot .81 .32 .05 17 .67
Corg .52 R 13 .10 1A

ou'momoobo“’o
[ P . WICR N Y. )
OFVON— LD
prromooro

Group B A B A A
M1 .59 1.26  °2.30 58 . 1.86
M2 31 138.81 .98 16 .05




~'s

Number

"Colour

Strat. -

5102
T102
Al203
MnO
MgO
Cal
NalC
K20
P205
-LO1
FeTot
Corg

Group
+ Ml
M2

Number.

Colour
Strat.
- 5102
T102
Al1203
MnO
Mgo
Cal
Na20
K20
P205

) o1
FaTot
Corg

Groﬁp
M1
M2

JB 073
BLACK

-2¢

64 .6
1
.00
.04
.00
B4

.35
.10
.82
.72
.09

(=
OO MNOOWOoDWLO

I .

4,47
166.96

T7IB 133

BLACK
366
42.7
0.24
6.27
4,00
8,07
11.84
.59
.94
.29
.67
.24
.00

Lo NV B - B N O ]

0.83

! 143,61

93 .

Major element data (contd.)

JB 074 JB 075
BLACK BLACK
234 .43
55.5 55.7
0.57 0.42
20.00 20.00
0.03 0.07
2.98 2,67
0.72 2.28
1.16 0.85
3.22 3.51
0.08 0.11
7.11 7.37
6.86 « 6.42
0.27 0.24

1 1
5.61° 6.68
130.22, "125.36
JB 134 [ JB 135
GREEN BLACK
366.5 359
64.6 34,2
0.36 0.48
10.60 18_60
0.17 0.23
5.05 15.70
0.50 _0.10

. 0.85 0.18
1.06 1.28
0.31 0.04
3.86 9,21
12,89 20.76
0.00 ; 0.00
A A
1.98 1.25
129,56 140.80

484

JB 076
BLACK
-50
54.1
0.52
.90
.05
.38
.20
.92
.42
.09
.24
W48
.23

%]
L]

OO LrOONG

I
8.28
133.57

JB 136
BLACK
362
15.4
0.48
18.30
0.28
15.75
0.16
0.21
1.10
0.02
9.09
8.94
0.00

1,22

147.56 -

JB 077
BLACK
-60
56.4
0.64
.80
.04
.36
.30
.93
A7
.11
.19
-39
.21

%]
P

OO oOOND

I
7.98
138.12

JB 137
BLACK
368.5
T 60.6

.70
L34
.34
.73
.97
.17
.56
.35
.00

|l R
QWOOHOWOHDO

159.34

.32

JB 078
BLACK
-68
46..6
.76
.30

.19
.14
.76
.80
.07
.95
LAk
.32

[¥)
SV OROONMNOOO

150:20

JB 138
BLACK
169
71.6
.24
.63
.70
.31
.38
.12
.93
.43
.59
.68
.00

OCWAROOHWEORD

150.44




Major elememt data (coptd.}

*

Number JB 139. JB 140 JB 1

41

Colour BLACK GN(DOL}) BLACK

Strat. 25 T4 1
5102 53.9 63.0 57
Ti0o2 - 0.60 0.40 0

Al1203 18.40 13,00 17
" Mn0 0.04 0.05 0
MgO 4,29 4.70 5
Cal 3.54 2.50 0
Na20 0.79 1.20- o
K20 4.61 2.87 4
P205 0.11 0.15 0
LO1 6.55 6.47 6
FeTot 3.91 5.76 5
Corg 0.00 0.00 0
Group A A
M1 4.53 2.69 3.
M2 176.08 18l.44 2021

49
N

.56
.20
.01
.28
.84
.62
.54
.11
.13
.55
.00

&
68

01

‘Number JB 145 JB 146 JB.147

Colour GREEN RED GREEN ,
Strat, 342 347 184.5
5102 61.3 64.3 65.5
Ti02 0.56 0.48 0.56
Al203 12.50 12.00 12.30
MnO 0.1% 0.19 0.08
MgO 5.66 4,87 6,26
Cal 0.38 0.70 0.22
Na20 1.13 0.93 1.01
K20 2.12 3.24 2.92
P205 . 0.19 0.13 ~ 0.1l4
LOI & 45 4,57 4.65
FeTot 10.98 7.70 6.37
Corg 0.00 0.00 0.00
Group A B B
M1 2.15 2.63 2.09

M2 140,48 138.14 143,

485

39.

