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RESUME

Basée sur une analyse‘lithostratiéigphique et de nouvelles
découvertes paleontologiques, une nouvelie fondatioh stratigraphique
et sédimentologique s'est presentée pour 1les roches>sédimentaires peu
profondes du Cambrien moyen et supérieur et de 1'Ordovicien inférieur
dans 1'ouest de Terre Neuve. L'étude de cing section 4 travers cette
séquence, autaur d'une distance de 285 kilometres, montre que plus de \t\‘~”“"ddwi
la puissance de 900 metres est du Cambrien et moins de 1'0Ordovicien
qu'avant rapportée.

Les roches les plus vieilles considerées sont du Cambrien inférieur
tard et peuvent &tre reconnu 5 trois des cinq sections ou ils
s'appellent la formation Degras (3 la Péninsule Port-au-Port), la :
formation Penguin Cove (3 Goose Arm), et la formation Hawke Bay (3
Bonne ﬁéy). Ces lits épais de g;és quartzitique sont inte;prétés comme
un‘systéme des barres barrieéres ou plages.

Une épaisse série distinctive de strates du Cambrien moyen et
supérieur, comprenant de 1a-dolomie, du calcaire, et des shales,

recouvre les greés précédents et cette série est reconnu de Port—au-

. om0

>

Port au sud a Hawkes Bay au nord. La succession se nomme lés formations
March Point (revisée) et sur-jacente Petit Jardin (revisée) a Port-
au-Port, les fo;mations Wolf Brook (proposée) et sur-jacente Blue

Cliff (proposée) A Goose Arm, les formations South Head (proposée) et

- sur-jacente East Arm (revisée) i Bonne Bay, et la partie supérieure de

la formation Hawke Bay h Hawkes Bay.

Les roches du Cambrien moyen et supérieur consistent en lithofacies
"forte-énergie', caractéristiquement cyclique, et com rennent deux
24 s

mégaséquences qui repetent, en succession verticale, au moins trois
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fois: (1) des séquences en lits minces, formées du calcaire et shale
en lits minces "flaser" intercalant avec des” I'its occasionnels de

conglomérat intraformationnel, de stromatolithes, et d'oolithe,

interprétées comme "'tidal flats" ouverts carbonatés-siliciclastiques

¥4

melés et (2) des‘*séquences en lits épails; formées de conglomérat
inérafomationnel, ici et 1 _oncolithique, d'oolithe en.trec‘roisé, et
de 1la dololutite. laminée ayec des fer{tes de dessication, interprétées
comme dunes carbonatés marines ou tles barriéres.

La sur-jacente formation St. George (revisée) de 1'Ordovicien

AN
inférieur est reconnu i la longuehlr de l'ouest de Terre Neuve et cette
formation est divisible en trois membres: le membre cyclique inférieur,
de la dolomie et\du calcaire, le membre calcaire moyen, du calcaire
superposé avec une dollomitisation 'diagénetique, et le membre cyclique
supérieur, de la dolomie et du calcaire. La puissance de la St. George
est presque 550 metres, réduit considerablement des estimés antérieurs.

Une discordance qui se termine vers le nord existe entre la
St. George et la sur—jacente formation Table Head de 1'Ordovicien
moyen.

Les roches de 1'Ordovicien consistent en lithofaciés ''faible-
énergie" qui caractérisent des milieux de dépdt subtidal et supratidal.
d ' Moins des caractéres diagnostic intertidal sont évidents. Ces roéhes
comprennent deﬁx mégarythmes: (1) des carbonates cycliques qui. passent
vers le haut de calcaire fossilifére subtidal avec des bioturbations

i

3 la dolomie microcristalline laminée qui presente sporadiquement des

fentes de dessication, interprétds comme séquences régressives sur un
"tidal flat" abrité et (2) du calcaire fossilifére subtidal avec des

bioturbations qui represente la deposition dans un lagon abrité.
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Ces roches témoignent une transgression marine majeure if peuvent

'

.
indiquer un‘zhangement dans la morphologie de la marge continentale

peu profonde, d'une rampe ou une platforme ouverte au Cambrien a une
plateforme carbonaté continentale avec un ediface externe a 1'Ordovicien.

. /
Autant que cing transgressions/regre551ons mineures sont superposees

~

sur la transgression majeure.
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. ABQXRACT

Detailed lithostratigraphic analysié-ana new fossil data have
resulteq in a reyised And refinez sgratigréphic and sedimentologic
framework for the autochthonous, Middle Cambrian to Lower Ordovician,
shallow water sedimentary sequence in western Newfoundland. Study of
five separate localities, spanning a distance of 285 km., indicates that
much more of this 900 mekre thick sequence is of Cambrian age and much less
of Ordovician 3ge than previously reporééd.

The oldest units studied are of late Lower Cambrién age ;nd can be
recognized in three of the five localities where~they\are named the

\
{éﬁ?egras Formation (at the Port-au-Port Peninsula), the. Penguin Cove
Formation (at Goose Arm), and the Hawke Bay Formatiqn‘(at Bonne Bay).
These Lhick—bedded, supermature, quar tzose sandstones are interpreted tO
‘have formedtas a system of pbarrier bars OT beaches.

An overlying succession of distinctive, Middle and Upper Cambrian,
limestones, dolostones, and shgies is recognized from Port-au-Pert 1nethe
south to Hawkes Bay in the mnorth. This succession is variously known as
the March Point (revised) and errlying Petit Jardin (revised) Formations
at Port-au—Port, the Wolf Brook (proposed) and overlying Blue cliff
(proposed) Foqmations at Goose Arm, the South Head (proposed) and
overlying East Arm (revised) Formations at Bonne Bay, and the upper
Hawke Bay Formation at Hawkes Bay.

Midd1€ and Upper Cambrian rocks are characterized by conspicuously
cycli?, "high—energy"‘lithofacies and comprise two large scale
sequences which repeat, in vertical succession, as many as three times:
(1) thin-bedded sequences composed of flaser bedded limestone and shale

i
intercalated with occasional beds of edgewise conglomerate, stromatolites,
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and oolite, interpreted as a mixed carbiifte—siliciclastic tidal flat

N and (2) thick-bedded sequences composed of intraformational ‘conglomerate,

N

in places oncolitic, cross-bedded aolite, and la;inated, mud cracked

i\\ég}cilutite, interpreted as carbonate sand shoals or barrier islands.

| ) The succeeding Lower Ordovician St. George Formation (revised) is o
recognized along the length of western Newfoundland and 1is divided into
‘phrée members: the lower cyclic member, of interbedded limestone and
dolostone, the middle limestone member, a thick limestone unit locally
overprinted by epigeﬁetic dolomitization, and the upper:cyclic member,

of interbedded limestone and dolostone. Thickness of the St. George is

about 550 metres, greatly reduced from previous estimates.

e el 0, i el wy

A disconformity that dies out to the north separates the St. George .
from the overlying basal limestone of the Middle Ordovician Table Head

Formation.

Lower Ordovician lithofacies are characterized by '"low energy"

- subtidal features, with few diagnostic intertidal features, and comprise
two megarhythms: (1) carbonate cycles grading from burrowed, fossiliférous,
. subtidal limestone to microcrystalline, laminated, occasionally mud cracked,

supratidal dolostone, interpreted as shoaling upward cycles on a
protected tidal flat and 2) burfbwed, fossiliferous, hackly weathering,
subtidal limestone, representing deposition in a protected lagoonal

environment. ’ N

‘These rocks record a major marine transgression and may reflect a

JPUET

change in the form of the shallow water continental margin from a ramp or
open shelf in the Cambrian to a mound-rimmed carbonate platform in the
Ordovician. Superimposed on this major transgression are as many as five

smaller transgressive/regressive events.
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CHAPTER I
INTRODUCTION
Problem

It has been acknowledged that a thick sequence of Cambrian and
Ordovician carbonate rocks of shallow water origin borders the western
margin of the Appalachian mountain belt (lLogan, 1863, p.294; Rodgers,
1965) and can be traced, under different formation names, from Newfoundland
to Alabama. Unequivocal evidence of shallow water origin is provided by:
ripple éérks, mud cracks, stromatolites, shallow marine {chnofossils,
and microcrystalline laminated dolostone.

Western Newfoundland offers both excellent coastal exposure and a
relatively complete, undisturbed section through this sequence. Despite
these advantages, little is known of the sedimentology of these rocks and
the stratigraphic framework established by Schuchert and Dunbar (1934)
has been little altered in spite of revént fossil]l discoveries (Kindle and
Whittington, 1965; Whittington and Kindle, 1969) which indicate that it is
in need of serious revision. Since 1934, the sequence has often received
anly enrsory attention in the course of much larger studies (for example,
Riley, 1962).

Only the Ordovician St. George Formation has been studied in detail
in recent years because of the discovery of Mississippi-Valley-type base
meta] deposits in these rocks at Daniel's Harbour, Newfoundland. These
studies, however, have been very local in nature, specifically on the

Port-au-Port Peninsula (Besaw, 1974), on the Port-au-Choix Peninsula '

(Kluyver, 1975), and at the Daniel's Harbour mine site (Collins and

Smith, 1975). -




Purpose

The purpose of this thesis is:

(1) to document the Middle Cambrian to Lower Ordovician sequence
of shallow water, dominantly carbonate, sedimentaéy rocks in five areas
in western Newfoundland, from Port-au-Port in the south to Port—au-Choix
in the north, a distance of 285 km.

(2) to revise the stratigraphic terminology in these areas on the
basis of detailed lithostratigraphié analysis and new paleontological data

(3) to correlate between measured sections and s; construct A more
natural and useful stratigraphic succession applicable to all rocks be-
longing to this sequence in western Newfoundland

(4) to interpret the salient sedimentologic features of the sequence
in terms of depositional sedimentary environments

(5) to propose a model of reginnal sedimentation to explain the
changing lithofacies patterms observed in‘gkese rocks

(h) to briefly compare the Newfoundland sequence to equivalent rocks

of the central and southern Appalachians.

lLocation of Study Areas

A tatal of three months wad spent examining pertinent Cambro-
Ordovician sections along the west conast of Newfoundland during the
summer of 1976. This thesis concentrates on the Middle Cambrian to
Middle Ordovician, dominantly carbonate, sedimentary sequence that over-
lies a thick, distinctive sandstone unit of lLower to possible early
Middle Cambrian age (previously assigned to the lower March Point and
Hawke Bay formations but here given individual formational status).

Five areas were studied in detail. The thickest and best cxposed




sections of Cambro-Ordovician strata are found at East Arm of Bonne Bay,
Goose Arm of the Bay of Islands, and along the southern shore of the
Port-au-Port Peninsula. Thinner sections at Table Point and Port-au-Choix
were élso studied (Fig. 1). N

In addition to the above, the north and south shores of Hawkes Bay
and sections at Hare Bay and Canada Bay were examined in reconnaissance

fashion for comparison.

Methods

Stratigraphic sections were measured at each of the main areas using
A range pole and a steel tape and comprehensive written description of the
rocks was made simultaneously. Fossils and rock specimens were collected,
labelled, and precise location of each in the measured section wn: re-
corded;  representative thin sections were subsequently made from the
rock samples. Sections in all areas were frequently cxamined at low
tide to obtain maximum exposure and accessibility and the use of s boat
was required for work hoth in East Arm and Goose Arm.

Both formal (format ions, mwembers) and informal (numbered units)
stratigraphic subdivisions were chosen on the basis of gross lithology
and texture and arc therefore, by definition (Hedberg, 1976), lithostrati-

graphic units. Other features, such as colour, grain size, beddi £,

cross-lamination, weathering characteristics, and minor constituents, are
also useful but of lesser importance.
;
Both written and graphic sections are found at the end of this thesis

(in Appendix and pocket, respectively),

Trilobite samples were collected from suspected Cambrian strata in

an attempt to establish and clarify precise ages of formations (or horizons
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of marked lithostratigraphic change) and for preliminary hiostﬁaetgraphic
correlation.

Limestone samples 3 to 5 kg. in weight were collected for conodont
analysis where few or only poorly preserved fossils were present. These
were crushed in the lab and placed in 15% Glacial Acetic Acid to dissolve
the more soluble carbonate. The remaining residue was then passed through
a 250 micron mesh sieve, washed, and placed in an oven to dry. The wried
residue was then separated in Tetrabromethane (sp. gr.= 2.92); the heavy
fraction was washed with alcohol/acetone and inspected for conodonts,
using a hinocular petrographic microscope. All samples of suspected

Cambrian age were unproductive while others yielded varlable results.

o B e BB S

The limestane classification schemes of Dunham (1962) and Folk (1962)

are used throughout this thesis, together where possible for more complete

4 .
description. The classification af Dunham is considered to be of more - j’
use in the field, particularly since relative amounts of cement and lime
mud rannot normally be estimated with the naked eye and very fine grains,
such as fine peloids for example, are virtually }nvisible except in thin
section.

The terminology of Fricdman and Sanders (1967, p.303) is used for
describing dolostone crystal textures and fabrics. The shapes of individual
crystals may thus be euhedral, subhedral, or anhedtal, exactly as these
terms are def ined tor igneous rncks.(/The terms idiotopic, hypidiotopic,
and xenntopic refer tn dalestones in which the majority of crystals present
are euhedral, subhedral, or anhedral, respectively. Crystals may be
either equicrystalline (more or less of the same size) or inequicrystalline

(size of rrystalts varies).

An arbitrary scale for dolomite crystal size is used throughout this
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thesis: \/
1\
microcrystalline ...~ less than 0.063 wm.

- very fine-crystalline 0.063 - 0.125 mm.
fine-crystalline ’ 0.125 - 0,250 mm.
medium~-crystalline 0.250 - 0,500 mm.
coarse-crystalline greater than 0.500 mm.

The dolostone classification scheme of Friedman and Sanders (1967)
is applied, with glight modification, to the Cambro-Ordovician carbonates
of western Newfoundland. The "detrital” category of Friedman and Sanders
(1967) is dropped and four main dolostone types are recognized:

(1) Syngenetic - microcrystalline, equigranular, idiotopic, planar
laminated or mottled. Crystal size is critical in distinction
of this dolostone type.

(2 Diagenetlc - fabric specific - selectively replaces body fossils
and/or ichmofossils (also referred to as trace foss1ls or
lebensspuren).

(3> “Diagenetic - pervasive - complete dolomitization of limestone
but original depositional texture is preserved.

Both (2) and (3) above var‘) greatly in size, from microcrystalline
to medium~crystalline, in rtexture, from hypidijotepic to xenotopic, and in
degree of preservation of depositional textures, from poor to -excellent.
Generally, however, this dolostone is xenotopic, inequigranular, and fine-
to medium-crystalline.

(4) Epigenetic - pervasive but related to tectonics — very fine- to
S~ coarse—crystalline or sucrosic, inequigranular, xenotopic to

hypidiotopic, dark grey to tan, VUggy. Depositional texture is

obliterated or only poorly preserved. This category also includes




e .

the pseudobreccia of Collins and Smith (1975).

Much evidence exists to suggest that syngenetic type dolostones
form penecontemporaneously in the environment of deposition as micrite or
as fine-grained Cr)}stals. Dolomite of similar texture forms in many
modern environments on the surface of intertidal/supratidal flats (Friedman
and Sanders, 1Y67; Bathurst, 1972; Hardie, 1977). This dolostone,
especially when laminated is, therefore, a useful sedimentologic feature
in itself and as such is a reliable indicator of a supratidal depositional
environment.

Diagenetic dolostones, on the other hand, form by replacement of
pre-existing calcium carbonate during or following consolidation of
sedimenrts (Friedpan and Sanders, 1967) but may also form penccontempor-
aneously. Diageneric dolomitization, particularly wi th réspect to timing,
is poorly understood. It may be entirely post—depositional or may pro-
ceed in stages,’starting in the depositiona) environment and accentuated
by later processes (Friedman and Sanders, 1967). It is nut, therefore,
in itself a reliable indicator of the depositional environment and other
associated features must be used in interprétation (such as bioturbation,
stromatolites, oolites, etc.) where sufficiently preseéved.

Epigenetic dolostone is formed by replacement of limestone with
replacement localized by post-depositional structural elements, such as
faults and fractures. This type is generally associated with metallic ore
deposits, especially lead and zinc (Friedman and Sanders, 1967). Since
this type of dolostone often cross-cuts stratigraphy and is of an irregular

4

nature, it is not used when defining formal stratigraphic units.
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Regional Setting

The island of Newhaundland is the northeastern termination oi the
Appalachian vrogen in North Ameriva. It has been divided into eight
tectpnic-strat igraphic zones (Williams et al., 1974) .

Western Newfoundland compr ises three of these zones (Fig. 1) which
dare, from west to east, the Lomond zone (or zone A), the tHampden zone (or
zone B), and the Fleur-de-Lys zone (or zone ¢). Together these three
vones represent the ancient continental margin of eastern North America

. (Williams and Stevens, 1974) .

The Lomond zone consists of an in-place, lower Yalaeozoic, shallow
water sedimentary sequence that unconformably overlies a crystalline
cont inental (Grenvillian) basement. This eastward thickening succession
pass'es upwards from late Precambrian to early Cambrian volcanics amtl
siliciclastics at the base to Middle Cambrian te Middle Ordovician car-
bonates at the top‘.

The autochthonous, shallow water sedimentary wedge is overlain by
westward transgressing flysch deposits which are thought to have preceded
the emplacement of a transported deep water, dominantly siliciclastic,
sequence and ophiolite complexes above the shallow water rocks. .The
sedimentary rocks range in age from Lower Cambrian to Middle Ordovician
and consist of westerly derived quartzo-feldspathic flysch, limestone
flysch, and limestone conglomerate.