JB 142 JB 143
BLAGCK GREEN
349 - 1531.5
55.4 58.3
0.36 0.44
9.95 11.80
0.04 1.40
6.79 4,62
7.62 1.42
1.08 0.74
2.03 2.29
0.13 . 013
12.09 6.16
3.44 13.37
0.00 0.00
L
A B
1.52 2.63
143.14  139.94
JB 148 JB 149
BLACK BLACK
388.5 230
78.6 748
0.24 0.32
7.05 5,36
0.06 0.01
4,54 5.52
0.32 3.50
0.69 0.68
0.86 0.79
0.07 0.09
3.12 6,57
4.66 1.65
0,00 0.00
A A
1.51 0,99
12128 ~ 12414

JB 144
BLACK
340.5

58.5

=
MO

-
WSO~ 00~NO

136.

JB
GR

6

0.

14

QO NO L0

174,

4R
.00
.18
.51
.14
.BO
24
.12
.99
.90
.00

.59
40

150
FEN
260
1.5
60
AG
.02
.86
R
.27
.50
.15
.00
.57
.00

B
.65
30




Number
Colour
Strat.
§102
Ti102
Al203
HMno
MpO
Cal
Na20
K20
P205
101
FeTot
Corg

Group
~ Ml
M2

Number
Colour
Strat.
5102
Ti02
A1203
Mn0
Mg0
Cal
Ra20
K20
P205
101
FeTot
Corg

Group
Ml
M2

Hajor element data (contd.)

JB 151 JB

BLACK

280.5
51.6 6

—
oo

-
O WO W e

.52 0.
.10 12.
.04
.32
18
.14
.24
19 -
.92 .
.48
.00

OFPFFO WO O WMo

A

.37 2.
.31 130,

JB 157 J8a

GREEN

334.5

76.9
0.28 0.
6.98
0.06
4.68
0.18
0.
1
0
3
5
0

A1
.04
.69
25
.0a

59

B

[ ]
OWWOoOwWwoiwod

152

GREEN

293
8.1
48
90
.04
.40
.28
.93
.34
.16
43
.34
.00

B

57
28

161

BLACK

-11

49.1

56
.00
.04
03
.94
.88
27
.09
.85
.9
.00

1
.95

JB

153

BLACK

5

—
o000

=
L OSSO NDO VD

JB

297
6.3
.40
.00
.52
.95
.20
.68
.09
.18
.62
1
.00

A

.26
.85

162

BLACK

6

0.

—
ot |

O PO D WD

7
3.3

.50
.03
.72
.58
.37
.97
.15
73
.17
.00

A
.02
.29

56°

JB 154

?

RED
360
3.5

0.28

O WO NODWD~

.58
.33
.37
YA
.4l
.29
.05
.64
.88
.00

B
.61
11

JB 163
GREEN

—
QMO

—
O W OO W~

5

322
6.0
.40
.10
14
.04
.38
.26
.11

.13

.04
.14
.00

B
Ny
.50

JB

7

SCUVUVVODNODHWOGLO

155
RED
368
0.6
.36
42
.74
.55
.38
.46
.58
.08
.14
29
.00

B
.74

JB 156

BLACK .

334
73.5

CLMUVO OO FOBO

.32
11
.06,
.76
.80
.86
.29
45,
.22
.09
.00

A

.67
.87

' —
OO W W R DOWD




Number
Colour
Strat.
Fh

U

Th

Rb

Sr

Y

Zr

Nb

Ga

Zn

Cus

Ni

l.a

Ba

v

Ce

s Cr

Number
Colour
Strat.
Fb

9]

Th

Rb

Sr

Y

Zr

Nb

Ga

Zn

Cu

Ni

La

Ba

v

Ce

Cr

JB 001
RED
378

41
10
16
17¢
47
22
g3
13

14-

206
17

51
577
56
65
95

J8 008
BLACK,
360. 5
©29

11-

4%
62
20
79
540
16
16
338

11c
40
313
54

" 60

TRACE ELEMENT ANALYSES

{all values in-ppm)

JB 002 JB 003 JB 004

GREEN RED GRRY
379.5 '350.5 352
13 24 21
-7 2« 0
24 21 11
146 175 28
45 262 482

19 26 13

85 106 29

12 . 12 [

12 12 6

60 52 21

0 0 2

35 20 14

55 34 7
404 642 110
68 81 31

51 61 5%

59 73 29

JR 009 I8 010 JB 011
GREEN SLTST GREEN

419 427 397
25 9 16
4 a A
25 15 19
116 88 91
55 88 42
21 27 18
107 150 98
18 18 13
13 13 12
71 81 61
19 26 6
31 124 27
54 54 51
371 406 460
129 147 86
61 76 65
78 174 66
487 ]

JB jo0s
BLACK
R
29
15

13

124

- 23

17

125

14

18

76

24

319

62

580
158

87

117

JB 012

GREEN .