Penetrative deformation (Acédian) in the Lomond zone increases from

west to east and affects both autochthonous and transported rocks. The

Hampden and Fleur-de-Lys zones to the east consist dominantly of polyphase

deformed me tamorphosed siliciclastic and volcanic rocks that contrast

sharply in structural style and metamorphic grade with rocks of the
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Lomond zone to the west.

The major geologic elements of western Newfoundland are illustrated

’

in Fig. 1.

The rocks under study in this thesis are located in the Lomond zone
(zone A; Fig. 1). This belt of autochthonous Cambro-Ordovician sedimen-
tary rocks extends from the Port-au-Port Peninsula in the south to Cape
Norman‘in the north, a distance of 400 kilometres. Width of the belt
varies from 2 kilometres to 60 kilometres at its widest part. GStrati-

graphic thickness generally increases from west to east.




CHAPTER I1
PREVIOUS WORK

The study of Cambro-Ordevician stratigraphy in western Newfoundland
dates back over 100 years to the ploneering work of Richardson and Logan
(1863) . Seventy-one years later, Schuchert and Dunbar (1934) published
their now classic work ''Stratigraphy of Westerm Newfoundland” which
became the standard for all later work. In the past forty-three years,
most studies have concentrated on regional mapping and many authors
have proposed changes and additions to tHe stratigraphic scheme, most
of which have only local application.

The followin; chapter 1s a review of these studies, outlined to
establish a foundation for discussion of the new stratigraphy. The
stratigraphy and formation names of each report are synthesized on
Table 1 and the descriptions of selected pertinent studies summarized
in Appendix A to F.

Logan (1863) firat described the "fossiliferous" rocks of western
Newfoundland at the Strait of Belle Isle and Bonne Bay, incorporating
the results of field work by James Richardson (Appendix A). Logan (1863)
divided the section into the Potsdam Group with divisioms A, B, C, and
the Quebec Group with divisions D to Q. He also suggested that the
Quebec Group was equivalent tg the "metalliferous" formation of the
continent, traceable under various designations from Newfoundland to
Alabama, and that these rocks were depos d in comparatively shallow
water.

The Potsdam Group was described as a series of sandstones, lime-

stones, and minor shale and the Quebec as a series of grey "magnesian"

limestone, in places with "geodes of calc-spar" and minor interbedded




dolomite. It was emphasized that consideratle portions of the section
were barren or devoid ot tossils.

Schuchert and Dunbar (1934) reassigned Logan's (1863) Potsdam Group
to the Labrador series of Lower Cambrian age, D to 1 of the Quebeé Group

to the St. George series of Lower Ordovician age, K to N to the Table

Head series, 0 bo the Long Point series, P to the Cow Head breccia, and
)

() to the Creen Point and Humber series. The last four units we‘e all

assigned a Middle Ordovician age. The name March Point series was pro-
posed for a section of Upper Cambrian strata exposed along the south
shore of tée St. George Peninsula (now known as the Port-au-Port
Peninsula) from Cape St. George to Sheaves Cove (Fig. 2; Appendix C).

Rocks of Lower Ordovician age found along the south shore of the
5t. George Peninsula between March Point and Port-au-Port (Fig. 2) were
designated as the type section of the St. George series (Appendix B).

The base of the Ordovician was said to rest on strata of Upper Cambrian
age but was not actually observed. Presumably the contact lay between
March Point and Sheaves Cove but the presence of seacliffs made the
section inaccessible in this area, |

The upper contact of the St. George series with the Middle Ordovician
Table Head series was defined at the type section by:

(1) a marked lithological change, from light grey, smooth weathering
dolomite to hluish grey, hackly limestoﬁe, the latter representing the
Table Head series.

(2) a complete and abrupt taunal change.

(3) relief of a minor amount, representing a hiatus between the
Lower and Middle Ordovician when coupled with the faunal change.

Schuchert and Dunbar (1934) also found this contact at other locations




{n western Newfoundland: near Table Head (now known as Table Point),

on the Pointe Riche Peninsula, on both sides of the entrance to East Amm
of Bonne Bay,‘and on the St. Ceorge Peninsyla ca. 200 metres northwest
of The Gravels. The basal contact of the St. Geor'ge with the Cambrian,
however, was not found in the entire region north of Bonne Bay. On the
basis of Logan's (1863) descriptions, Schuchert and Dunbar (1934) assumed
that the base of the St. George series was present at Bonne Bay but did 7
not s'tudy' it.

At the type section on the St. Ceorge Peninsula, the St. George
series was described as a sequence of interbedded limestones and dolomites,
with siltstones and sandstones present in the lower parts (Schuchert and
Dunbar, 1934). Characteristically, lighter laminated beds alternated
with thicker and darker rippled layers. Other ubiquitous features
included fucoids, flat-pebble and intraformétional conglomerates, sun

crackings, and Cryptozoon beds. The March Point Formation at its type

section was described as a sequénce of ocolitic limestone and dolomite,
siltstone, and shale, with a thick sandstone unit at the base.
Cooper (1937) investigated the geology of the Hare Bay area and

'

subdivided the sequence into the Lower Ordovician Southern Arm Limestone

and Brent Island Limestope. Both units were correlated with the St.

e

George series on the basis of lithology and fossil content. These units

IO VRN

were described as ';Jell‘ bedded, light to dark grey, hackly to laminated
r
limestone, with slaty horizons and abundant chert. The overlying, dark

2 ke S

grey, hackly and rubbly weathering Hare Island Limestone was in turn

correlated with the Table Head series.

Lochman (1938), on the basis of trilobite data, divided the March

Peoint series of Schuchert and Dunbar (1935) into two formatioms




(Appendix C). Units 1l to 27 were assigned to a March Polnt formation of
Middle Cambrian age and units 23 to 30 were assligned to a Petit Jardin
formation of Upper Cambrian age. The St. George series was ngt studied.

Betz (1939) examined the geology of Canada Bay area and defined the
following units, c¢orrelated with the units of Schuchert and Dunbar (1934)
by lithology and fossil content:

(1) Treyton Pond Formation and Cloud Rapids Formation (Middle
Cambrian), consisting of limestone with abundant chert and blue black,
fine-grained limestone with thin quartzite beds, correlated with the
March Point Formation.

(2) Chimney Arm Formation (Lower Ordoviclan), consisting of lime-
stone and dolomite, black, grey, or blue, massive to laminated, shaly
in places, sparsely fossiliferous with mud cracks, stylolites, and vugs
lined with dolomite crystals, correlated with the St. George Group.

(3) Bide Arm Formation (Middle Ordovician), consisting of dark, blue
grey, hackly weathering limestone and dolomite, correlated with the Table
Head Formation.

Sullivan (1940), in the course of a study of the Port—au-Port area,
examined the St. George type section and found that faulting of the
section was of greater importance than had previously been recognized.
Faults of considerable or immeasurable displacement were recognized at
Ship Cove, Lower Cove, and Fellx Cove. In addition, a number of smaller
faults were seen to cut the section. The St. George was saild to be in

fault contact with the Petlit Jardin formation at the type section and the

sedimentary relationship between these two formations was nowhere exposed.

Troelsen (1947a),in a study of the Bonne Bay area, concluded that

the best exposed section of Upper Cambrian and Lower Ordovician rocks was
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along the southwest shore of East Arm (Fig. 41; Appendix D). The name
East Arm Formation was proposed for 162 metres of limestone, dolostone,
and shale exposed from South Head to a point ca. 610 metres along the
coast to the sogthwest (toward Lomond). Upper Cambrian trilobites were
found in the East Arm Formation and the upper contact with the St. George
Group was drawn arbitrarily (well above the fossil horizon) where thick-
bedded, grey weathering dolomite became dominant over grey limestone and
thin-bedded buff weathering dolomite. Because of insufficient fossil
data, 1t was suggested that the lower St. George might be partially

Upper Cambrian in age.

Exposures of the St. George Group were said to form the coast from
Lomond to Shag Cliff but, because of the dearth of fossils and presence
of faults, it was suggested that thig section might include overlap or
omissions. The St. George was divided into five units, labelled 1 to 5.
The upper contact with the Table Head Formation was sald to be covered.
Troelsen (1947a)felt that lithologically there was a considerable dif-
ference between the St. Geofge section at Bonne Bay and that at Port-au-
Port, the Bonne Bay section being darker in colour and with fewer
fossils,

Jﬁhnson (1949) produced a regional description of the St. George
Group, mainly summarizing the results of previous authors. He stated

that, at the Port-au-Port Peninsula, beds of ‘the St. George appeared to

rest normally on Upper Cambrian beds. Since, howevE}, there was consid-

erable thickness of section between known fossil horizons in the St.
George Group (Lower Ordovician) and the Petit Jardin Formation (Upper
Cambrian), Johnson (1949) suggested that intervening beds must be consid-

ered a transition series of Cambro-Ordovician age until more evidence




could establish a precise break;

Walthier (1949) re§tudied both the St. George and March Point series
type secLionsvot Schuchert and Dunbar (1934) and considered uwits 1 to 4
of the St. Ceorge type sectlon, described as siltstones, sandstones, and
thin—%edded dolomite, to be Middle and Upper Cambrian in age on the basis
of their lithologic similarity with the Cambrian of the March Point section
and their lack of fossils. Walthier (1949) added that the basal beds of the
St. George type section were probably equivalent to part of the quartzites
of the March Point Formation. If such a suggestion is followed, then the
thickness of the S5t. George iy decreased substantlally, from 610 to 465
metres. Later workers, with the exception‘of Kindle and Whittington (1965)
and Smit (1971), have disagreed.

Oxley (1953), Nelson (1955), and Woodard (1957) all focused on recon-
naissance mapping of areas on the wastern side of the Northern Peninsula
from Western Brook northward to Castor's River (Fig. 1). In keeping with
the findings of Schuchert and Dunbar (1934), none of these authors reported
autoch thonous Upper or Middle Ca@brian strata in this part of west
Newfoundland. In the Western Brook - Parson's Pond area, Dxley (1953)
descrihed the St. Ceorge Group as medium grey, medium-grained dolomite
interbedded wiéh limestone and nodular chert. In the Portland Creek -

Port Saﬁnde;s area, according to Nelson (1955), the St. George consisted

of poorly fossiliferous, grey dolonite andllimestone, geodiferous in
places. In the Port-au-Choix - Castor's River area, Woodard (19575
described the St. George Group as mainly massive, geodiferous, slightly *°
calcdreous, ripple marked dolomite, commonly with intraformational con-
glomerate, chert, fucoidal markings, and Cryptozoon "heads".

Lilly (1961) examined the Cambro-Ordovician sequence in Goose Arm




and in the Humper corge (Fig. 1). Since fossil evidence was lacking, the
4tr. George Croup was ident ified by its lithologic similarity with fossil-
iferous rocks to the south\at Port-au-Port. In the area of the Humber
Gorge, the St. George was divided into an upper Corner Brook Formation,
consisting of limestone and dolomite, and a lower Hughes Brook Formation,
consisting of grey, medium, thick-bedded massive dolomite. Underlying

the St. George, a 240 metre section of thin-bedded shaly limestone, was
recognized, named the Reluctant Head Formation, and correlated with the
Upper Cambrian beds of the Port-au-Port Peninsula., In Goose Arm, Lilly's
(1961) measured section of the St. George consists of interbedded dolomite
and limestone, in places thinly laminated and with scattered chert, but

no subdivI;ions were made (Appendix E). Underlying the St. George, Lilly
(1961) designated the Penguin Cove Formation, A sequence of highly slumped
]imestone and dolomite with Jenticular quartzite and shales, correlated
with the upper part of the Labrador Group (Lower Cambrian) as expused at
Bonne Bay (Appendix F). Lilly (1961) admitted fhat the relationship
between the two Cambrian formations was uncleér and supgested a trans-
gressive overlap of the Reluctant Hea@ onto the Penguin Cove in the area

of the Humber Corge.

Corkin (1965) examined the rocks of the Port-au-Port Peninsula for
their petroleum potential, and agreed with the results of most previous
workers, notably gullivan (1940). An interesting suggestion made by
Corkin (1965) is t;atuplift and erosion (pre- Table Head) resulted in
the removal of about 60 metres of the uppérmost g¢. George dolomite beds,

a calculated figure obtained by comparison of lithologies from the same

!

group somewhere in the north. )

Kindle and Whittington (1965) discovered three new Upper Cambrian

Py




trilobite localities in the supposedly continuous Lower Ordovician type
section of the St. George at the Port-au-Port Peninsula. The type
section was not remeasured, however, and only geographical coordinates
were given for the fossil localities. This discovery indicated that
much of the St. Ceorge type section, possibly as much as one third, {is
really Upper Cambrian in age.

The status of the St. George and Table Head were revised from
"series" to For&ations. The Humber Arm "series'" and Cow Head "limestone
breccia" were emended to Humber Arm Group and Cow Head Group.

Whitcington and Kindle (1966) made a second important discovery
along the Strait of Belle Isle. They found Middle Cambrian trilobites
in "yellow weathering carbonates' between Deadmans Cove and Bear Cove
and in the limestone west of Eddies Cove. These strata were correlated
with the Cloud Rapids Formation of the Canada Bay region (Betz, 1939),
and were previously considered to be part of the St. George series by
Schuchert and Dunbar (1934).

Cumming (1967) stated that the lower part of the St. George exposed
along the narrows of the Strait of Belle Isle was Middle and Upper
Cambrian in age on the basis of Whittington and Kindle's (1966) findings.
He added that the uppermost part of the St. George is a "thin-bedded buff
dolomite" and ghat this lithology is consistent for a distance of 400
kilometres along the west coast of Newfoundland. He reaffirmed the
suggestion of Schuchert and Dunbar (1934) that the St. George contact
1s a disconformity and found that at the Aguathuna quarry, the Table
Head piack limestone fills a channel 9 metres deep in the buff dolomite
of the St. George.

Later, Cumming (1968) discussed the economic importance of the St.

-
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George - Table Head disconformity. Mississippi-Valley-type base metal
deposits Had been found beneath the disconformity at Zine Lake, seven
miles northeast of Daniels Harbour in 1963. This disconformity was also
said to be present between the Romaine and Mingan Formations on the
hurlh side of the Gulf of St. Lawrence in Quebec.

Whittington and Kindle (1969) discussed the Cambrian and Ordovician
stratigraphy of western Newfoundland in light of the suggestion by
Rodgers and Neale (1963) that the stratigraphy consisted of an in-place
autochthonous facies and a transported allochthonous facies, They praposed
that:

(1) the Forteau Formatiom of northwestern Newfoundland might be the
equivalent of the Kippens Formation of the Port-au-Port area.

(2) the basal sandstones of the March Point Formation might be the
equivalent of the Hawke Bay Formation at the top of the Labrador Croup.

(3) beds 17 to 57 of Sullivan (1940) belong to the St, George
Formation at the type section at the Port-au-Port Peninsila (corresponding
to units 6 to 27 of Schuchert and Dunbar, unit 6 being exposed in the
area of Green Head, east of Felix Cove). No obvious break was seen

between beds presumed to be lowest Ordovician (at Green Head} and beds

presumed to be Upper Cambrian (at Felix Cove) but the section in which

the break was to be expected was either faulted or exposed in inaccessible
cliffs. (between Green Head and Felix Cove)

(4) strata of the St. George Formation, containing Lower Ordouvician
gastropods and cephalopods are present at Jerry's Nose and Lower Cove
(west of known Upper Cambrian strata at Campbell's Cove and Felix Cove;
Fig. 2). Major faults, therefore, must interrupt the type section.

Smit (1971) studied the Cambro-Ordovician shelf sequence of western




Ne;fﬁundland and agreed with the results of most previous workers. Even
though Smit (1971) felt that the existing stratigraphic units were poorly
mappab le and that lithostratigraphic and chronostratigraphic units had
often been wantonly interchanged by previous workers, no attempt whatsocever
was made to revise or improve the exlsting terminology. Description of the
rocks was essentially the same as that of Schuchert and Dunbar (1934) and
little detailed discussion of the sedimentology was given. The March
Point, Petit Jardin, and St. George formations wefe said to represent a
continuous transgressive sequence with sandstone grading up into carbonates
interpreted as having been deposited in shallow subtidal, intertidal, and
supratidal enviroments. Particular emphasis was placed on the diagenesis of
oolites in the®asal part of the St. Ceorge type section at the Port-au-Port
Peninsula.

Besaw (1974) recently divided thie St. George into five mappable
lithostratigraphic units on the Port-au-Port Peninsula. These were, from
top to bottom: ‘

(1) the Port-au-Port unit, 50 metres thick, consisting of thick
interbedded limestone and dolomite.

(2) the White Hills unit, with a variable thickness (12 metres on
Table Mountain, to 20 metres at the Aguathuna quarry, tO 30 to 60 metres in
the White Hills at the western end of the Peninsula),‘consisting of a
homogeneou;, massive to thick-bedded, high-grade, white weatherlng,
light grey, fine-grained sparry limestone. G]auconifewas commonly
found along bed?ing or stylolite surfaces.

(3) the P{ne Tree unit, up to 60 metres thick, consisting of massive,
cnarse—-grained, burrowed dolomite. The top and bottom of the unit did not

seem to conform to a bedding plane; due to dolomttization, the
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lithologic break is irregular,

(4) the Pigeon Head unit, up to 42 metres thick, of grey weathering,
fine-grained limestone, which seems to be in undulating contact with the
overlying Pine Tree unit.

. (5) the ¥bwer Cove unit, more than 457 metres thick, (of which only
the upper 42 metres were examined by Besaw) oé grey, buff, and red
limestones and dolostones with abundant stromatolite horizons.

No attempt was made by Besaw (1974) to interpret these in terms of
depositional environment or to correlate them with the St. George Group

further to the north.

s

Kluyver (1975) examined the St(;» George Group in the area of the
fointe Riche Peninsula and divided 1t into threé formations!:

(1) the Port-au—-Choix Formation, from 35 to 41 metres thick, con-
sisting of massive, SURAary, burrowed, 'pseudobrecciated” dolomite and'
gilty dolomite with quartz filled cavities. Colour varies from light

beige to medium oOr dark grey. Solution collapse breccias and some shale

k)

intercalations occur 1in the upper 10 metres.

(2) the Catoche Formation, 100 metres thick, consisting of fine
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grained, bluish grey limestone, only very locally dolomitized; flat-
pebble conglomerate, ripple marks, mud cracks, stylolites common in the
basal 10 metres. .

(3) the Barbace Ptﬁnt Formation, more than ‘21 metres thick, con-
sisting of medium g/rey to brown, slightly silty to sandy, resistant
dense dolostone wifh a few oolitic beds and one algal layer. Scour—aﬁd—
f111 channels, ripple marks, and dessication cracks increase upwards and

collapse breccias are common.

These rocks were interpreted by Kluyver (1975) to he shallow water
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platform carbonates deposited in subtidal %o intertidal environments.

The contact with the overlying Table Head limestones was said to be sharp,
with a slight angular unconformity; the base of the section was not
observed.

Collins and Smith (1975) studie-d the upper 122 metres of the St.
George Formation from diamond drill holes in the Daniel's Harbour area.
These strata, immediately un-;jerlying the Lower-Middle Ordovician uncon-=
formity, were subdivided into three units, from top to bottom:

(1) the Cyclic Dolomite, 67 to 70 metres thick, composed of three
basic lithologies repeatedly interbedded: a basal conglomerate of
"reworked bioturbated dolomite", a fine-grained, light grey, laminated
dolomite, and dark to light briown, massive, mottled or bioturbated dclo-
mite. The conglomerate tended to be much thinner than the other two
lithologies, on the order of less than 60 centimeters compared Lo 0.6
to 6 metres.

(2) the Dark Grey Dolomite, 15 to 17 metres thick, composed of
massive to bioturbated, medium to dark grey, medium-graimed dolomite,
with thin limestones sporadically interbedded; pellets, algal laminations,
and fine fossil debris are common. Contained graptolites indicate an
upper Arenig age.

(3) the lower limestone, of which only the upper 30 metres or so
were studied, consisting of interbedded light grey, stylolitic, mottled
limestone and grey, fine- to medium-grained, -massive to extensively bio-
turbated dolomite or dark grey, massive, micrite limestone. Collins
and Smith (1975) felt that the dolomites were the result of dolomitization
of the micrite limestone. Pseudobreccias also occur within this unit.

An attempt to correlate these lithologies between adjacent drill




holes indicated that the Lower Limestone, due to diagenetic alteration,
was much more variable jaterally than the overlying two units. The

main variation was in the thickness and amount of ﬁlottled limestone beds,
the mottled texture being due to burrowing. Collins and Smith (1975)
concluded that these sediments formed on a "marine platform or bank of
regional magnitude' accompanied by subsidence end uplift of up to 90
metres before Middle Ordevician transgression and deposition of the
overlying Table Head Formation.

Coincident with this study, and as part of a regional mapping
‘program of the Department of Mines and Energy, Province of Newfoundland,
Knight (1977) studied the coastal exposures along the Strait of Belle
Isle north of Table Point. Using trilobite data collected by Boyce
(1977), the stratigraphy of the stratigraphic sequence above the Forteau
Formation has been revised on a provisional basis:

The Hawke Bay Formation of Schuchert and Dunbar (1934) is divided
into three lithostratigraphic uni

(1) Hawkes Bay Quartzite Fm.$ Lower Cambrian in age, composed of
quartzitg with minor shale.

(2) Micrite Fm., Middle Cambriag dn age, of thin-bedded, dark grey
.limestone with minor shale. ~

(3) Dolomite Fm., Upper Cambrian in age, of dolostone with

stromatolites, oolite, i{ntraformational breccias, and minor limestone,

shale, and siltstone.

The "St. George's' Group is divided into five units, from base to
top:

(1) Unfortunate Cove Fm., consisting of interbedded dolostone, lime-

stone, and shale, with stromatolites and chert.
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(2) Watts Bight Fm., of interbedded limestone and dolostone with
stromatolites, and chert, and a Lower Ordovician fauna.

(3) Catoche Fm., of rubbly weathering, fossiliferous limestone with
abundant stromatolites.

(4) Diagenetic Carbonates, consisting of massive, VUggy, BTe€Y
dolostone that is "transgressive to the stratigraphy”, hence not assigned
formational status.

(5) Siliceous Dolomite Fm., consisting of dolostone with minor
limestone, shale, and quartzite.

No thicknesses are given for these units, and descriptions are
very \brief. Thicknesses cited in this report.were obtained via personal

communication.

Summary

Results and revisions of previous workers are summarized in Table I,
including thicknesses for each subdivision.

Four main points regarding knowledge of the sedimentary succession
of western Newfoundland are evident from this synopsis:

1. Studies have been focused on localized areas and, as a result,
considerable confusion exists concerning rank of units, location of
stratigraphic boundaries, and criteria for establishing stratigraphic
boundaries ie. biostratigraphic or lithostratigraphic. There has been no
overall correlation between areas.

' 2. Studies have been cuxisory; little detailed stratigraphy has been
done. The succession has often been studied in the course of much larger
projects, with the result that knowledge is generalized and non-specific.

3, Next to nothing is known about the sedimentology of these rocks.

-1




Little attempt has been made, except for later workers, at interpretation
of depositional environments.,

4, Since 1934, few workers, with the exception of Kindle and

Whittington (1965), and Whittington and Kindle (1969), have tried to

obtain additional fossil data from the rocks.

From the outset of this study, particular emphasis has been placed
on these obvious problems. As a result, the following chapters present
detailed description, correlation, and interpretation of the Middle
Cambrian to Lower Ordovician sedimentary succession in five selected areas
of western Newfoundland. The location and definition of previous
stratigraphic subdivisions are briefly reviewed and are compared to the

new subdivisions defined in this report.
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Table 1: Sumary of Previous Work **
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336 336
Port-au- cyclic Siliceous
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: 3l .
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g5 | o5 |° IS | gy | gsg Fn. 8 tead_ag) Y10\ gipectone || Fn, o0
] 133 5[ Tower | HAINCE 1l 3 | Tnfortunate
L | Cove 42+ °;?+ 0 Cove Fm. 183
break? + break? -
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Point Rapids Point Fm. F. 46
Fm. 259 March | Fm, 286 ;
Point Fm
3 Penguin 267 Hawke Hawkes_Bay
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e 10 150
183
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Fn. 65 | Gp, Bradore Fm. | Fm. 43 i
215 Lighthouse [ Bradore
Cove Fm, 122/ Fm. 79
Bateau Fm,
16-244
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** thickness of each unit given in metres

¥ Green Point series is now considered a unit of the allochthonous Humber Arm Gp.
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CHAPTER III
PORT-AU-PORT

Location of Type Sections

Autochthonous Middle Cambrian, Upper Cambrian, and Lower Ordovician
strata are well exposed along the south coast of the Port-#u—Port
Peninsula (Fig. 2). On the basis of paleontological evidence, chrono-
stratigraphic or time—-stratigraphic units were propgsed by Schuchert and
Dunbar (1934, p.16). Lochman (1938) later revised the Cambrian at March
Point into two formations, using fossils collected by Schuchert and
Dunbar (1934), but did not personally visit the type section and, as a
result, the contact between the two new formations (March Point and
Petit Jardin) was placed arbitrarily between beds 22 and 23 of Schuchert
and Dunbar (1934, p.34; Appenﬂtx b); the Lower Ordovician section was

not restudied (see: Chapter ll - Previous Work).

As discussed by Kindle and Whittington (1965, p.683), the use of

tWe term "series" by Schuchert and Dunmbar (1934) for their stratigraphic
Subdivisions is inadmissable under the Code of Stratigraphic Nomenclature,
Article 9(f) (Am. Assoc. Pet. Geol., 1970, p. 7).
published after their study. The appropriate term is "Series', with
capitalization of the "e" It was not mentioned, however, that Lochman's
use of the term "formation”" for her units is alsoc a contravention of the
Code, Articles 6 and 19. Since her divisions were based on faunal
evidence, the term "formation" is inadmissable, and the proper term
should be either a biostratigraphic or a chronostratigraphic one.
Numerous other workers, have made suggestions for changes but no
formal revisions. The definitions of the original type sections are:

thus firmly entrenched in the literature.
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Fig. 2: Geology of Port-au-Port Peninsula, mainly after Besaw (1974), with changes to
stratigraphy by the author.



Continuity and Structural Complications

Schuchert and Dunbar (1934, p.46) stated that the type section of
the St. George series was exposed in continuous succession from its lower
contact with the March Point series west of Sheavés Cove to the upper
contact with the Table Head series at Port-au-Port and that successively
higher beds were exposed as one travelled from west to east. Such is not
the case, however, as revealed by field work undertaken for this report
and the results of other workers:

(1) Upper Cambrian trilobites have been found in the supposedly
continuous St. George Formatién at Campbell's Cove and Felix Cove, both
well within the type section, by Kindle and Whittington (1965, p.685).
Trilobites collected by this writer in the same)general areas (identified
by W.T. Dean, pers. comm. 1976; Boyce, 1977) ;re also of Upper Cambrian
age.

(2) Rocks along the coast from Abraham's Cove tu Man 0" War Cove
are lithologically identical to those of the Petit Jardin formation type
section.

(3) Exposures along the south coast are faulted in many places,
notably by a group of northeast-southwest trending normal faults from
Abrahan's Cove to about 400 metres east of Big Cove Brook (Fig. 2;

Besaw, 1974 map). That these faults are of considerable magnitude
cannot be disputed, since Lower Ordovician fossils have been found within
this fault-bounded zone at Ship Cove, Pigeon Head, and Lower Cove
(Schuchert and Dunbar, 1934, p.49; Whittington and Kindle, 1969, p.658),
well to the west of the Upper Cambrian fossil localities at Felix Cove.
The contention of Schuchert and Dunbar (1934, p.46) that successively

lower beds are encountered from east to west is therefore impossible.




(4) Thrust faults cbserved by this writer also displace the section
in many places. A series of three west-directed thrust faults, although
of minor displacement, cross the gsection to the west of Felix Cove and
the type section of the Petit Jardin formation is terminated by a west-
directed thrust fault just west of Big Cove Brook. From the latter point
. to a normal fault 400 metres east of Big Cove Brook, tbe section 1s
highly contorted, repeatedly faulted, and could not be measured.

(5) Schuchert and Dunbar (1934, p.46-50) did not examine a consider—
able portion of the St. George type section, specifically fFom Man O' War
Cove to Felix Cove, from Felix Cove to Campbell's Cove, and from Lower
Cove to Sheaves Cove, because the shore was “oliffed and inaccessable"
in all three cases. This writer has found that the_only truly inaccess-—
able areas from land are the tip of the headland between Abrahém's Cove
and Campbell's Cove, and the coast from the west point of Lower Cove

to Sheaves Cove. All otﬁer areas can easily be reached at low tide and

the inaccessable portions can be examined at the tops of cliffs or in

roadcuts. Schuchert and Dunbar's (1934, p.50) description of the beds
from Man 0' War Cove to Felix Cove (unit 2, Appendix B) comprised 50
metres of siltstones and sandstones, with occasional beds of dolomite
and intraformational conglomerate. This writer has walked the length of
this shoreline at low tide and found that the section contains only one
or two thin sandstone beds (not exceeding one metre f; thickness) in &
gection over 120 metres thick.

Based on the above, it is the author's opinion that the present
terminology should be revised. Consequently, {Rg following description

of the lithostratigraphy is framed in a revised and updated formay, the

LS

result of which is a new stratigraphic framework of the Cambro-Ordovician,
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based on lithology and paleontology (Table 1I; detailed stratigraphic

section in pocket).
The biostratigraphic zonation in Table IT 18 based on the work of N ?ﬂ'

o
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Boyce (1977), who studied fossils collected by the author, and Lochman

"

. ¢
(1938). Trilobites representative of all zones except Crepicephalus
have been collected from this sequence but the boundaries between zones

must be considered tentative pending additional collecting.

- .

Degras Formation (proposed)

The name Degras Formation is here proposed for 104 metres of thick-

bedded sandstone exposed along the south shore of the Port—au-Port

Peninsula from Petit Jardin to March Point in a broad anticline with {ts
axis near the village of Degras (Fig. 2). The Degras Formation consists
of fine- to coarse-grained, thick-bedded, red, white, and pink quartzose
sandstone (Fig. 3). The sands are invariably well scrted, well rounded,
and commonly exhibit good trough cross-bedding, ichnofossils (skolithus),
and mud cracks. Locally the sandstones are hematitic with conéiderable
reddish iron staining.

This formation corresponds to units 1 to 5 of the March Point
section of Schuchert and Dunbar (1934, p.35; Appendix C) and to the base
of Lochman's (1938, p.463) March Point Formation. Fossils have never
been found in this sandstone unit but Whittington and Kindle (1969, p.657)
suggested that it was equivalent to the thick basal sandstones of the
Lower Cambrian Hawke Bay Formation to the north. Lochman (1938, p.462)
identified Lower Cambrian trilobites from the underlying Kippens Formation
shales. In the absence of adequate fossil data within the beds in question,

the author considers this formation to be Lower to Middle Cambrian in

age.
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Table II Stratigraphy, Port-au-Port Peninsula

3

Existing
Terminology*

Proposed Terminology

PERIOD/
/EPOCH

LITHOSTRATIGRAPHIC

UNITS

BIOSTRATIGRAPHIC
UNITS
(trilobite zones)

Table
Head Fm.

M.Ord|

Middle
Ordovician

Table
Head Fm.

St.
George
Fm.

Lower Ordovician

Lower
Ordovician

upper
cyclic
member

middle
Timestone
member

St. George Fm.

Petit
Jardin
Fm.

Upper Cambrian

March
Point
Fm.

Middle Cambrian

Upper
Cambrian

Tower
cyclic
member

upper
shaly
member
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CONASPIS

ELVINIA

middle
dolostone
member

DUNDERBERGIA

APHELASPIS

Tower
shaly
member

CREPICEPHALUS

CEDARIA

Middle
Cambrian

Lower
Cambrian

upper
massive
member

March Point Fm| Petit Jardin Fm.

Tower
silty
member

Degras
Fm.

BOLASPIDELLA
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*after Schuchert and Dunbar (1934), Lochman(1938),
and Kindle and Whittington (1965).



Fig. 3: Thick-bedded, quartzose sandstones of the Degras
Formation near Degras, Port—-au-Port Peninsula.

Fig. 4: Rhomboid ripple marks and ichnofossils on surfaces
of parted limestone, lower sjilty member, March
Point Fm. at March Point. Scale in cm.'s.



March Point Formation (revised)

The name March Point Formation is here restricted to 171 metres of
limestone and shale with minor siltstone arlld dolastone exposed along the
south shore of the Port-au-Port Peninsula from March Point eastward to
a spot about 1500 metres east of March Point (Fig. 2); the upper contact
of the March Point Formation with the overlying Petit Jardin Formation
is abrupt and conformable and best exposed at the latter spot (Fig. 2).

The March Poin.t Formation, as here revised, corresponds to the upper
155 metres of the March Point formation of Lochman (1938) and to units 6
t§ 22 of the March Point section of ‘Schuchert and Dunbar (1934; Appendix
C), It may be divided into two lithologically distinctive subdivisions,
informally designated the lower silty member and the upper massive wmember.
The section is easily accessable at low tide.

Lower silty member: At the type section, a covered interval of 5

metres is present between the Degras Formation sandstones and the overlying
lower silty member. The lower silty member ig relatively recessive
weathering, 61 metres thick, and consiéts of limestone and shale, locally
highly silty and sandy, especially in the basal 10 metres.

The body of the member is composed of thin-bedded (beds 1 to 5 cm.
thick), grey weathering, grey lime mudstone and dark grey, fine-grained,
fissile shale. This style of bedding is common in all Cambrian sections
and in the field is often referred to simply as “parted limestone". This
designation‘:has previocusly been used to describe Cambrian rocks of very
similar texture extensively developed in the Canadian Cordillera (Aitken,
1966). The term is, in a way, a misnomer since all gradations from
dominantly limestone (with only thin partings or wisps of shale) to

dominantly shale (with limestone as thin, lenticular nodules surrounded

S

- e e e ot

emi e

ERRLNRERIE W

TP S




by shale) are present. However, it is a useful, concisg epithet for des-
cribing these rocks in the field. Lime mudstone beds are finely planar
laminated to rtippled cross-laminated or massive; ichnofossils and rhom-
boid ripple marks (Fig. 4) are common on bed surfaces while linear to
sinuous ripples are present but scarce. Shale beds are often mud cracked
and become reddish in the upper part of the member. Thin lime wackestone
or biomicrite beds with abundant trilobite and brachiopod fragments are
present but rare.

Both the limestone and shale beds are locally silty. An increase

in silt content results in a fine "gritty" texture both on fresh and

weathered surfaces and a brownish weathering colour. The basal 10 metres
of the member are notably silty; limestones are grey to reddish brown
weathering, glauconitic, in resistant beds 10 to 40 cm. thick, and grade
into calcareocus siltstones. Small scale slump structures, vertical
Skolithus tubes, and a few thin beds containing abundant coarse-grained,
well sorted, well rounded quartz particles are also present in this part
of the section.