196
11

0

0

22
S0 .
15
70,

7

3

60

11
J6
12
1558
©90
4 59
42

JB 007
GREEN

160

66

&

17 .
90

104

30

84

13

11

4%

60

‘ ih
i 34
2187

( 6N
68

(N

JB 013
GREEN
671.5

Y10
128
58
26
7h
13
14
60

34
67
105
87
91
B3




Numbher
Colour
Scrac.

Pb

u

Th
Eb
St

Y

2r.

Nb
Ga
Zn
Cu
Ni
La
Ba

v
Ce
Cr

Number
Colour
Scrat.
Pb

U

Th

Rb
5r

Y
Zr
Nb
Ca
Zn
Cu
Ni
La
Ra

v
Ce
Cr

‘JB 014
BLACK
358

42

21

‘29
127
118

17

114

16
15
121
30
o
54
446
Y
52
100

JB 020
GREEN
268
20

4

33
127
30

10
106
15

15

5%

9

28
48
380
61
34
71

JB 015
CN{DOL)
3159

14

9

18

102
153

25

107

12

11

44

34

11

45

350
116

72

66

JB 021
GREEN

272
21

7
20
117
48
21
67
12
12
62

0
59
61
516
52
142
B2

-

JB 016
CGREEN
as.

11

1

17

68
209
19
119
10

11

37

11

16

36
356
103
77,

60

JB 022
GREEN
275
‘7
0.
13
40
19
32
81
15
13
76

14

38
64
156
178
" 96
76

488

Trace clement data {contd.)

JB 017
BLACK
105

2

1
13.

49
220
17
118

9

5

24

15
.17
25
261
149
77

39

JB 023
BLACK
-5

12

i

19
120
101
23
90

16

18

4%
-9
3

74
507
B9

" 119
96

JB C18
BLACK
160.5

19
3
1%
75
23
20
43
9

8
35
o7
15
38
408
213
34
73

JB 024
GREEN
111

7

9

10

56
179
25
125
10

8

23

10

15

" 30
292
7
67
60

JB 019
GREEN
2351.5

15

22
1l
58
13
137
13
14
34
21
17
.39
598
91
69
76

JB 025
GREEN
289
309

11
29
58
40
43

10
29
52
30
30
258
139
57
52




K

Number
Colour
Strat.
Pb

D

Th

Rb

Sr

Y

2r

Nb

Ga

Zn

Cu

N1

La

Ba

v

Ce

Cr

Number
Colour
Strat.
Pb

u

Th

Rb

Sr

&

Zr

Nb

Ga

Zn

Cu

Ni

La

Ba

v

Ce

Cr

JB 026
GN{DOL)
285

1

0

10

47

132

19

79

10

6

42

5

15

42

232

47

60

50

JB 032
GREEN
355

13

2

19

117
114

31

134

15

10

43

0

25

v 45
425

56

85

64

Trace element data {(contd.)

JB 027
BLACK
12

24
124
121

20
120

15

17

63

29

42

55
510
165

42
110

JB 033

GREEN
362.5
. 14
7

19
132
49

24

97

12

17

64

0

38

59
592
&4

- 48
65

JB O
BLA

1

28
CK
20

14
19
56

23 .

92
1e

22

4

1
1

91

B
76
91
86
01
01

JB 034
BLACK

2

*P
2

1

26
5
1

13

62

66

18

60.