N Periodically interbefided with these parted limestones, and generally
in increasing occurrence upsection, are thicker, (10 to 40 cm.) more
resistant, limestone beds of flat-pebble conglomerate, stromatolites,
and oolite. ]

Flat-pebble conglomerates are coarse calcirudites with moderately
well sorted, pronouncedly discoid clasts of finely laminated or massive
lime mudstone. Pebbles are at all attitudes from flat-lying to parallel
to bedding and are set ?n a matrix of buff weathering, fine-crystalline,
argillaceous dolomite; long axes of tabular pebbles are as much as 10

cm. long. These beds are often convex-upward, lenticular, and pinch out

laterally over distances of a few metres.
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Stromatolites are generally in the form of discrete, hemispherical
‘heads 0.3 to 1.0 metres in diameter and as much as 0.8 metres high.
Thes,e heads are in turn composed of smaller .LLE-C type stromatolites
(Logan et al., 1964) about 1 or 2 cm. in diameter, giving rise to a
pimply bedding surface on top. According to the classification of Logan
et al. (1964), such structures would be termed type SH-V/LLH-C. Thin-

bedded, parted limestones fill depressions between and cover these

stromatolite heads.
Oolite limestones are rare and present only in the upper part of

the unit. The oolite is thick-bedded, fine-grained, well sorted, grey

to dark grey, and often exhibits well developed herringbone cross-bedding.

Microscopic examination of this Iithology reveals that it has an
cosparite texture and therefore was deposited as a clean lime sand.

The upper contact of the lower silty member with the overlying upper
massive member is abrupt and is drawn at the base of a thick dolostone
unit, described‘ below.

Trilobites coillected approximately 27 metres from the base of this
unit were identified by Lochman (1938) as Marjumia sp. and Eldoradia sp.,
indicating a Middle Cambrian Bolaspidella zone age. The lower silty
member corresponds te units 6 to 13 of the March Point section of
Schuchert and Dunbar (1934; Appendix C).

Upper massive member: The upper massive member corresponds to units

14 to 22 of the March Point section of Schuchert and Dunbar (1934,

Appendix C) but this writer has measured a thickness of 110 metres, 18

metres more than that measured by the previous authors. Since the entiﬁe
\

thickness of the section from March Point to the fault just west of Big )

Cove Brook has been measured as 276 metres compared to Schuchert and

(ri
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Dunbar's (1934) measured thickness of 257 metres (units 6 to 3(5; Appendix
C), the author is forced to conclude 'that the previous measurement is in
error.
. The 1;pper massive member 1is a relatively resistant unit consisting
mainly of thick-bedded limestone with miﬁor thin-bedded-shale and thick-
bedded dolostone (Fig. 5). Three main lifhofacies are encountered:
intra[omationél conglomerate, colite, and laminated lime mudstone.

The base of this. member is abrupt and 1s drawn at the bot‘tom of a
6 metre unit of thick-bedded, light grey to reddish grey, fine-crystalline
dolostone in beds 1 to 2 metres thick. Thin plan o irregular buff layers
1 to. 2 cm. thick are common throughout and are occ 1ly cross-laminated
or mud cracked. TFenestral texture {s locally well developed. The dolo-
stone is occasionally thin-bedded and fissile.

Thick-bedded, mauve to reddish weathering, massive to laminated, green-
.ish grey to buff, very fine-grained dolomitic 1ime mudstone 1s common through-
out the upper massive member in beds 40 to 50 cm. thick. Laminations are on
the scale of cm. with uneven thickness and slight low-angle gross—lamination.
Between on'e half and three quarters of these beds are mud cracked and brecciated
at the top with mud cracks filled with overlying oolite; brecciation extends
as much as'40 cem. down into the laminated beds.. Often a complete gradatiomn
is observed from laminated mudstone at the base of a bed to mud cracked
limestone at the top to scattered pebbles of buff, laminated or massive

1ime mudstone in overlying oolite beds.

By far the dominant component of this member is thick-bedded oolitic

1ime grainstone in grey to dark grey and light grey to buff beds. Lighter

oolite beds are 0.5 to 4.0 metres thick, often herringbone cross-bedded,

P AT

and contain very coarse (long axes as much as a few cm.'s), rounded to




LIME
MUDSTONE |

LIMESTONE
CONGLOMERATE

Fig. 5: Thick-bedded carbonate sand cycles of the upper
massive member, March Point Fm., along the south
coast of the Port—au-Port Peninsula east of

March Point.

By - o , . s__ . = e - o+ = _ - "—‘-m . M
Fig. 6: SH-V/LLH-C type stromatolites, March Point Fm. along
the south coast of the Port—au-Port Peninsula.

Scale in cm.'s.
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subangular, buff flat-pebbles of lime mudstone which float in the finer
matrix. Thin scaftered layers 1 to 5 cm. thick of buff, massive to finely
laminated, dolomitic lime mudstone occur in these beds; thgse layers

are mud cracked and dissociate laterally into coarse buff coloured pebbles,
The microscopic texture of this lithology is that of a medium— to coarse-
grained (0.25 mm. to 1.0 mm.), moderately well sorted intraocosparite with
oolites and well rounded intraclasts of micrite, silty micrite, and

oosparite.

pewa ) o

Darker oolite beds are generaily 20 to 40 cm. thick, with large

ripples on bed tops, and underlie the above. Oolites are well sorted,

medium- to coarse-grained, and are much more abundant in these beds;

-

very coarse intraclasts of grey lime mudstone are locally abundant but
finer, well sorted, well rounded intraclasts, so common in the lighter
beds, are absent. Microscopic texture is that of an oosparite.
Beds of mediup- to very coarse-grained, poorly sorted intraformational
conélomerabe 20 to 40 cm. thick in turn underlie dark grey oolite beds.
_,.~\\.v
Very coarse, angular to subrounded pebbles of oolitic lime mudstone or

oomicrite occur in a finer matrix of med ium-grained, poorly washed intra-

= e s AR S i L s

pelsparite or packstone with few oolites. In places coarse pebbles have
concentric algal or oncolite laminations forming coatings 1 to 10 mm.
thick. Very coarse edgewise conglomerates without algal coatings are

also occasionally present.

e s o el T NT T R,

Stromatolites are common throughout this member and are of type °

SH-V/LLH-C (Logan et al., 1964), similar to those in the lower shaly

men@ber, forming discrete heads 20 cm. to 1.5 metres, in diameter and 20
to 60 cm. high (Fig. 6). Small arborescent masses of the alga Epiphyton

are common in stromatolite beds.
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Dark grey, fine-grained, thin-bedded, laminated, red and grey
weathering shales are also present and ﬁre interbedded with stromatolites
and laminated to massive dolomitic 1ime mudstone beds. The shales are
fissile and recessively weathering, and are much thicker in the basal
parts of the unit; beds are as much as 1.5 metres ;hick at the base but
only 5 to 20 cm. thick in tge upper part and are often restricted to
shaly seams 1 of 2 em. thick along stylolitic contacts. Shale beds are
in places dolomitic and mud cracked with rare dessic&tion polygons up to
20 cm. across. .

Parted limestones are but a minor co;stituent and are present only
in thé basal part. ‘

Abundant glauconite in beds of dark grey lime grainstone may be seen
about 18 metres from the base of the member,

No fossils have been collected from the upper massive member either
by previous workers or by the present author., The contact of the March
Point Formation with the overlying Petit Jardin formation ig abrupt and
conformable and is exposed about 1500 metres east of March Point. This

boundary corresponds to the one chosen by Lochman (1938) between units

22 and 23 of Schuchert and Dunbar (1934; Appendix C).

Petit Jardin Formation (revised)

The Petit Jardin formation, as here revised, includes the Petit
Jardin formation of Lochman (1938; Appendix C) exposed to the west of
and terminated by a conspicuous thrust fault just west of Big Cove Brook,
The section is then offset 20 km. to the east to Felix Cove where the
upper part of the formation is well exposed in the seacliffs between

Felix Cove and Man 0' War Cove, completely accessible at low tide, and is

Y VU T M A e e Y
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continuous with the type section of the overlying St. George Formation.
Continuity between these two widely separated points (Big Cove Brook and
Felix Cove) can be established because the uppermost 60 metres of the o
section at Big Cove Brook are repeated in the section between Felix Cove

and Man O' War Cove. Detailed measurement and description of these two
portions of section reveal a similarity so striking that it cannot be
dismissed as coincidental, and itlis the author's contention that these

are equivalent strata (seg Appendix T). Trilobites collected by the

author also support the idea that these two widely separated sections are

indeed continuous. Lochman's (1938) specimens from the base of the Petit

Jardin indicate a Ce&aria zone age, or lower Upper Cambrian (see correla- (
0t10n). Trilobites collected by the author im the equivalent unit east g
of Felix Cove, but higher im the section, fall within the Aphelaspis to f
Dunderbergia zones, or approximately middle Upper Cambrian. Samples

collected from the uppermost part of the formation near Man 0' War .Cove

(Fig. 2) are younger still and indicake an age in the Conaspis zone, or

late Upper Cambrian (W.H. Frf comm., 1976; Boyce, 1977). |

The upper contact of the Petd Jardin Formation with the overlying
basal thick-bedded dolostones of the St. George Formation is exposed on

both sides of Man O' War Cove. Uppermost strata of the Petit Jardin are

i g

thus exposed both on the west eide of Man 0' War Cove and in the headland
on the east side (Fig. 2).

The Petit Jardin Formation, as described here, corresponds to the
Petit Jardin formation of Lochman (1938) plus units 4, 3, aad probably
part of 2 of the St. George series type section of Schuchert and Dunbar

(1934; Appendix B).

The Petit Jardin Formation is divided into three lithologically
2
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distinct units, informally named the upper shaly member, the middle
dolostone member, and the lower shaly member.
Lower shaly member: The lower shaly member, 41 metres thick, con-

formably and abruptly overlies the thick-bedded limestone of the upper-

most March Point Formation. The unit is poorly exposéd but a complete

section can be measured.

The lower shaly member is a very recesslve unit, 41 metres thick,
consisting of thin- to medium-bedded silty limestone and shale (or parted
1i{mestone) similar to the base of the March Point Formation, but with an
increased proportlon of shale. Silty limestone beds grade locally and.
generally downsection into calcareous siltstone. An increase in silt
content in the field can be recognized by a fiﬁe gritty texture on fresh
and,weathered surfaces and a tendency toward brownish weathering colours.
Lime mudstone beds are 1 to 5 cm. thifk, greenish grey to brown weathering,
massive to faintly laminated or cross—l%minated, and fine-grained with
rhomboid ripple marks common on bed tops. Foam prints, primary current
iineations, and numerous bounce-and-skip casts arerhserved on bases of
beds. Trilobite and brachiopod fragments are abundant in places and
large ichnofossils up to 3 cm. wide are seen on bed tops. In the upper
. parts of the member, calcareous siltstone or gilty limestone beds often
contain abundant glauconite. Small channel-like structures 5 or 6 cm.
wide and 5 or 6 cm. deep filled with grey, silty lime mudstone are
occasionally developed in underlying shale beds.

Shale beds are fine—grained, dark grey, thin-bedded, fissile, brown

)
to dark grey weathering and often silty. The section grades locally from
dominantly shale (up to 80%) to dominantly calcareous siltstone orisilty

1ime mudstone (60% to 80%). Shales are often mud cracked.
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in the upper part of the unit, a few thin beds of grey, oolitic limel
grainstone appear.

Large cryptalgal structures lacking internal lamination are here
referéed to as thrombolites, following the suggestions of Aitken (1967).
Columnar thrombolites as much as 1.2 metres high and 1 to 1.5 metreé in
diameter, draped by parted limestones, occu% at the top of the lower
shaly member (Fig. 7).

Beds 10 to 20 cm. thick of very coarse edgewise conglomerate gomposed
of dis;oid pebbles of brown weathering silty lime mudstone are observed
in many places (Fig. 8).

The contact between the lower shaly meéber and'the overlying middle
dolastone member is abrupt; the lower shaly member corresponds to units
23 to 27 of the March Point section of Schuchert and Dunbar (19343
Appendix C). Trilobites Qollectgd 6.0 metres from the base of the 'unit
{ndicate an Upper Cambrian (Cedaria zone) age (Lochman, 1938, p.463).

Middle dolostone member: The middle dolostone member is a resistant
unit exposed both west of Big Cove Brook at gﬁe top of the March Point
section of Schuchert and Dunbar (1934) and along the coast east of Felix
Cove (Fig. 2). The unit is 64 metres thick at Big Cove Brook and 66 metres
thick at Felix Cove, and corresponds to tHe upper 66 metres of the Petit
Jjardin formation of Lochman (1938) and to units 28 to 30 of Schuchert
and Dumbar (1934; Appendix C).

The middle dolostone member, as %ts name suggests, consi§ts of
thick-bedded, light grey and reddishférey, fine-crystalline, grey and
buff weéthering dolostone. In the uppermost 12 metres of the unit,
thick resistant dolostone beds are interbedded with dark grey, fine-

grained, fissile, reccessive shales in beds 0.2 to 1.0 metres thick.
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Fig. 7: Large thrombolite draped by parted limestones,
lower shaly member, Petit Jardin Fm., east of
March Point, Port—-au-Port Peninsula.

Fig. 8: Coarse edgewise conglomerate with discoid pebbles of
silty lime mudstone, lower shaly member, Petit

Jardin Fm., east of March Point. Felt pen is 14
cm. long.



Microscopic textures and fabrics of dolostones within the middle
dolostone member are variable; dolomite crystal size ranges from 0.015

mm. (microcrystalline) to 0.8 mm. (coarse-crystalline). Generally,

dolostones are inequigranular and hypidiotopic to xenotopic.

Original sedimentary textures are easily seen in all dolostone beds
throughout this unit. Dolomitized equivalents of every limestone type
presentvin thé upper massive member of the March Point Formation are also
present in this unit jncluding light and dark grey oolite beds (comprising
757 to 80% of the unit), very coarse flat-pebble and edgewise. conglomerate
beds, massive to planar laminated beds, thrombolite or stromatolite beds,
/and a few glauconi;e—rich beds.

Light grey oolite beds are of ten herringbone cross-bedded, usually
1 or 2 metres thick, and have thin scattered lavers 3 to 5 cm. thick
of mud cracked, laminated to massive dolostone that break up laterally
into very coarse pebbles in a much finer, oolitic matrix (Fig. 9).
Intraformational conglomerates, as in the March Point limestones, common-
ly have algal or oncolite coatings (Fig. 10) but beds of edgewise con-
glomerates nowhere have coatings on pebbles.

Planar laminated beds 30 to 50 cm, thick with laminations a few mm.'s
to a few cm.'s thick are common throughout; thicker laminations are of
uneven thickness with slight cross—lamination while thinner laminations
.are more planar. Rare climbing ripples were observed in laminated
dolostone both at Felix Cove and Big Cove Brook. No particulate texture:
could be discerned but it is possible that these may represent an
original very fine lime grainstone texture and are genetically unrelated
to the planar laminated beds.

Near the base of the unit in both areas (Felix Cove aund Big Cove
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Fig. 9: Herringbone cross-bedding in thick-bedded, pebbly
oolite, middle dolostone member, Petit Jardin Fm.,
east of Felix Cove. Dark lithology is intraoosparite;
light lithology is clasts of lime mudstone. Note
mud cracked layer below pen - mud cracks are filled
with oolite. Felt pen is 14 cm. long.

Fig. 10: Pebbles of intrapelsparite with oncolite coatings,
middle dolostone member, Petit Jardin Fm., on east
side of Abraham's Cove. Scale in cm.'s.



Brook) large, roughly hemispherical, thrombolites about 1.0 metre in
diameter surrounded by thick-bedded, finely planar laminated dolostone
are cbserved. At the top of this bed, large dessication polygons are
developed in the laminated dolostone. These serve as a useful and impor-—
tanf marker horizon between the two areds.

Also in both areas, at ca. 48 metres from the base of the unit, beds
of arborescent or branching digitate stromatolites 1 to 3 cm. in diameter
and 2 to 5 ¢m. high are preseﬁt (Fig. 11). Thin beds of glauconitic,
well rounded, well sorted, fine- to coarse-grained, calcite—cemented
quartzose sandstone were also found overlying this bed in both areas. A
few thin glauconite-rich oolite beds are present in the 10 metres directly
underlying the bed of arborescent stromatolites, and in the overlying 6
metres. These also serve as a useful marker horizon.

The most common stromatolifes in this unit are discrete heads of |
type SH-V/LLH-C as much as 1.0 metre in diameter and 40 cm. high simi{ar
to those in the March Point Formation (Fig. 6).

At the section east of Felix Cove, scattered dolostone beds are
calcareous and grade into beds of dolomitic limestone. These beds are
irregularly distributed in the upper part of the unit, between 25 and
55 metres from the®base of the unit.

The middle dolostone member differs from the upper massive limestones

of the March Pojnt Formation in having beds with relief of as much as 50 cm.

These irregular surfaces are found at 16 and 18 metres from the base in
the section west of Big Cove Brook and at 24 and 26 metres from the base
{n the section east of Felix Cove (Fig.112). Usually the relief is devel-
oped in buff weathering, laminated to massive dolostone beds overlain by

dark grey ocolite beds. Asseciated with these surfaces are zones of




Fig.

11: Heads composed of small, radiating, arborescent
stromatolites, upper shaly member, Petit Jardin
Fm., west of Man O' War Cove. These are capped

by a thin bed of quartzose sandstone. Penknife
is 9 cm. long.

Fig.