8

8
33

8
14
22
90
60
45
50

JB 029
BLACK
2375

4l
13
19
104
6u
20
125
12
14
116
52
55
47
213
293
42
84

JB 035
GN(DOL)
224

5

0

21

41,

212
23
87

9
5
26
%
6
20

186
37
55
37

489

JB 030
BLACK
364
20

20

16
61

73
12
12
47
18
21
il
L. 225
165
l6
92

JB 036
RED
310

0

2 0

5
180
129
23
187
16
17
57
3
36
46
4358
76
75
87

JB 031
GREEN
165

4
10
37

157
19
68
11

31
18
18
24
3154
59
92
49

JB 037
RED
119

20
12
33
195
99
29
148
17
24
65

37
&7
1IR3
71
72
86




Trace element data (contd.) -
' 3
Number JB 038 JB 039 JB 040 JB 041 JB 042 JB 043
Colour BLACK CREEN RED CREEN GREEN GREY
Strat. 326 25 lis 44,5 375 123
" Pb 24 0 17 3 10 8
U 3 0 9 .9 o 5
~ T Th | 16 3 21 11 6 14
Rb 96 106 141 T 45 117 70
Sr . 75 50 104 119 121 193
‘ Y 16 21 27 18 22 20
' ) , 2r 61 B8 94 74 .81 136
. Nb 9 14 12 6 8 11
' Ca 17 19 14 8 10 20
Zn 48 62 59 53 30 41
Cu 59 22 4 6 7 25
Ni 20 13 29 18 19 25
La 41 56 48 29 4 42
Ba 155 309 £03 159 523 399
v 110 77 68 66 34 114
Ca 53 74 68 43 70 57
Cr 80 87 66 59 47 75

Number _ JB 044 JB 045 JB 049 JB 050 JB 051 JB 052

Colour GN(DOL) GREY  BLACK BLACK BLACK GREY . .
Strat. 140 220 - .17 -8 56.5  175.5
Pb 1 8 22 2 20 7
U 0 4 0 3 19 2
Th 3 13 * 31 20 25" 9
Rb 42 38 148 | 171 116 71
Sr 177 21 111 51 43 .99
Y 22 g8 - 29 27 26 16
Zr 115 33 131 132 98 143
Nb 9 7 15 19 - 13 11
Ga 8 9 27 27 . 2L 17 .
Zn 109 48 86 . 91 65 57 . ’
Cu 29 60 24 26 . 28 .3 -
Ni 12 15 47 L A3 47 31 ’ -
La 33 32 . 88 C90 T 49 42
Ba 292 160 625 Y 762, . 598 335
v 56 148 123 114 152 142
. Ce 64 53 116 119 19 72
Tl T T 42 66 143 ~. 135 122 88

490




Number
Colour
Strat,

Bb

L1
Th
Rb

Sr
Y
2r
Nb
Ca
Zn
Cu
Ni
" La
Ba
v
Ce

Number
Colour
Strat,
Pb

U

Th

Rb

Sr

Y

Zr

Nb

Ga

n

Cu

Ni

Lla

Ba

v

Ce

Cr

JB 053
BLACK
0.5
11

6

14
106
63

23
123
14

19

48

37

41

62

JB 067
GREEN
413
28

4

24
130
B3

34
108
18

18
107
47
132
57
361
168
69
155

Trace element data {contd.)

JB 054
BlACK
10

13

15

20
111
37

25
127
13

19

57

35

43

58
456
125
72
115

JB 068
GN{SLTST)
4ié

10

15

i8

42

383

24

56

9

4

41

16

41

30
1446
Li

45

4%

JB 069
RED
422

9
2
10
91
50
10
58
9
13
51
40
21
34
302
52
49
53

JB Qb4
GREEN
328
18

11

20

39

17

9

22

6

5

22
164
15

23
238
43

46

32

JB 070
GREEN
60.5
a

7

16
101
27

23
124
15

17

55

43

30

54

91

JB 071
BLACK
60.5
12

12

18
64
229
21
119
12

17

53

21
31

41
131
79

37

12




Trace element data {contd.)