12: Exposure surface, middle dolostone member, Petit
Jardin Fm., west of Big Cove Brook. Note relief
of darker oolite on lighter microcrystalline
dolostone. Range pole is 2 metres long.



abundant brecciatlon and thin-bedded, ‘irregular, reddish dolomite seams

up to 10 cm. thici{ that pinch and swell and fill depressions on underlying
beds; breccia cousists of poorly sorted, very Coarse, angular fragments
of light grey masslive or laminated délostone in dark grey, fine-crystalline
dolomite. Both breccia and reddish dolomite fill fractures and occur in
pockets and beds underlying the relief surfaces. Breccla fragments are
coated with light grey or reddish dolomite in irregular beds as much as

30 cm. thick. These textures .resemble both modern and ancient calcrete
described by James (1972), Walls et al. (1975), and Harrison (1977).

At the section at Big Cove Brook, the middle dolostone member is
terminated by a low-angle thrust fault at the top. From this spot to a
high-angle fault east of Big Cove Brook that brings up thick-bedded bluish
grey limestones of the middle St. George Formation, the section is highly
contorted, faulted, and unmeasurable. East of Felix Cove, the middle
dolosgone member is conformably and abruptly overlain by the thin-bedded

limestone and shale of the upper shaly member.

Trilobites were collected by the author east of Felix Cove 57 metres

from the base of the unit in a thin calcareous trilobite hash layer fitl-
ing idepressions between the distinctive arborescent stromatolite beds
mentioned above. Go‘od specimens of thremaceghalus sp. were obtained;
these indicate an Upper Cambrian age, ranging from the Aghelasgis zone
to the Dunderbergia zone (W.H. Fritz, pe;.rs. comm., 1976; Boyce, 19775

see correlation).

Upper shaly member: The upper shaly member, 50 metres thick, is

<

exposed in 1its entirety along the south coast of the Port-au-Port Penin-

sula west of Man 0' War Cove. Since the strike is almost parallel to the

coastline and dip is to the north, the uppermost 24 metres are repeated
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in the headland east of Man O' War Cove and thick-bedded dolostones of
the. overlylng St. George Formatlon are exposed in the center of the cove
(Fig. 2).

The upper shaly member consists of thin— to thick-bedded limestone
and thin-bedded shale, with minor thick-bedded dolostone at the top.

The princlpal compunent of this unit (60% to 70%Z) Ls parted limestone,
xonsisting of thin to lenticular b;ds 1 to 10 cm. thick of fine-grained,
grey laminated to massive, bluish grey lime mudstone and dark grey, fine-
grained, fissile, recessive shale. In the basal half of the unic, all
gradations from dominantly lime;tone to dominantly shale (Fig. 13) are
developed. Limestone beds are often silty and grade into brownish
weathering, calcareous siltstone, the latter with a fine gritty texture
on fresh and weathered surfaces and good bounce-and-skip casts on bases
of some beds. In the upper half of the unit, shale content is minor and
restricted to thin partings less than 1 cm. thick between limestone beds;
partings become dn]nmiricgand brownish to buff weathering. TIchnofossils
are locally abundant on limestone bed surfaces. Ripple cross—lami;ation
(Fig. 14) and rhomboid ripple marks are common throughout, in and on lime-
stone beds, as are mud cracks oﬁ shaly beds. Intefvals of parted limestone
are 1.0 to 2.5 metres thick and are repeatedly interrupted by more resis-
tant grey weathering limestone beds 10 to 50 cm. thick of ocolite grain-
stone, flat-pebble and edgewise conglomerate, planar laminated lime
nudstone, stromatolites or thrombolites, and minor shale at the top (Fig. 15).

Oolite beds are dark grey, medium— to coarse-grained, thick-bedded,
often rippled and of ocosparite texture. At the top of the unit, crests

of ripples on top of oolite beds are locally silicified to brown weathering

chert (Fig. 16). Intraformational conglomerate beds are very coarse,

\
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Fig.

13: Thin, lenticular, silty, lime mudstone nodules
(light) in shale (dark) with thicker beds of flat
pebble conglomerate at base and top. Upper shaly
member, Petit Jardin Fm., west of Man O' War Cove.
Lens cap is 5 cm. in diameter.

14: Fine ripple cross-lamination in parted limestone,
upper shaly member, Petit Jardin Fm., west of Man
O0' War Cove. Note vertical burrow (arrow) in upper
part. Lens cap is 5 cm. in diameter.
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Fig. 15: Sequence of parted limestones interbedded with
thicker, more resistant beds of edgewise conglomerate,
stromatolites, and oolite, upper shaly member,

Petit Jardin Fm., west of Man O' War Cove.
Range pole is 2 metres long.

Fig. 16: Large sinuous, symmetric ripples on a thin oolite
bed, upper shaly member, Petit Jardin Fm., Man O'

War Cove. Hammer for scale.



ovlitic, thick-bedded, dark grey, poorly sorted anc.i occasionally fill
N\nnels in parted limestones (Fig. 17).

Edgewise conglomerates are moderately well sorted, coarse calcirudites
ui‘th tabular pebbles at all orientations from parallel to perpendicular
to bedding. These beds are berm-shaped, pinch out laterally, and attain
their greatest thickness. where pebbles are perpendicular to bedding (Fig. 18).

Large thrombolite mounds as much as 1.5 metres high d'raped by parted
l1imestones are occasionally seen. These structures are of ten underlain
by very coarse edgewise coﬁglomerate at the base: At top of the unit,
smaller llemisphericél mounds with no internal lamination but with a de-
finite digitate pattern are also referred to as thromboli;:es by this writer.
The latter are ca. 50 ¢m. in diameter, form discrete heads, and are sur-—
rounded by light grey to buff weathering, partially gilicified, lime
grainstones "] adders" (deep narrow channels of bedded calcarenite].

A few thin, dark grey. resistant beds 10 tvo 20 cm. thick owll
SH-V/LLH-C type stromatolites about 15 cm..in diameter are present.
Larger st‘romatolites ca. 1 metre in diameter and 1 metre high of SH-V
type are present at the top of the unit; the latter have deep, Narrow,
bedded calcarenite channels between heads, as above. Two unique types
of stromatolites are developed in the headland east of Man 0' War Cove.
One is a very large jow. relief stromatolite 16 metres in diameter and
1 metre high developed in bluish grey weathering limestone. The
- stromatolite has good convex-upward lamination and is of type SH-V.

Others slightly higher in the section are of LLH-S type but form 20 cm..
thick, musﬁroom—like, grey weathering limestone caps on buff weathering,

dolomitized thrombolites about 2.0 metres in diameter.

Beds of planar laminated, buff weathering dolomite or dolomitic

_,.,,.#,;, .-




Fig. 17: Poorly sorted intraformational conglomerate channel
in parted limestones, upper shaly member, Petit Jardin
Fm., west of Man O' War Cove. Penknife is 9 cm. long.

Fig. 18: Bifurcating, edgewise pebbles of lime mudstone in a
lime grainstone matrix, upper shaly member, Petit
Jardin Fm., west of Man O' War Cove. Lens cap is
5 cm. in diameter.
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. of cm. size, uneven, with low-angle cross-lamination. In the upper

an age in the Upper Cambrian Elvinia zone (Boyce, 1977; see correlation).
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limestone are scattered through the unit in beds 5 to 20 cm. thick

usually interbedded with shale in beds ca. 10 cm. thick. Laminations are

5.0 metres of the upper member, however, these beds are 10 cm. to 1.0
metre thick and are interbedded with recessive shale beds 10 to 40 cm.
thick.

The upper contact of the upper shaly member with the overlying thick-
bedded grey and buff dolostones of the basal St. George Formation is
abrupt and conformable.

The upper shaly member corresponds to unit 3 and possibly part of

unit 2 of the St. George series type section of Schuchert and Dunbar e

i
{
i
{
i
%

(1934; Appendix B).
Trilobites collected by the author from a thin skeletal lime grain-
stone bed overlying dark grey oolite limestone 11 metres above the base

of the upper shaly member were identified as Camaraspis sp., indicating

R.K. Stevens, in the company of the author, collected specimens of
Taenicephalus sp. from the top of the upper shaly member (in beds higher
than the Camar is locality) in stromatolite mounds in the headland east

of Man 0O' War ve. These indicate an Upper Cambrian Conaspis zone age,

slightly younger than the previous specimens (Boyce, 1977).

St. George Formation (révised)

The name St. George Formation here is restricted to 573 metres of
thick-bedded dolostone and thin- to thick-bedded limestoune exposed along
the south coast and east coast of the Port-au-Port Pepinsula from the

lower contact with the Petit Jardin ?ormation, exposed at Man O' War Cove,
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to the upper contact with the Table Head Formation, exposed ca. 200

metres northwest of the north bar of The Gravels., The section is complete-
ly accessible at low tide, except for the interval covered by The Gravels,
which is exposed on Table Mountain to the northeast (Figs. 2, 3),

The St. George Formation, as here reviged, corresponds ta units &
to 27 of the St. George seaies type segtion of Schuchert and Dunbar
(1934, p.46-51; Appendix B).

The section 1s displaced by two northwest-southeast trending high- ,
angle normal faults at the southeagt corner of the Peninsula (Figs. 2, 3).
Displacement along these faults ig impossible to aeasure but lithology
does not change appreciably from one side to the other. Since drag on
both faults indicates that the northeast side has moved downward with
respect to the southwest side, then some beds are missing from the section
and the measured thickness {s a minimum value,

The St. George Formation may.be divided into three lithologically
distinct units designated the upper cyclic member, the middle limestone

member, and the lower cyclic member.

This author has chosen to give the St. George the status of a

tormation subdivided into members rather than a group divided into
formations because the members as yet have no proven mappability. Even
though they are mappable in the best exposed sections along coastline,
problems arise in the interior of ;est Newfoundland mainly because of
poor outcrop. The upper cyclic member and the lower cyclic member are
lithologically identical and with limited outcrop would be difficult to
differentiate. A single; isclated outcrop of limestone, for example,

could conceivably belong to any of the three members; faulting would

further complicate the situation. The St. George as a whole could,
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however, be easily mappable on the scale of a formation because the
sedimentology differs radically from that of the March Point and Petit
Jardin Formations. As was seen 1n the case of the middle dolostone member
of the Petit Jardin, sedimentological textures are easily distinguishable

even when dolomitized. The above reasoning applies equally well to the

. /z«»ﬂ*,"—"‘“.:w. -

other study areas.

" Lower cyclic member: The lower cyclic member (see: Chapter IX - ©
Interpretation for discussion of cyelicity), 308 metres thick, is exposed
along the southeast coast from Man 0' War Cove to a spot ca. 10 metres
southeast ?f the south bar of The Gravels. It is displaced by the two
normal faults previously ﬁentioned.

The lower cyclic member consists of t%ick—bedded bioturbated or
laminated dolostone And thin- to thick-bedded, bioturbated limestone,
repeatedly interbedded.

Dolostone beds are of a limited.numbér of types. The most commou
and bykfar most abundant are microcrystalline, buff to light grey,
blocky weathering, planar laminated aﬁd mottled beds 20 cm. to 3.0 metres
thick, occasionally with brovﬂish weathering chert as irregular nodules.
Both lamination and mottling are outlined by colour variations, from
light reddish grey to pinkish grey to buff. Microscopic examination of
thase dolostones reveals an equigranular, idiotopic fabric with doiomite
crystal size ranging from 0.010 to 0.040 mm, Crystal size varies slight-
ly between individual laminations or between mottled areas of different
colour.

Mottled beds often grade up into laminated beds of two types: finer,

more planar, even laminations on the order of mm.'s (Fig. 19) and thicker,

more uneven laminations on the scale of cm.'s in places with low-angle
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Fig. 19: Microcrystalline, buff, blocky weathering, thinly
laminated dolostone, lower cyclic member, St. George
Fm., southwest of The Gravels. Note deep dessication

cracks (arrows). Hammer at lower left is ca. 25
cm. long.

Fig. 20: Microcrystalline, buff, blocky weathering, thickly
laminated dolostone, lower cyclic member, St. George

Fm., southwest of The Gravels. Hammer at lower left
is ca. 25 cm. long.
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cross-lamination (Fig. 20).

Beds of massive, fine- to coafse—crystalline, light grey weathering,
mottled dolostone are common in the basal parts of the unit. If outcrop
coarse crystals are easily discernible to the naked eye on weathered
surfaces. These beds ofren grade, usually down section, through zones of
sucrosic dolomite-mottled 1imestone to massive limestone (Fig. 21).
Viewed in thin section, tge dolostone 1is equigranular and xen;topic,
with mosaics of 0.15 to 0.625 mm. crystals. Small relicg limestone
patches’are present as nicrospar. Thick beds of this 1ithology, with
abundant brown weéthering chert as nodules, mottling, and thin beds occur
between 80 and 100 metres from the base of the lower cyclic member
(units 3, 4, Appendix H).

Rare dolomite conglomerate beds are present in the upper part of the
member, in beds 20 to 60 cm. thick with irregular lower surfaces that cut
down into underlying beds (Fig. 22). The conglomerate is poorly sorted,
with a variety of fragments, including coarse, rounded clasts of chert
and fine-crystalline dplostone. Medium— fo coarse—grained oolites, onco—
lites, and int;aclasts are well preserved in nodules of white chert.

The basal 34.4 metres of the lower cyclic member consists of thick-

bedded, micro— to medium-crystalline dolostone (unit D). Planar laminatad

beds, mottied beds, stromatolite beds, and oolitic flat-pebble conglomerate
beds are repeatedly interbedded in beds 0.2 to 2.0 metres thick. Stroma-
3

ralites are either of low relief LLH-C type 1.0 to 1.5 metres in diameter

or form small heads composed of smaller digitate stromatolites 1 to 3 cm.

in dismeter and 5 cm. high. A few beds of dolestone with an oolitic
grainstone texture (similar to beds in the underlying Pccit'Jardin

Tormation) are present.
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Fig. 21: Gradational contact between thick-bedded, mottled
dolostone (light) and underlying dolomite mottled
limestone (dark), lower cyclic member, St. George
Fm., southwest of The Gravels. Mottled dolostone in

turn grades up into laminated dolostone at top.
Hammer is ca. 25 cm. long.

Fig. 22: Poorly sorted dolostone conglomerate channel

(outlined), lower cyclic member, St. George Fa.,

southwest of The Gravels. Range pole is graduated
in 20 cm. increments.



Limestone beds are grey, very fine- to coarse-grained, bluish grey
weathering, very fossiliferous, and of two main types.

Lime mudstone to lime wackestone (Dunham, 1961) or biomicrite
(Folk, 1961) beds are thin- to med{um-bedded, with abundant ichnofossils,
and often have paper-thin brownish buff partings of argillaceous dolomite,
Ichnofossils form horizc;ntal, anastomosing tubules a few mm.'s in diameter
on bedding surfacas or vertical burrows and consist of light grey weather-
ing, fine- to med‘ium-crystalline dolomite (Fig. 23) or brownish buff
weathering, very fine-crystalline argillaceous dolomite. Fenestral or
birdszeye porosity is occasionally well developed in mudstone beds. Fossils
are locally very abundant and include gastropods, cephalopods, brachiopods,

v

trilobites, dnd the sponge Archaeoscyphia. Microscopic exami{-lation of
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samples of this 1ithology reveals that peloids and fine, well rounded

intraclasts are also often present .(grain diameter: 0.05 to 0.5 mm.) in

.

va};ying proportions; argillacecus dolomite in burrows has an equigranular,
ivdio‘topic texture with crystal size of 0.050 to 0.130 mm. and with
scattered microcrystalline, opaque, argillaceous material. In places

mud cracks are developed on these beds.

v

Less abundant but also common throughout the lower cyclic member

.

are thin- to medium~bedded, slight more resistant beds of lime grainstone

including intrasparites and biointrasparites, often rippled and usually

vithout ichnofossils. Microscopic examination of samples of this 1ith-

ology reveal that peloids (grain diameter: 0.1 to 0.5 mm.) are an abun-
dant component and that larger subangular to subrounded intraclasts
(grain size: 0.5 to 4.0 mm.) are composed of micrite or aggregates of

pelmicrite. Intraclasts are often very coarse, on the order of a few cm.'s.




Fig. 23: Poorly preserved ichnofossils and gastropods on
limestone bed surface outlined by light grey,
resistant weathering dolomite, lower cyclic member,

St. George Fm., southwest of The Gravels.
Penknife is 9 cm. long.
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Fig. 24: Large stromatolites of type LLH-S surrounded and
capped by burrowed, fossiliferous limestones,
lower cyclic member, St. George Fm., southwest of
The Gravels. Range pole is 2 metres long.
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Limestone stromatolites are all of low relief LLH~C or LLB-S type

and range from 10 cm. to 2 metres in diameter but are all less than 1.0

petre high (Fig. 24). Mounds 1.0 metre {n diameter composed entirely of

the alga Epiphyton weré observed in limestone ca. 200 metres from the

base of the unit. '

Large mound-like structures 4 to 6 metTes in diameter surrounded by
thick-bedded calcarenite and resembling the sponge mounds reported by
Stevens and James (1976; pers. comm.) are present at Green Head,
stratigraphically ca. 100 metred from the base of the lower cyclic
member (Fig. 25). These mounds are extremely fossiliferous and extensive-
1y mottled with light grey weathering med {iun-crystalline dolomite and
brown weathering chert. Dolomite mottling outlines a cellular pattern
N on bed tops and a radiating digitate pattern {n cross-section. Smaller
mounds 15 to 20 cm. in diameter also surrounded b); thick-bedded calcar-
enite occur ca. 143 metres from the base of the unit.
Exposures of the lower cyeclic member are also found.along the south
{ coast from the west side of Abrahams Cove tO the east side of Fiods Cove
(Fig. 2). This umit corresponds to units 4 to 7 of the St. Gelorge
series type section of Schuchert and Dunbar (1934; Appendix B).
Fossi.ls are abyndant in the unit from Green Head to The Gravels.
Cephalopods from Green Head jdentified by R.H. Flower are' characteristic
of rhe earliest Canadian-Gasconadian stage (Whittington and Kindle,

1969, p.658), ot earliest LowerT Ordovician. The author has observed

small, poorly preserved, gastropods in beds 9.0 metres stratigraphically

pbelow those at Green Head.
Middle 1imestone member: The middle limestone member, a thick

(ca. 200 metres) unit of burrowed, fossiliferous limestone, is covered,




Fig. 25: Sponge mounds at Green Head, Port—-au-Port Peninsula,
lower cyclic member, St. George Fm. Note '"cellular"
pattern outlined by selective dolomitization.



e e,

Terer o4

s

v

ex.cept for the basal 26 metres, by The Gravels at the St. George Formation
type section.