Number JB 073 JB 074 JBO?5. JB 076 JB 077 JB 078

Golour BLACK BLACK BLACK BLACK BLACK BLACK

Strat, -29 -34 <43 =50 -60 -68

"Pb 19 20 © 14 11 15 27

u 5 19 6 4 9 4

4 Th 32 25 21 17 23 20

Rb 84 136 154 182 178 249

Sr 55 96 120 109 104 99

Y 37 24 27 36 26 22

Zr 177 148 109 97 124 215

Nb 16 16 16 18 17 24

Ga 19 23 21 27 26 41

Zn 90 99 78 85 87 65

Gu 16 20 25 32 29 17

Ni 50 50 42 48 46 34

. . La n 78 80 101 30 . 108

- Ba 495 628 647 " 916 908 1260

"y a7 104 115 108 112 159

Ce 94 108 129 135 117 154

cr 107 125 115 122 124 173

-t

Number JB 133 JB 134 JB 135 JB 136 JB 137 JB 138

Colour  BLACK GREEN BLACK BLACK BLACK BLACK

Scrat, 366 ° 366.5 359 362 368.5 369

Pb 51 10 35 16 24 314

U 0 0 2 0 2 6

- " Th 10 10 30 30 . 6 16
Rb 36 45 50 41 68 34

Sr 472 54 21 17 198 81

T Y 39 34 73 61 24 34

. - 2Zr 145 87 600 476 68 56

Nb 8 10 16 15 8 7

Ga B 12 17 15 12 13

Zn 40 " 58 390 288 41 34

Cu 19 9 0 0 350 41

N1 14 23 132 100 24 28

La 25 41 19 11 é .0

Ba 828 217 364 213 236 158

v 15 126 63 64 1210 131

Ce 51 90 0 23 71 61

Cr 15 53 66 209 68 20
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e

Trace element data {(contd.)

>

Number JB 139  JB 140 JB 143 JB 144

Colour BLACK GN{DOL) , GREEN BLACK

Strat, 25 74 353.5 340,;5 -
Pb, 37 9 - 30 35 -
U 0 .0 3 3
Th 24 14 9 23
Rb 144 87 : . 90 50
Sr 84 67 ' 38
Y 16 22 29 29
Zr 135 180 . 52 88
Nb 14 12 . 12 - 10
Ga 24 15 . - l4 13 -
In 62 55 . 69 83
Cu 30 5 . - 1 I
Ni 44 . 28 - 30
La 48 41 ; 39 15
Ba 561 257 - 210
A 190 73 : 221
Ce 110 63 : . 45
Gr B3 - & ) ., 49

Number JB 145
Colour CREEN
Strat, 342
Pb 21

U 0

Th - 24

Rb 83

Sr 50

Y 3

104

Nb 13

Ga 13

Zn 68

Cu 37

Ni 23

La 43

260

228

63

48




Trace element data (contd.)

v Nuwber JB 151 JB 152 JB 153 JB 15 JB 155 JB 156

Colour BLACK GREEN BLACK RED RED BLACK
Strat, 280.5 293 297 360 368 334
Pb T 24 25 35 24 34 61

v 4] 0 - 1 0 0 0

Th 16 16 3 2 19 18

Rb 117 141 84 104 112 53

St 195 56 103 57 111 73

Y 21 20 20 18 24 29

-2¢ ¥ 135 99 88 83 101 82
Nb 13 12 8 7 9 9

Ga 20 14 14 11 8 11

Zn 36 67 £6 40 46 44

Cu - 36 65 38 20 16 17

Ni 38 43 24 23 30 25

La 6 35 21 21 10 20

Ba T 360 294 204 3155 8246 250

v 185 136 164 59 47 208

Ce 70 - 85 73 35 110 57

Cr 61 50 L4 16 19 45

Number JB 157 JB 161 JB 162 JIB 163 JB 164 JIB 165
Colour CREEN BLACK BLACK GREEN GREEN BLACK .

strat. 334.5 11 7 322 32 42

Pb 15 36 30 53 "5 22
U . 0 .0 3 1 3 1
Th =+ .0 23 16 15 19 14
Rb 32 155 114 110 ‘58 105
Sy 39 159 38 223 129 91
v 13-, 27 19 22 24 11
Zr 64 ° 126 95 117 151 © 61
Nb 7 16 12 10 14 7
Ga 9 32 23 .13 0 20
Zn 36 81 . 72 45 - 44 ‘%1
Cu 13 19 14 24 10 11
Ni 7 .41 a8 25 3l 34
La 8 70 62 21 13 18
Ba 163 715 S46 - 640 430 354
v 72 100 %7 90 76 90
Ce 29 102 120 89 .52 © 62

_ Cr 15 90 83 38 61" 43

594




\ APPENDIX E

ANALYTICAL TECHNIQUES

E.1 Major element analyses 1

With the exception of CO2 and P205, all major element oxides
were determined by atomic ab;orptlon spectrometry. S&inples were
prepared using the methods‘ of lLangmhyr and Paus (1968}, and c-mulysvd
on a Perkin-Elmer Model 370 Atomic Absorption Spectrometer ull;hl
digital readout.