To obtain a measure of the thickness of the unit and description of
1ithology, therefore, two sections (A and B in Fig. 26) were measured on
Table Mountain and combined with the type section.

The upper part of the unit is well expose;i in the section along the
first stream north of the gate on the radar station road (_sectior\ A in
Fig. 26) and the lower part is well exposed in the section at Smelt Can.yon
(B in Fig. 26) .

At Smelt Canyon (B in Fig. 26), 114 metres of the middle limestone
member (Fig. 27) occur in unbroken succession from the west end tO the
east end of the canyon where exposure 1s terminated on the north side of
the south branch of Smelt Canyon Brook. Since beds dip to the west, the
top of the section occurs at the west end of the canyon. The contact with
the underlying lower cyclic member (placed at the first appearance of

.

dolostone beds) is not exposed.

The section consists of thin-~ tc: thick-bedded, grey, fossilife;‘ous
limestone of two types: hackly weathering, fine-grained, thi'n-bedded
limestone in beds 5 to 10 cm. tpick with thin (1 to 2 om.), buff, argil-
1 aceous doiomite partings are interbedded with massive, resistant,
jensoid beds of biosparite, intrabiosparite, or intrapelsparite up to
20 cm. thick. 1In the upper 34 metres, buff partings are repla-ced by thin
wisps of grey weathering dolomiée. Asymmetrical ripples are present in
the basal part, as are minor beds of planar laminated lime mudstone.

The uppermost 27 metres of the gection eonsist of grey, bioturbated

limestone extensively mottled with brownish weathering chert and light

grey weathering, gucrosic dolomite gradingllocally into massive grey

[N e e .;_.";“
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Fig. 27: Burrowed, fossiliferous limestones of the middle
limestone member, St. George Fm., at Smelt Canyon
northeast of Port—au-Port. Approximately 80 metres

of limestone are exposed in the far canyon wall.

~ : : - _ . E-
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Fig. 28: Hummocky sponge mound, middle limestone member,
St. George Fm. at the west end of Smelt Canyon,

extensively mottled with fine- to medium-crystalline,
vuggy dolostone and chert.



R L.~

O e R T ey,

- 67 -

dolosfone. Beds are very fossiliferous and have a distinct mound ghape
(Fig. 28) similar to the sponge mounds at Green Heéd on the Port—au-Port

Peninsula. Scattered outcrops of light grey limestone are found above

this unit at the western end of Smelt Canyon.
The section is then offset 3 km. to the southwest; the extensively
@

dolomite mottled limestone at the top of the Smelt Canyon section is very

TE 3 g, Pl S O

distinctive and can be traced along the'top of Table Mountain from section
B to section A (Fig. 26). Comtinuing upward, the secﬁion along the
stream north of the gate on.the radar station road (A in Fig. 26) includes
the upper part of the middle limestone member, the succeeding upper cyclic
member of the St. George Formation, and the base of the Table Head
Formation. This section can, therefore, be tied in very well with‘the 3
type section to the southweSt at The Gravels. Since this section (A in
Fig. 26) includes numerous covered intervals in the upper part, it was
measured with tape and compass, and corrections made for topographic
changes. |

The ﬁpper 57 metres‘of the middle limestone member consist of thick~-
bedded, light grey, biloturbated limestone. This limestone differs from
the lower part (at Smelt Canyon) in having a lighter colour, abundant
fenestral texture (filled with sparry calcite), and few fogssils. This
part of the middle limestone member was formerly reférred to as the
White Hills unit by Besaw (1974); .the underlyiﬁg dolomite mottled lime-
stone was referred to as the Pine Tree unit, )

The total thickness of the middle limestone member measured on Table
Mountain, combining sections A and B, is 171 metres. Calculated thickness

covered at The Gravels is 180 metres.

The total thickness of the middle limestone member 1s therefore
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approximately 206 metres, including the lowermost 26 metres (Unit 15,

Appendix H) expgsed southwest of the south Gravels bar.

The unit does not correspond to any part of the St. George series
of Schuchert énd Dunbar (1934, p.47) and they aggfar to have ignored the
interval covered by The Gravels in computing the total thickness.

Exposures of the middle limestone member are also present along the
south csast of the Port-au-Port Peninsula in the area of Pigeon Head
(Fig. 2).but were not measu?ed there because of extensive faulting.

Upper cyclic member: The upper cyclic member, 59 metres thick, is

1

exéosed along the coast northwest of The Gravels, from the west end of
the north bar to the contact with the overiying Table Head Formation
exposed ca. 200 metres northwest of The Gravels.

The upperlcycli& member consists of 1ntefbeddeg dolostone and lime-

N P

stone with textures identical to that of the lower cyclic member. Dolo-
stones are thick-bedded, fine-crystalline, buff weathering, and mottled
(Fig. 29) or 1am¥nated. Limestones are thin- to medium-bedded, grey, .
fine- to medium-grained, fossiliferous, and bioturbated or stromatdlitic
with occasional thin, lensoid 1a§ers of lime grainstones.

Gastropod samples collected .ca. 50 metres below the top of the unit

in the interior of the Port-au-Port Peninsula (5 kw. due north of Big

Cove Brook; 'see Fig. 2) were identified as Ceratopea ﬁnguis and Teiichispira

sylpha?, indicating a late Lower Ordovician age (E. Yochelson, pers.
comm., 1977)

The upper cyclic member corresponds to units B to 27 of the St.
George typ; section of Schuchert and Dunbar (1934) and to the Port-au-Port
unit of Besaw (1974). The lower contact of the upper cyclic member with

the underlying middle limestone member is placed at the base of the last
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Fig. 30: St. George — Table Head disconformity at Aguathuna
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Microcrystalline, buff, thick-bedded, bioturbated
dolostone, upper cyclic member, St. George Fm.,
northwest of The Gravels. Note faint preservation

of lamination. Range pole at left is graduated in
20 cm. increments.

quarry, Port—au-Port Peninsula. Dark Table Head
limestones overlie lighter dolostones of the
St. George Fm. along a surface with obvious relief

(outlined) of ca. 4 metres. Quarry face is about
15 metres high.



dolostone bed before the change to the thick limestones of the middle

The upper contact is placed at the disconformity

limestone member.

gseparating the St. George Formation from the overlying Middlf Ordovician

Table Head Formation.

The contact of the St, George Formation with the overlying Table
O

Head Formation is exposed along the coast both northeast and northwest of

2 .
The Gravels and is very well exposed in"the cliff face at the Aguathuna

quarry. .

At all three locations, the contact is placed where thick-bedded,

dark grey, hackly weathering limestone overlies buff weathering, thick-

bedded dolostone. On both sides of The Gravels, relief of a minor amount,

not exceeding 60 cm., is-present along this surface and the basal 2 metres

of the Table Head consist of light grey lime mudstone with well developed

fenestral texture filled by clear calcite spar.

Cumning (1967) stated that, at the Aguathuna quarry, relief of 10

metres was present between the St. George and overlying Table Head. Due t

to a cessation of quarrying activity in 1969 and subsequent partial col-

lapse of the quarry face, present observable relief 1is only 4 metres.

. Here the contact is very sharp. The Table Read here consists of dark

grey, mottled, nodular, or laminated lime mudstone/wackestone with partings

-

of recessive, brownish buff, argillaceous limestone; winor beds of light

grey fenestral lime midstone are interbedded in the basal*part. These

limestones £i1ll an obvious depression Iin the underlying St. George, which

consists of thick-bedded, buff weathering mottled and planar laminated

dolostone and subordinate beds of massive, grey, lime pudstone/wackestonef

Beds of the Table Head Formation along the disconformity have planar upper

surfaces but undulating bases and in places are abruptly terminated along
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strike where the unconformity crosses upsection (Fig. 30).

The limestones in the lower part of the Table Head Formation are

1ithologically very similar to the limestones developed throughout

the St. George Formation.

No evidence of subaerial exposure is developed along the Lower
Ordovician - Middle Ordovician disconformity. Diagnostic criteria that
might be expected, such as conglomerate, breccia, calcrete, paleosols,

etc. are notably absent.
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CHAPTER 1V
GOOSE ARM

Location of Type Sections

Autochthonous Middle Cambrian, Upper Cambrian, and Lower Ordovician
sedimentary rocks, dominantly carbonates, are exposéd along both the
north and sough shores of Goose Arm (Fig. 31).

This area; however, has received little attention an& Lilly (1961,
1963; see Chapter I1 - Previous Work), the only worker to have studied
the rocks in detail, proposed just two stratigraphic subdivisions. The
Penguin Cove FormatS%n (Appendix F), of probable Lower Cambrian age, was
said to be exposed on the east side of Penguin Cove on the north ghore of
Goose Arm and on the south shore west of Wolf Brook (Fig. 31). At both
locations, it was said to be conformably overlain by exposures of the
Lower Ordovician St. George group (Appendix E) which continued to the
western end of Goose Arm. Lilly (1961, p.11, 34, 35) suggested that
strata of Middle and Upper Cambrian age‘were absent.in Goose Arm due to
a hiatus between the St. George group and the Penguin Cove Formation.

No Cambrian fossils were found and presumed Ordovician fossils, although
observed by Lilly (1961, p.36), were not critically identified. These
two stratigraphic subdivisions were made solely on the basis of litho-
logic similarity withﬂespablished formations at the Port-au-Port Pentnsula

and at Bonne Bay (Fig. 1}.

Continuity and Structural Complications
i
The Penguin Cove Formation of Lilly (1961) at its type section is

sheared throughout, faulted, amd in places tightly folded; beds are

steeply dipping to locally overturned. On the south shore of Goose Arm,

R
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in contrast, this formation is thicker, less deformed, and more complete,
except for the thick basal quartzites which are bett-er exposednon the north
shore.

A considerable thickness of beds previously assigned to the St. George
group by Lilly (1961) at Goose Arm commonly exhibits features e;typical of
the St. George Formation as re-defined at Port-au-Port (this thesis);
such features include parted limestome or dolostone, cross—t_)edded, oolitic
limestone or dolostone, flat—pebble conglomerates, and thin-bedded shales.

A trilobite and brachiopod fauna collected by the author near the
base of the Cambro-Ordovician sections indicates an early‘ Middle Cambrian
age (W.H. Fritz, A.J. Rowell, pers. comm., 1977). These beds are, there-—
fore, better correlated on a biostratigraphic basis with the March Point
and Petit Jardin fort!xations and equivalents.

On the basis of exam'ination and re-definition of Middle Cambrian to
Lower Ordovician stratigraphy at Port-au-Port (based in turn on new litho-
logic, sedimentologic, and paleontologic i.nformation), the author feels
that the section on the south shor; of Goose Arm from Wolf Brook to the
western end of the Arm (Fig. 31) includes strata of Middle Cambrian, i
" Upper Caﬂbrian, and Lower Ordovician age exposed continuously but cut
by several high :ngle faults. s

Major changes, therefore, are necessary in the .present strétigraphic_ .
nomenclature of Goose Arm. Description of revised and proposed litho-

stratigraphic subdivisions follows; suggested ages are tentative pending -~

better fossil control. .

Penguin Cove Formation (revised)

*
The name Penguin Cove Formation is here restricted to a minimum 98

metres of sandstone, siltstone, and shale exposed on the north and south
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shores of Goose Arm. N
The “lower part of the formation is present on the north shore of
the arm, a short distance southeast of Penguin Cove, where 59 metres o’Ea
) 5
thick-bedded quartzose sandstone and minor silty shale are ‘exposed. Sand-

stone beds are buff, reddish, or brown weathering, reddish grey to white,

cross—bedded, and rippled with thin partings .in places (less than 4 cm.

.
.

tin'ck) of black weathering, dark grey shale. The sands are very fine- to
coarse-grained, well rounded; and well sorted. Beds-of dark grey, shear—
ed, brown to black weathering shale as much as 1 or 2 metres thick vare
occasionally interbedded with the sandstone; with increasing silt content,
these grade locally into argillaceous siltstones.

The upper 39 metres of the formation can be measured on the south
gide of Goose Arm near Wolf Brook and consist of thin-bedded siltstone,
sandstone, and shale. The main lithoblogy in this upperr part of the section

is thin- to medium-bedded, dark grey, dark brown to black weathering, planar

_ laminated to massive siltstone. Interbedded with the siltstone in the

lower half are thin, wavy to lenticular layers of buff to white weath'er-
ing, reddish grey, fine-grained, cross-bedded quartzose séndstone 3 tod
cm. thick. In the upper half, siltstone beds are cross-laminated or
bioturbated and commonly have thin, irregular partings as much as 10 mm.
thick of dark grey, sheared, dark brown to black weathering, recessive
shale. Ripple marks are common througho{;t.

Soft sediment deformation features are characteristic of this forma-

rion; irregular blocks as much as 1 metre- in diameter, usually of lighter

S

coloured sandstone, are often displaced into darker siltstone or into
thinly interbedded siltstone and sandstone (Fig. 32).

The Penguin Cove as described here corresponds to units 3 to 8 of
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Fig. 32: Thin-bedded sandstone (light) and shale (dark)

Fig.

33:

with some soft sediment deformation. Top of Penguin
Cove Fm., south shore of Goose Arm just west of
Wolf Brook. Hammer for scale.

Cross-bedding in thick oolite grainstone, base of
Wolf Brook Fm., south shore of Goose Arm west of Wolf
Brook. Visible layering is produced by thin,
rhythmically graded oolite beds 5 or 6 cm. thick.

The top of each of these beds is dolomitized and
weathers a lighter grey. Hammer for scale.
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the Penguin Cove Formation of Lilly (1961; Appquix F). Suspected age

of the formation is Lower Cambrian since fossils collected from the base

of the overlying WOlf Brook Formation {(described belo%) indicate -an early

Middle Cambrian age.
The'contact with the overlying Wolf Brook Formation is dra;h at the
- N *

first appearance of silty lime mudstone and fossiliferous lime wackestone

beds with abundant, large oncolites.

Wolf Brook Formation (proposed)

The term Wolf Brook Formation is here proposed for 258 metres of
dolostone, limestone, and minor shale exposed along the south coast of
Goose Arm from a spot ca. 320 metres west of Wolf Brook to a small stream
ca. 760 metres further west (Fig. 31).

The basal 57 metres of the formation consist of thick-bedded oolite
and oncolite limestone with a few beds of parted limestone in the lower
part. Oncolite beds are 20 cm. to 1 metre thick, grey weathering, biotur-
bated, and contain sparse trilobite and brachiopod fragments; texture is
that of a lime wackestone. Individual oncolites are consistently 1 or
2 cm. in diameter, buff weathering, and partially dolomitized and, as a
result, weather in relief with respect to the enclosing limestone. In
the lowermost few metres of the section, oncolite beds are thin and inter-
bedded with parted limestone. Highgr in the section, they are interbedded
with, and ofteﬁNgrade up into, ocolite and pisolite (the term "pisolite"
here refers to oolitic carbonate grains greater than 2 mm., as suggested
by Folk, 1867). The lower contact of oncolite beds with colite beds, in
contrast, is usually abrupt. Oolite/pisolite beds are 1 to &_@etres thicE;

-

grey weathering, and of lime grainstone texture. These thicker beds are

”
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.
coméosed in turn of rhythmically graded layers 5 or 6 cm. thick which are
th places cross-bedded. The tops of these &Faded layers are often dolo-
mitic and light grey to ﬂsff weathering, giving rise to a faint banding
(Fig. 33). Scattered peblles composéd of oosparite, up to a féw em.'s
long, are common in these beds,

]
At 57 metres from the base of the formation, the section changes

abruptly to a sequence of thick-bedded, fine- to medium—cryst‘&iifili?i?L//J/
weathering dolostone with Primary depositional textures 1dent12;1 to that

of the underlying limestone, including oncolite and graded oolite/pisolite
beds. Microscopic texture 1é generally inequigranular and xenotoplc

This sequence, 44 metres thick, and the underlying limestone beds (des-
cribed above), are repeated in entirety by a high-angle fault aiong the

south shore of Goose Arm west of Wolf Brook (Fig. 31);' in the writer's
measured section, therefore, units 1 to 5'are equivalent to units 6 to

12 (Appendix K).

The section continues with 38 metres of thick~bedded, grey weathering,
medium- to coarse-crystalline, massive, vuggy dolostone (unit 13, Appendix
K). The only hint of original depositional texture within this unit {s
the presence of poorly preserved oncolites near the top. A high-angle
fault at the top of the unit lig accompanied by localized brecciation and
an increase in dolumite crystal size.

This unit is overlain by the uppermost 118 metres of the formation,™

4 monotonous succession of thick-bedded, fine- to medium—crystalline,
grey and buff weéthering, grey and cream dolostone, in planar laminated
or massive beds 20 cm. to 2 metres thick. Laminated beds often have thin
(less than S mm.), dark brown tolblack, shaly partings and in places

resemble parted limestones. Little texture is apparent in massive dolostone
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beds; a relict "grainy" texture in some beds sﬁggests that many are
dolomitized oolite limestone. In thin section, dolomite crystals are
menotopic and inequigranular; depositional texture is not discernible.