Loss on lgnition (L.0.I.) was de?erm[ned by heating an
dccurately weighed amount of sample to 1050 degrees C for at least
two hours, cooling in a dessecator, and reweighing,

P205 was analysed with a Bausch and Loumbe Spectronic 20
Colourimeter, using a mel:lh,od based upon that of Shapire and Brannock
{1962) .

Deternination of ferric/ferrous Fe ratio in selected samples was
by the tl_tration technigque of Wilson (1955)‘ as published in Maxve]l

-

(19655. C -

The precision of - major element analyses is indicated in Table k-

_ N

E.2 Trace element analyses

_The_concentratic;;x of trace "elements was determined using a
Philips 1450 ;\utomatit:: ¥-Ray Fluorescence Spectrometer- with'a |
rliodium tub.e. E_'ellef;: were prodaced from powdergdj shale samples
.using 10 gm of':s,amplte ';md 1l to i,S gm of Bind]:ng materlial EBakelite :

Thermoset Résin Tl.l-169l33).. Samples' were \:om‘pressed a't': 30 ctons pai *

-

for ‘one mlnute, and baked at 200 degrees C‘enc.i-grade for 20 minutes.

-




Table E-1: Precision and Accuracy of Majlor Element Analyses

We. & Publighed Mean Standard Numbier of
Value Deviation Determlnatcions
$102 . 54,38 55.38 0.37 4
Ti02 -~ 2.24 2.35 0.18 4
Al203- 13.56 o 13,50 0.27 5
Fe203 13.40 T-13:00 0.28 5
Ca0 6_94 6.63 S0.07 4
MgO . 1 3,46 3.57 0.06 5
Ra20 3.26 L 3.23 0.05 5
K20 1.67 1,731 0.05 4
Mno 0.19 0.18 0.01 5

dased upon determinations of Standard BCR1; published value from
Abbey (1968).

Table E-2; Precision of Trace Element Analyses
(from Longerich and Veinote, 1986)

,

Standard deviation (in ppm) at given'concentracions in samples '

e PPM sample ............... v

‘Element O 50 100 200 300 400 500 1000 2060

v 2 2. 2 3 3 [

Cr 2 2 2 3 [ 4

Ni -1 1 1 1 2

Cu 1 2 3 5

Zn 3l 3 3 4 4 5

Ga 1l 3 5

Rb 1 2 k] 4 5 7

Sr 2 .2 3 ! 4 5 6 11

Y 2 A 3 4

Zr 1 2 "3 4 6 8 10

Nb ., 1 1. 2 :
Ba 12 12 13 14 15. 156 17 21 31
La 3 5 7

Ce 19 19 19 9 18 18

Pb 4 °5 & g8 .10 12 14

Th 3 4 )

L T - 7

9 11 13 14
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Data reduction was done with a Hewlett-Packard 98458 mini-computer.
Precision of trace element determination using this system 1a

indicated in Table E-2,

E.3 Microanalysis .

E.}.1 Scanning electron microscope with eﬁgrgz dispersive x-ray

analyser (SEM/EDAX)

Polished thin sections and mounted_samples were examined uslng a
Hitachi $570 Scanning Electron Microscope equipped with a CW
Electronica Backscattered Electyon Detector Type 113, Elemental
composition was determined by spot analyses of areas of interest
‘with a Tracor Northern TN-5500 X-ray Analyser - Microtrace $ilfcon
X-ray SpeLEromgter Model 70152. ' _ !

Characteriscic spectral ;ignatdres thus obtained were uscful In
_pineral"identific§fion, and compositlonal zoning was commonly - ¢

apparent in backscatter mode. Spectra of selected samples were then

. further analysed using Tracor Northern's "SSQ" (Standardless Semi-

’ “
Quantirative) program} which applied ZAF corrections co yleld
~

element or oxlde concentrations. These.énalyses provided a
“dualitative assessment of composition, which was confirmed in

selected samples, uslng the electron microprobe. ’;G




E.3.2 Electron mieroprobe

Analyses were performed on a JEOL .JXASOA electron probe
microanglyser with KRISEL automation. ALPHA matrix corrections were
appli#d in data acquisition, Operating conditions were: Seam current
of 0.022 mic;oA, accelerating volcage of 15 kV, beam diamgter of 1-2
micrometera. Counting proceeded for 10 seconds, or until a count of.
30,000 was obtainad, whichever came first. All elements vere
standardized on a clinopyroxene "in-house” standard; Ca and Mg were
then checked on a dolomite standard and Fe and Mn were checked on a
hedénbergita standard, )

., Polished thin sections of selected carbonates were analysed for
Ca, Mg, Fe and Mn. Selactad‘authigenic feldspars were analysed, for
Na, Al, $i, X, and Ca. ‘

The precision of microprobe analyses is indicated in Table E-3.

—

Table E-3: Precisich of microprobe analyses

Core of unzened dolomite grain within Sample PA2; four'analyses \

Oxide mean wt. & Srandard Deviation
Mg 17.04 0.57 '
Cal 31.15% .28
Mno 0.82 0.04
FeO 3,55 0.19
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E.4 Ofganic carbon determination

Total organic carbon was deta:minad. in selected samples, by
infrared absorptiometry using a modification of the method of
Bouvier and Abbey (1980). The contribution of carb;nate carbon and
organic carbon was separated by analysing palrs of samples. The

.first was untreated, and y;:lded a value for tptal carbon {{i.e.
carbonate plus organic). Before analysis the second sample was
acldified over a hotplate with 20% HCl to remove carbonate carboh

and hence yield only the organic carbon contribution. The precision

of this method was not good, but was considered adequate for the

qualitative use of the data. PrecisioS\tS~Lndicatcd In Table E-4,

(

Table E-4: Precision of organic carbon determination

]

Sample No, Number of Mean wt. % Standard
Analyses Deviation

11
.31
.52
.12
.73
L7t
.65
.12
.24
.92

i3
.15
.08
.15
.17
.09
.09
.13
.08
.07

JB 06
JB l4
JB 25
JB 27
JB 29
JB 46 -
JB 51
JB 55
JB 56
JB 60

(S TV R VY R VY U WO W R W R I W
OO OQON MO
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E.5 Clay mineralogy

Thirty representative shale samples were qualititatively

\

apalysed by x-ra? diffraction to determine the dominant clay

minerals present; resulte are presented and discussed in Chapter 7.

Sample preparation .

Clean shale chips were ultrasonically disaggregated in a calgon

solution, A clay fraction of less th& 2 micrometers in size was

" recovered from the resulting suspension by sedimentation and
centrifuging, usingva MgCl2 flocculating agent. Three oriented clay
mounts were produced for each sample, by suction onto Gelman

Metricell 0.45 micrometer filters, yhich were then glued to glass

slides. The first mount was lefr untreated. The second mount was
exposed to ethylene glycol vapour for a 12 to 16 hour period, to
_indicate the presence of expandable clays. The third mount was
acidif}gd using 9 ¥ HC1, {n order to eliminate chlorite and allow
the distinction of chlorite and kaolinite in peaks at approximately
12,5 and 25 degrees 2-theta.

X-ray diffraccion

Samples were run on a Philips diffractometer, using Cu K-alpha
radlation, operattng at 40 KV and 20 mA. All mounts were scanped
from Z to-35 degrees 2-theta, at 1 degree 2-theta per minute and a

chart speed of 1 cm per pinute. . '

-~
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: .6 Cathodoluminescence
\//;<j

Selected carbonate samples were examined under
4
o
cathodoluminescence using a Nuclide Corporation ELM-2A Luminoscope

using amblent gas, a beam dlameter of appéoximﬂtely lem, beam

current of 0.6 mA, and an accelerating voltage of 16 kv,




APPENDTX G

CHANGING Eh UNDER PROGRESSIVE SHALLOW BURIAL CONDITIONS:

A REVIEW

‘I'heore_i:ical considerations and studigs of pore waters recovered
Erbm_ cores of recent pelaglc sedimeﬁts {(Claypool and Kaplan, 1974:
Froelich e-t al., 1979; Berner, 1980; summarized in Hesse, 1986) .
indlc;te that marine sediment un.dergoilng progressive burial passes
through a series of zones regresenting progressive reduction by
bactérially—driven oxi;:lation of contained erganic matter. Individual
?fi_ciants are progressively consumed during burial in the ongoing
m:idation of contained organic matter according to the free energy
whichlthey -an -proviﬂde (Froelich et al., 1979), and the reactions
Involved characterilze the zones of progressive sediment reduction
(fig G-1). Where dissolved oxygen 1s present in overlying se:awater
~these zones are:
1) the oxidation zone: Within this zone dissolved oxygen within the
overlying seawater, and diffused into sediment po;.'e water supports
macrofayna and serobic bacteris, which directly oxidize initially-
deposited organic matter. This zone may be millimeters to
cent"‘lmeters thick, dependlng upon the downward diffusion of oxygen,
which in curn clearly depends in part on dissolved oxygeﬁ'
concentrations at the seafloor. : . .
2} the nitrate reduction zone: This zone represents the pnse-E ofa
"suboxic diagéhesis™, vhere th_e‘ level of dissolved oxygen has
'droplped below .5 ml/l H20, 'a;nd d'ysaerosic bacteria participate in
the radt-xctlo;l of nitrate. Eh decreases through.this zone to zero at

its- base, and a significant result of this decrease is the reduction
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Figure G-1