‘The upper contact of the Wolf Brook Formation with the overlying Blue

"Cliff Formation is abrupt and is drawn at the horizon where thick-bedded

~

dolostones of the Wolf Brook change ‘to limestone, dolostone, and shales
of the Blue Cliff.

Fragments of ptyghoparioid trilobites (identified by W.H. Fritz,
per. comm., 1977) and phosphatic brachiopods (identified by A.J. Rowell,
pers. comm., 1977), collected from the base of the Wolf Broock Formation
in beds of bioturbated, onco/itic lime wac&estone, together indicate an
early Middle Cambrian age.

N

Blue Cliff Formation (proposed)

’

The name Blﬁe Cliff Formation is here proposed for 250 metres of
limestone, dolostone, and minor shale exposed along the south coast of
Goose Arm at Blue Cliff. The basal contact with the underlying Wolf
Brook Formation occurs about 1800 metres west of Wolf Brook and the
contact with the overlying SE. George Formation is found about 600 metres
further west (Fig. 31).

The basal 79 metres of the Blue Cliff Formation consist of interbedded
oolitic or cryptalgal limestones and limestone conglomerates, buff to
brownish weathering dolostone, and minor shale iﬁ beds 0.5 to 1.0 metres
thick.

J Oolitic limestones are thick—beddeaA(O.S to 1.0 metre), well sorted,

fine- to medium-grained, bluish grey weathering, and commonly herringbone

cross—bedded (Fig. 34). Texturally, these are lime grainstones or

IO e B B .+ iy VA 8
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Fig. 34: Herringbone cross-bedding in oolite grainstone,

Blue Cliff Fm., south shore of Goose Arm. Hammer
for scale.

Fig. 35: Planar laminated and mud cracked (M), brownish
weathering, fine-crystalline, argillaceous dolostone
capping cryptalgal structures (thrombolites; T) at
base, Blue Cliff Fm., south shore of Goose Arm.
Hammer for scale.
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“medium-bedded, massive to finely lamiﬁated, and occasionally are parted
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oosparites and oointrasparites. Allochem§ are often‘partially dolomitized

and consequently weather in sl}ght relief with a buff to brown colour.

Thin discontinuous layers (a few Em.'s thick) of buff, fine-crystalline

dolostone or dolomitic lime mudstone are present in some oolitic beds.

. '—\Quff to ye&}ow'weathering, cream to light grey, siliceous, micro-
s M .

crystalline dolostone beds are a common lithofacies. These are thin- to

with thin, dark brown to black weathering shale in layers a few mm.'s thick.

Orange brown weatheriﬁg,'ﬁark grey, Qﬁick—bedded, lakinated and mud
cracked dolostones are also common in .this pért of the sect?on (Fig. 35).
From thin éection analysi§, it appears that the distinctive weathering
colours are related to an admixture of clay size argi}laceous material
and opaques; scattered, siltAsize, angular particles of quartz are also
present. Beds, and even individual laminations, with increasing argil-
laceous content are darker in: colour and often sheared.

Columnar stromatolites and thrombolites 20 cm. to 1.0 metde in dia-
meter and 40 to 60 cm. high are found in beds of cross—bedded}lime
grainstone or buff weathering, siliceous dolostone and are frequently
capped by siliceous dolostone or planar 1amina;ed, argillaceous dolostone.

Occasional thin- to mediunm-bedded, ;;orly sorted intraformational
cong lomerates ;re usually found at the base of cryptalgal beds and hag}t—
ually overlie buff, siliceous dolostones. Pebbles are rounded to tabular,
laminated to massive; bIQish grey weathering limestone or buff weathering
dolostone in a limestone matrix.

At 79 metres from the base of the Blue Cliff Formation, 5 metres of

parted limestone and dolostone occur (unit 4% Appendix K). These beds

are distinctive, consisting of thin, lenticular nodules of grey weathering

i
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lime mudstone and buff weathering, fine-crystalline dolpstone embedded

‘ * in-dark grey, sheared, brown weathering shale.

‘ »
The above unit marks an abruypt change to thick-bedded, fine- to ./

SRR

medium-crystalline, grey and buff weatheriung dolostones of the uppermost

- es -

173 metres of fhe Blue Cliff Formation. Dolostgne béds areralternatiyelf

laminated and massive in beds 20 cm. to 2 metres thick. Laminated bggs

are in places argillaceous and brownish weathering; thin (maximum 10 cm.)

beds or discontinuous zones of intraformational conglomerate are seen in

some laminated beds. Massive beds occasionally display poorly preserved ) )
. ' 3

oolitic texture, cross-bedding, and irregular, hummocky bedding suggestive

of cryptalgal structures. Minor beds of oolitic lime grainstone, stromato-

litic limestone, and brown we;thering, dark.grey, dolomitic, pyritic

shale are present near the top of the sequence.

The contact of the Blue Cliff Formation with the overlying St.

Gegrge Formation is arbitrarily drawn where buff weathering dolostone and

brown weathering, dark grey shale change to thick-bedded, chert mottled,

- grey weathering dolostone and is exposed about 1640 metres west of Wolf
Brook, Suspected ageo¢f the Blue Cliff Formation is Upper Cambrian,
~J
- based on its position within the sequence and lithologic comparison with

Upper Cambrian strata at Port-au-Port, but no fossils were found.

St. George Formation (revised)

attne—

The St. George Formation at Goose Arm is thickest, least deformed,

and best exposed on the north shores of Goose Arm from the east side of

Penguin Cove to Penguin Head (Fig. 31). The lower contact with the Blue
Cliff Formation is not found here but is present on the south shore

(described above). Tt is the author's opinion, on the basis of lithologic
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comparison, that beds assigned to the lowermost St. George on the south |

Y

shore of Goose Arm (units 1 and 3, Appendix K) are equivalent to the

lowest beds exposed on the west side of Penguin Cove (unit 1, Appendix L). ~

T o e

The St. George Formation at Goose Arm has a minimum thickness of

472 metres and is divided into 3 lower cyclic, member, of interbedded

g g el

limestone and dolostone, and a middle limestone member, of thin- to

thick-bedded limestone. The following description is of the section on

- s

the north shore of Goose Arm,

. ¥
Lower cyclic member: The basal 46 metres of the lower cyclic member
(see Chapter IX - laterpretation for discussion of cyclicity) comprise

thick-bedded (1 to 9 metres), vuggy, fine- to medium~crystalline, grey

“or buff weathering dolostone in pfanar laminated, massive, or chert- }

~";‘f~\-"“i;ﬂ‘.;¥“r’-" RS P e

mottled beds. Intraformational conglomerate and coarse-grained, well

13

rounded, floating quartz grains are found in the lower part. Original

depositional texture {s unrecognizable but good cross-bedding suggests

-

that these beds are dolomitized lime grainstones.

0 camerfian L

The succeeding 83 metres of section consists of interbedded limestone
and dolostone, in beds 50 cm. to 3 metres thick. Limestones are thin- toO
thick-bedded, grey to bluish grey weathering, and fossiliferous with
brown to black weathering chert common as nodules or #regular mottling.
Two main limestone types are found. Lime mudstone to 1ime wackestone oY
biomicrite beds are Very fine- td& fine-grained and are charaeteristically
mottled with fesistant, light grey weathering, fine- to medium-crystalline
dolomite; this dolomite outlines -ichnofossils and poorly preserved

macrofossils, usually gastropods, on bed surfaces (Fig. 36). Lime mud-

stone beds are less commonly mottled with or have thin partings of brown-

ish buff weathering, microcrystalkine, argillaceous dolomite. Beds of fine-




Fig. 36:
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Poorly preserved gastropods and ichnofossils outlined
by selective dolomitization (light) in limestone bed,
lower cyclic member, St. George Fm., north shore of
Goose Arm west of Penguin Cove. Scale in cm.'s.

Fig. 3%

Bioturbated, dolomite mottled limestone at base
(dark) grading up into massive, mottled, fine-
crystalline dolostone at top (light), lower cyclic

member, St. George Fm., north shore of Goose Arm.
Hammer for scale.



to coarse—grained lime grainstone or biointrasparite are present in the
lower part and often enclose bulbous, columnar thrombolites or stromatolites
of type SH-C. These cryptalgal structures are a few cm.'s to as much as

60 cm. high and generally less than 10 cm. in diameter with thin narrow
channels or '"ladders" of bedded lime grainstone between.

Dolostones are thick-bedded, light grey to buff weathering, and of
two types: (1) planar laminated (on the scale of mm.'s to cm.'s), buff
weathering, microcrystalline, occasionally mud cracked beds, and (2)
massive or mottled, light grey weathering, fine-crystalline to micro-
crystalline, vuggy beds. The contact between grey, mottled limestone
beds and overlying mottled dolostone beds is gradational in places
(s 7a)i

A thick unit (55 metres) of massive, grey to light grey weathering,
fine— to coarse-crystalline dolostone overlies the interbedded limestone
and dolostone described above (unit 5, Appendix L). Chert is common as
nodules and irregular mottling and the dolostone is often brecciated into
poorly sorted, very coarse, angular to subrounded, grey fragments in a
matrix of coarse-crystalline, vuggy white dolomite (Fig. 38), resembling
the "pseudobreccia' texture described by Collins and Smith (1975).

Interbedded limestone and dolostone in beds 20 cm. to 2 metres thick
again appears at 186 metres from the base of the lower cyclic member and
constitutes the uppermost 116 metres (Fig. 39). Dolostone beds are, as
in the lower part of the member, either laminated or massive and mottled
but become more calcareous upsection and generally decrease in thickness.
Limestone beds are sheared throughout, the degree of deformation generally
increasing upsection, and veins filled with coarse white calcite are

abundant. Limestones are of lime mudstone to lime wackestone texture,
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crystalline dolostone in a coarse-crystalline, white
dolomite matrix), lower cyclic member, St. George Fm.,
north shore of Goose Arm. Scale in cm.'s.

Fig.

39: Sheared, recessive weathering limestone beds
alternating with more resistant, blocky weathering

dolostone, lower cyclic member, St. George Fm.,
north shore of Goose Arm.
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sparsely fossiliferous, and mottled with light grey weathering, resistant

dolomite,.
The total thickness of the lower cyclic member at Goose Arm, including
two short covered intervals totalling 8 metres, is 308 metres.
/

Middle limestone member: The middle limestone member comprises

a minimum of 165 metres of massive, highly sheared, dark grey limestone
with occasional beds of resistant, blocky weathering limestones 20 to
50 cm. thick: veins of coars;g white calcite are a‘bundant throughout. .
Limestones are fine-—grained, of mudstone or wackestone texture, and are
commonly mottled wi&p,ci.ight grey weathering, fine- to medium-crystalline
dolomite, Tht;gpmmosr 30 metres of this section is dominated by beds
P N

of hiospariée texture ;\th as much as 80 percent fine- to medium-grained
echinoid fragments.

The section 1s terminated at the top by a gortheast-southwest trend—
ing nqmrma] fault on the south side of Penguin llead (Fig. 31). Reyond
this point the section is highly contorted, faulted, poorly accessible,
and could not be measured. The strata, which make up Penguin Head itself
were assigned to the Table Head group by Lilly (1961; Fig. 31)rbut no
fossils were found to support this suggestion. The presence of buff
weathering, resistant, laminated to massive dolostone or dolomitic ‘l.f’me—
stone beds simitar to those described here in the St. George Formation
suggest that Penguin Head is composed of strata hetter assigned to the
St. George. These beds may be the equivalent of the upper cyclic member
as def'}mﬂd -at Port-au-Port.

The suggested age for the St. George Formition is Lower Ordovician,

based on the presence of large (as much as 5 cm. in diameter), poorly pre-

served macrofossils, usually gastropods, on bed surfaces. This feature

T
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{s cheracteristic of the St. George Formation at Port-au-Port (this thesis).

large gastrop'ods are alsd observed in the Table Head Formation but the
fact that limestone beds with gastrépoﬁ;r aré- interhedded with dolostone

beds leaves little doubt that these beds should be assién:ad'to ti\é‘i't‘

George Formation and are of Lower Ordovician age.

e by

i
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CHAPTER V
BONNE BAY

Location of Type Sections
-

Autochthonous Middle Cambrian, Upper Cambrian, and Lower Ordovician
strata are well exposed, but deformed, at Bonne Bay alon}, the seuth
coast of East Arm (Fig. 40),.

In the coastai exposures from Shag Cliff to South Head, Logan (1863)
recognized divisions D to I of his Quebec Group and assigned a consider-
able thickness of strata, conformably underlying division D and not found
further to the north along the Strait of Belle Tsle, to division € of
his Potsdam Group (heds 10 to 14, Appendix A).

Schuchert and Dunbar (193.4, p.60), later briefly re-examined the
section but found fossils only in division I of the Quebec Group. As a
result, divisio.ns D to I‘ of I,og’an (1863) were reassigned to the St,
George series solely on the basis of lTithology. Beds 10 to 14 of division
€ were suspected to be of Upper Cambrian age but no fossils were found in
these hédq and no name was given to them. Beds | to 9 of ciivi.‘jion 6]
(exposed in Deer Arm) were assigned to the Lower Cambrian l.abrédor series,

Traelsen (1947 b) proposed the name East Arm formation for 162 metres

of limestone, dolostone, and shale exposed along the coast at the head

of Fast Arm, corresponding to beds 10 to 14 of Logan's (1863) division C

and part of the base of division D. Upper Cambrian trilobhites were found

in this unit 114 wetres from the base, and the upper contact with the St.
George group was arbitrarily defined (see Appendix D). The St. George

group was divided into units labelled 1 to S which were said to be exposed in

ascending order from the head of East Arm to Shag CLiff.

Kindle and Whittington 965, p.683) changed the status of the St.
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Fig. 40: Geology of East Arm, Bonne Bay, mainly after Troelsen (1947a) and Cumming (1972),
with changes to stratigraphy by the author.
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George 1in western Newfoundland to that of a formation but did not examine

the section at Bonne Bay.

Continuity and Structural Complications

The East Arm Formation is well exposed at Bonne Bay but the St.
Ceorée Formation is exposed in discontinuqus sections and understanding
of the natural succession within the St. George 1s cnmplicated’by a
number of factors.

First, a considerable portion of the coastline offers only poor or
no exposure, particularly from the base of the cliffs on the east side
of Lomond River to the west side of Lomond Cove, a distance of about 1800
metres, and from Mill Cove westward for about 2500 metres. Second, high~
angle normal faults are common in coastal exposures from Lomond Cove to
Mill Cove and from Norris Cove to Shag cliff (Fig. 40). Folding and west
directed thrust faulting can be seen in seacliffs southeast of Norris
Cove and involve strata of probable Cambrian age. Third, fossils and
good marker horizons are scarce within the thick-bedded limestone and
dolostone of the St. George Formation.

The approach used, therefore, was to examine all ¢xposures along
the south coast of Kast Arm and to map out different units. Based on
knowledge of lithostratigraphic subdivisions of the St. George at the
Port-au-Port Peninsulé, an attempt was then made to piece together the
best exposed and most cont inuous sections available. All available fossil
data was recorded, and limestone gamples were collected in the hope that
they would yvield microfossils.

As a result, the stratigraphy of the Cambro-Ordovician at Bonne Bay
has heen revised based on updated lithologic and sedimentologic infor-

mation and new paleontologic evidence.
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This chapter concerns the thickness, description, and relevant fossil

data for the new stratigraphy.

south Head Formation (proposed)

The South Head Fofmation, as here proposed, includes units 1 to 12
of the East Arm Formation of Troelsen (1947; Appendix D), and consists
of thin- to thick-bedded limestone, siliceous dolostone, and thin-bedded
shale. The formation is 73 metres thick and is exposed at the head of
Fast Arm on both sides of South Head (Fig. 40).

Parted limestones make up the majority of the basal 38 metres of the

formation. Limestones are of lime mudstone texture, grey to hluish grey

D kah) . kP L

weathering, laminated to massive or ripple cross-laminated, and are
interbedded with brown resistant weathering, grey, microcrystalline,
locally silty, argillaceous dolostone in beds 1 to 5 cm. thick (Fig. 41).
Microscopically, this dolostone is equigranular and idiotopic with mean
dolomite crystal size about 0.062 mm. All gradations from lenticular
Jimestone nodules in dolostone to limestone beds with only thin delostone
partings is observed. The section is sheared in places, resulting in
"distortion of limestone nodules and accompanying dolostone interbeds to

a sigmoidal shape. In the lower part of the section, l1imestone beds

are sometimes highly bioturbated, producing thick-bedded, homogeneous,
mottled limestones. Perindically interbedded with the parted limestones

are beds of poorly sorted intraformational conglomerate 20 to 40 em. thick;

pebhles are rounded to tabular, laminated to massive, as much as 7 cm.
long, and occur in a matrix of brownish weathering argillaceous dolomite
or lime grainstone. Lime grainstone heds (intrasparites) often occur as

small, lenticular channels a few cm.'s to a few tens of cm. 's wide in a

B o o




Fig. 41: Thin, wavy to lenticular layers of silty lime mudstone
(recessive) parted with buff to brownish weathering,
argillaceous, microcrystalline dolostone (resistant),
South Head Fm. at South Head. Slight bioturbation.
Scale in cm.'s.