Stages of organic matter oxidation In anoxic sediments {redrawn from
Hesse, 1986}.
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)

of manganese oxldes and hydroxides, and the consequent 1ntroductlon
of reduced Hn into solution. Under lower Eh conditions, toward the
base of the nitrate reduct.ion zone and Into the underlylng zone,
ferric Liron oxides and hydroxides ate reduced and ferrous Fe is
introduced into soluI;ion. This difference 1s a function of the
contr.asting solubility of Hnrand Fe under given Eh conditions (fip
G-2). .

3) the sulphate reductlon zone: Upon the consumption of nitrate, the

diagenetlc system becomes anoxic,- and continued oxidation of

remaining organic matter proceeds by the bacterial reduction of

sulphate. The resultant appearance of reduced sulphur is responsihle
R = . \ .
for the appearance of H2S In this zone, and in the presence of the

fexrous Fe mentioned sbove, will result in the earlly formarien ot
iron sulphides within this zone. Under conditions of well-oxygenatcd
bottom water, upward diffusing reduced sulphur ‘may be :e-oxidized In
a bacterially-mediated reaction (Tissot and Welte, 1978; Berner,
1980),

4} the carbona'te reduction and fermentation zone: Upcn the
consumption of su_lph.-ate, _the bacterial oxidation of organic matter
proceeds by bacterial fermentatlon and the reduction of carhbonate
and results In the production of methane.

Underl' conditions of increasing burial (and consequelnt 1ncn;asin;',
temperature) bacterial acrivity ceases and oxidation of organic
carbon proceeds b;’ thermocatalytic rleactions.

Under anoxic bottom water conditions clearly the bxida;ion zofie

and nitrate reduction zone will be absent, and sulphate reduction

will occur at the sediment-water interface (fig G-2). The style of
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»

early diagenesis, and development of the zones outlined abové, will
depend upon ? varisty of oceanographic factors which include 1} the
level of dissclved oxygen in bottom waters, 1f) the concentration of
organic carben which 1s initially deposited-and 111) che local
sedimentation rate, (which determines how quickly sediment is
burled, and hence remov-ed from the oxidatior zone). Any of these
factors may change rapidly. The spectrum of resultant early
diagenetic conditions may range from end-menbers vhere, In the first
case, bottom water contalns abund{ant dissolved oxygen, organic
carbon input is relatively low and sedimentation rate {s relatively
low, resulting in a broad zone of oxygen diffusion Into the

. . ‘ . _
underlying sediment and the relatively rapid consumptioﬁ of organic
carben. At the other end of the spectrum, bottom water may be
anoxlc, erganic cerbeon input high and s‘edlmencation rate high\,
resulting in the early onset of gsulphate reduction and a potentlally

high preservation factor for organic carbon.

—

»

The progresaive Fe-enrichment within calclite and dolomite
cements of the Northern Head Group appears to be consistent with the
model of progressive reduction during shallow burial which 1is .

. outlined above., Fe and Mn present within the sediment as oxide and
hydroxide coatings 1s reduced during burial, and enters solution in
pore waters, thre it is available for Incorporation in .
progressively precipitating carbenate cements. The incorpor-atioﬁ of

Fa and Mn within these carbonates may vary with a number of factors,
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Flgure G-2
"

Schematic {llustration of depth trends in concentrations of dissolved
specles found In pelapic’ sedlments, The succession of processes is: 1)
02 reduction, 2) nitrate Lormation, 3) nictrate reduction, 4) MnO2 -
reduction, and 5) FeOOH reduction (redrawn from Berner, 1980) .
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but will certainly Hepend direcrtly -:1pon the .concentration (activity)

¥

of these 'species {n aqueous ‘solution {(pore water) {(Garrels and

Christ, 1965).
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APPENDIX F Geologic map
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" APPENDIX F Geologic map
Bay of-Islands,'South Sheet
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