Fig. 42: Lensoid lime grainstone channel in parted limestone,
South Head Fm. at South Head. Lens cap is 5 cm. in
diameter.
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parted limestones (Fig. 42). Discrete, columnargéhrombolites 80 cm. high
and 40 to 80 cm. in diameter occur at the top of this interval. Throm-
bolites are mottled with and surrounded by buff yeliow weatheriﬁg,
siliceous dolostone.

The uppermost 35 metres of the South ftead Formation consist almost
exclusively of yellow to buff weathering, light grey to cream, siliceous,
microcrystalline dolostone. Microscopic analysis of this dolostone reveals
an equigranular, hypidiotopic fabric with dolomite crystal size ranging
from 0.025 to 0.050 mm. Silica is present as coarser quartz crystals
0.025 to 0.375 mm. Anheéral'shape, corroded grain boundaries, inclusions
of fine dolomite crystals, anq rhombic pseudomorphs after dolomite all
suggest that the quartzis diagenetic rather than detrital in origin.

Siliceous dolostone heds exh{bit features similar to the underlyingr
limestone beds. These dolostones are thin- to mediumxbedded, massive to
planar laminated on a mm. to ®n. scale or ripple cross-laminated with
thin partings of dark brown to black weathering shale (less than 3 cm.
thick). Rhomboid and sinuous ripple marks, mud cracks, and large des-
sication polygons are found on tops of some beds; poorly sorted intrafor-
mational conglomerate is often found associated with mud cracked beds
(Fig. 43). In the upper 10 metres, thick beds (0.5 to 1.0 metres) of
massive to laminated siliceous dolostone are'interbedded with grey, buff
or brown weathering, sheared, fissile shales 0.5 to 1.5 metres thick.

Fragments of ptychoparioid trilobites collected from lime grainstone
heds at 10.4 and 21.4 metres from the base of the South Head Formation
are Indicative of a Middle Cambrian, Bolaspidella zone, age (A.R. Palmer,

pers., comm., 1977).

The contact of the South Head Formation with the overlying East Arm
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Mud cracked surface of thin-bedded, yellow weathering,
siliceous dolostone (lower right) and resultant flat
pebbles broken from surface (under hammer) soon after
dessication, South Head Fm. at South Head. Hammer

for scale.
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Formation is abrupt and is arbitrarily drawn at the horizon where thick-
bedded, buff yellow weathering, siliceous dolostones of the South Head
change to grey to bluish grey weathering, parted limestones and lime
gr&instones of the overlying East Arm.

The lowest beds of the South Head Formation are found at the northern-
most tip of South Head, where exposure is terminated by the channel
separating East Arm and Southeast Arm. It is not known what directly
undérlies these beds but thick-bedded quartzose sandstones, of the same
orientation as beds on the south side, are present on the north side of
the channel. These sandstone beds were correlated with the Hawke Bay
Formation by Troelsen (1947 é). Assuming the section is not structurally
disturbed, then an estimated 128 metres of section are missing between

s .
the top of the sandstbne on the north side and.the base of the South
Head Fermation on the south side. The channgl itself may be eroded into
the less resistant rocks that occur at the equivalentjlével in other

sections.

East Arm Formation (revised)

The Fast Arm Formation, as here revised, includes units 13 to 17 of
the Fast Arm Formation of Troelsen (1947 a) plus beds 1 to ¥ of unit 1
of his St. Ceorge group. Even though these latter bheds consist mainly nf
thick-bedded, fine-crystalline to microcrystalline, grey and buff weather-
ing dolostone, their sedimentologic textures can be recognized in spite
of the dolomitization and are much more typical of the underlying East
Arm Formation than of the overlying St. George Formation. These textural
features inctude cross-bhedded oolite, flat-pebble and edgewise conglomer-—

ate, parted dolostones, and heds with huge, hummocky cryptalgal structures.
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The East Arm Formation now comprises 285 metres of limestone, dolo-
stone, and shale exposed cdntinuously at the head of East Arm. The lower
contact with the South Head Formation is exposed along the coast about
250 metres southwest of South Head and the uppermdst beds are exposed at
the base of a prominent talus slope 750 metres further southwest (Fig. ZO).
Since the éeds strike east-west and dip to the south, 230 metres of the
section are repeated along the west coast of Southeast Arm where exposure
is terminated at the top by gravel beach.

The upper contact of the Fast Arm Formation with the overlying 5t.
George Formation igs covered by an estimated 60 metres of talus.

e -

The East Arm Formation may be divided into three 1iFhologically
distinct divisions, informally designated the lower limestone member,
the middle dolostone member, and the upper dolostone member.

Lower limestone member: The lower ]imestone member 1S exposed along
the coast both to the southeast and southwest of South Head where it con=
formably overlies the south Head Formation and consists of 1171 metres of

limestone, dolostone, and minor shale. N

\

Much of the lower limestone member (approximatefx 50% to 60%) con-—
cists of parted limestones gsimilar to those in the lnwér part of the South
Head Formation. Bluish grey weathering lime mudstones, however, Are
often lenticulaf and generally subordinate to enclosing brownish, resis—
tant weathering., argillaceous dotostones or, less commonly, puff weather-
ing, siliceous dolostones. Parted limestones occupy intervals 50 cm.
to 1 -metre thick and are occasionally sheared or hioturhated (Fig. 44 .
Fine cross-lamination, acour-and-fill structures, cmall iensoild chdnnels
of lime grainstone, and mud cracks are common.

Interbedded with the parted limestomes throughout the lower lime-

stone member are heds of colite and oolitic lime grainstone and occasional
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Fig. 44: Bioturbation in parted limestone. Partings and
vertical burrows outlined by buff to brown weathering,
resistant, argillaceous dolostone, lower limestone
member, East Arm Fm., southwest of South Head.

Boot for scale (size 10).

Fig. 45: Large columnar stromatolites in parted limestone,
lower limestone member, East Arm Fm., southwest of
South Head. Hammer at lower right for scale (arrow).



stromatolite and intraformational or edgewise conglomerate beds.

Oolite beds are thick-bedded, dark grey, grey weathering, often
herringbone cross-bedded, and 60 cm. to 2 metres thick. Microscopic
texture is that of a well sorted, very fine- to coarse-grained oosparite
with well formed oolites and well rounded intraclasts, often with thin,
superficial coatings. Ooclites are often partially dolomitized and con-
sequently buff coloured on weathered surfaces.

Oolitic lime grainstone beds (intraocosparites) are 2 to 40 cm. thick,
poorly sorted, grey, fine- to very coarse-grained, and often cross-bedded.
Fragments include oolites, medium- to coarse-grained, well rounded intra-
clasts, very coarse, laminated to massive, flat-pebbles, and scattered,
well rounded, fine- to medium-grained quartz particles; carbonate part-
icles are often dolomitized and weather buff. Microscopic examination
of this lithology reveals that peloids are also common and that intra-
clasts and pebples are composed of silty micrite of pelsparite. Thin‘
fossil hash layers (blointrasparite) a few cm.'s thick are rarely seen,
and are usually associated with thicker oolitic lime grainstone beds.

Fdgewise conglomerate beds comprise subangular to subrounded, often

laminated, tabular pebbles of lime mudstone or silty lime mudstone with

long axes of pebbles as much as 10 em. in a matrix of buff weathering,

microcrystalline, argillaceous dolomite; pebbles are at all attitudes
from parallel to perpendicular to bedding. These beds reach a maximum
thickness of about 40 cm. and pinch out abruptly along strike.
Stromatolites are present at a few horizons in the lower limestone
member. At 29 metres from the base of unit 1 (&ppendix M}, large
b

stromatolites of SH-V as much as 2 metres in diameter and 1.2 metres

high are well developed (Fig. 45). Large columnar thrombolites are also




- 100 -

common and both types of cryptalgal structure are found ;s discrete,
isolated heads in beds of parted limestone, argillaceous dolostone, or
oolitic lime grainstone.

Occasional medium~ to thick-bedded, laminated to massive, cream to
light grey, microcrystalline, buff to yellow dolostone beds, similar to
those at the top of the South Head Fbrmation. are present in the iower
member. .

™

The upper contact of the lower limestone member with the middle
dolostone member is abrupt and is drawn at the horizon where the section
changes to thick—bedded, grey to light grey weathering, microcrystalline‘
to medium-crystalline, massive and planar laminated dolostones of the
middle dolostone member. The lower limestone member corresponds to beds‘
13 to 1/ of the Fast Arm Formation of Troelsen (1947 b). Trilobites
col]e%;ed by Troelson (1947 b) 41 metres from the base were assigned to

the Upper Cambrian Crepicephalus zone.

Middle dolostone member: The middle dolostone member conformably

overlies the lower limestone membher and is exposed along the coast'at the
head of Fast Arm both to the sohtheast and southwest of South Head. This
unit consists of thick-bedded dolostone and minor shale, and is 75 metres
thick. ’
j

Dolostone beds are thick, grey weatherihg, less often buff weather-
ing, grey to dark grey on fresh surface, medium—crystalline to micrncry;/’/
stalline, slightly vuggy with white quartz or dolomite infill, and virtually
always stylolitic. Sedimentary textures are faint but discernible through

the dolomitization and include planar lamination, oolite, intraformational

conglomerate, and stromatolites or thrombolites. In surprisingly few

cases, textures could not be recognized in the dolostone beds, and such beds

[




were simply described as "massive . Cross-bedding is seen in at least
some of these beds, however, and {F’is the a thor's opinion that many are

actually dolomitized volite grainstone. Microscopic texture of the dulo-

stone is xenotopic and varies trom equigranular to inequigranular;
dolomite crystal size ranges from (.03 wm. to 0.40 mm. Only faint outlineg
of original allochems can be seen in thin section.

Thick, often herringbone cross-bedded, volite dolostone, generally
1 to 2 metres thick but rarely as much as 6 metres thick, and planar
laminated dolostone constitute 85 to 90 percent of the middle dolostone
member. Thin scatfered layers of massive, microcrystalline dolostone
] to 5 cm. thick occur in oolite beds; these layers are often mud
cracked and dissociate along the bed into coarse, angular to subrounded
pebbles which float in the colite (Fig. 46). Ooids are fine- to med ium-
grained and well sorted; medium- to coarse-grained, well rounded,

.

scattered quartz particles are infrequently present.

Planar laminated dolostone beds are 20 to 50 cm. thick; laminatlons
Aare planar to irregular, cross—laminated in places, and on the order of
mn.'s to cm.'s thick. Good fenestral texture with white quartz and calcite
infill is commonly developed. Thin, discontinuous, lensoid zones of
flat-pebble conglomerate with tabular, laminated pebbles are sometimes
found within laminated beds.

Beds of poorly sorted, oolitic, pebbly dolostone or oolitic intra-
formational conglomerate 20 to 40 cm. thick are found throughout the

middle dolostone member and often fill channels in underlying beds. Flat-

\\p@le or edgewise conglomerate beds are also occasionally present.

Stromatolites or thrombolites 1 to 2 metres in diameter and 40 cm.

to 2 metres high are common. Both types of cryptalgal structure form
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Fig. 46: Oolitic dolostone with rounded clasts of
microcrystalline dolostone (light). Note mud cracked,
laminated layer at top (just beneath scale); cracks
are filled with darker oolite. Middle dolostone

member, East Arm Fm., southwest of South Head.
Scale in cm.'s.

o
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Fig. 47: Parted dolostone, upper dolostone member, East Arm
Fm., southwest of South Head. Grey weathering
dolostone (light) alternates with brown to black
weathering, argillaceous dolostone or dolomitic
shale (dark). Slight bioturbation. Scale in cm.'s.
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discrete, columnar, hemispherical mounds surrounded by laminated or
oulitic dolostone. The distinction between stromatolites and thrombolites
is difficult to make since internal textures are poorly preserved as a
result ;)t dolomitizatign.

Occasional beds of dark grey, brown weathering, laminated, fissile,
mud cracked, shaly dolostone or dolomitic shales up to 2.0 metres thick
are scattered throughout the middle dolbstone member .

The middle dolostone membher corresponds to beds 1'and 2 of division
1 of the St. George group of Troelsen (1947 a; Appendix D). No fossils
have been collected from this unit by the author or by previous workers.

Upper dolostone member: The upper dolostone member is separated trom

the midéle doloustone member at the head of FEast Arm by a covered interval
of 6 metres. The member is more completely exposed along the coast to
the southwest of South Head and is terminated at the top by a prominent
talus slope leading to the toweringv cliffs on the east side of Lomond
River. Strata comprising these cliffs are assigned to the St. George
Formation on the bas.is of 1lithology, sedimentologic texture, and contained
microfossils; the thickness of the interval covered by the talus slope
is about 60 metres, calculated geometrically:

The upper dolostone member is a minumum 95 metres thick and consists
of thick-bedded, grey and buff weathering dolostcones, similar to the mid-
dle dolustone member, and aburdant parted dolostones. Oolitic dolosf_ones
are common but are generally thinner, on the order of 40 cm. to 1 metre
thick, than ghose in the middle dolostone member; planar laminated
dolostores are rare.

Parted dolostones consist of thin-bedded, wavy to lenticular layers

of grey to buff weathering dolostone 2 to 10 cm. thick alternating with'
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layers of dark grey, brown weathering, argillaceous dolostone generally
léss thaa 2 cm. thick. Ripple cross-lamination and mud cracks are often
present in these beds. Parted dolostones occupy intervals of 1 to 2
metres (Fig, 47).

Occasional beds of stromatolites or thrombolites, intraformatiuvnal
and edgewise ("(.)ngl()merates, and thin-bedded, brown weathering, fissile,
mud cracked shaly dolostone, similar to those in the middle dolostone
member, are also present.

The "upper dolostone member corresponds to bed 3 of division 1 of
the St. George group of Truelsen (1847 a). No fossils have been collect-

ed from this unit either by the author or previous workers.

St. George Formation (revised)

The St. George Formation at Bonne Bay is nowhere exposed in a good

continuous seéction, for reasons previously discussed. Strata assigned

with certainty to the St. George Formation on the basis of lithology

and fossil content, are exposed in 4 separated sections along the south
coast of East Arm. Three lithologically distinct subdivisions can be
recognized, as -at Port-au—-Port, and are designated the lower cyclic
member, the middle limestone member, and the upper cyclic member.

Lower cyclic member: The lower cyclic member consists of thick-bedded,

mottled or stromatolitic limestone and mottled or planar ladhinated dolo-
stone, repeatedly interbedded (see Chapter IX - 'Interpretation for dis- -
cussion of cyclicity; I;“ig. 48).

Limestone beds are 0.5 to 2 metres thick, commonly sheared, grey to
dark grey, thin- to thick-bedded, grey to dark grey weathering, and

generally very fine- to fine-grained, locally with abundant black chert
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Fig. 48: Lower cyclic member, St. George Fm. at Tucker's
Head, East Arm. Lighter beds are laminated,
microcrystalline dolostone or dolomitic limestone.
Darker beds are bioturbated lime mudstone or

wackestone. Cliff is ca. 10 metres high.
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Fig. 49: Upper cyclic member, St. George Fm. at Shag Cliff.
Beds dip steeply to right (westward).



as irregular mottling, as large nodules, or as thin beds. The limestones
may be classified as lime mudstone to lime wackestune or biointramicrite
and often have thin partings (1 to 4 mm. thick) or mottling of brown to
buff weathering, fine-crystalline, argillaceous dolomite. Light grey
weathering, fine- to microcrystalline dolomite mottling is also common
and in places outlines anastomosing ichnofossils on bed surfaces. Poorly
preserved fossils common in the upper part of the lower cyclic member

include gastropods, cephalopods, and brachiopods. Thin (maximum: 5 cm.)

intraformational conglomerate and fossil hash layers ‘intrasparite and

biointrasparite) are often interbedded with the above. Small stromato-
lites of LLH-C type | to 5 cm. in diameter and 4 to 5 cm. high are rarely
present and, in limestone be&s near Tuckers Head, aggregate to form

large mounds up to | metre in diameter and 60 cm. high.

Dolostone beds are 0.2 to 1.0 metre thick, grey to buff weathering,
grey, fine- to microcrystalline, and locally calcareous, particularly:
in the upper part. Planar laminated beds often containvblack chert nodules
elongate parallel to bedding; laminations are on the order of a few mm.'s
thick. Black chert as nodules and as irregular mottling is also present
in massive dolostone beds,

In the cliffs on the east side of Lomond River, 140 metres of the
lower cyclic member were measured (Fig. 40). These strata are separated
from the underly%ng East Arm Formation by a prominent talus slope, dis—
cussed above, and bedding orientation does not change across the covered
interval. Tn a thick, well exposed, but faulted section from Tuckers
Head tb Paynes Cove (Fig. 40) 96 metres of the lower cyclic member are

exposed and are conformably overlain by 51 metres of the middle limestone

member. This section is repeated on the west side of Paynes Cove where
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limestone beds are overprinted by epigenetic dolomitization; the lower o
cyclic member in the latter section is 140 metres thick.
That the section on the west side“of Paynes Cove is the dolomitized
]

equivalent of the section from Tuckers Head to Paynes Cove is supported

by four field observations. First, beds at the top of the section on the

LN P i AR B b 2 -

west\side are dolomite-mottled, sheared, fossiliferous, and equivalent to

O e |

beds exposed at the top of the section on the east side. Second,

sucrosic, vuggy, grey dolostone is interbedded with buff weathering, faint-
;- ly planar laminated, fine-crystalline dolostone in the section on the

west side; on the east side of Paynes Cove, massive, sheared limestone

is interbedded with buff, fine-crystalline laminated dolostone. Third,

A L S gy

the coarse dolostone is streaked occasionally with wisps of white dolo-

mite parallel to the direction of shear in limestone beds. This obvious-
ly diagenetic effect was at first mistaken for primary cross-bedding by
the author. Fourth, coarse dolostone beds locally grade abruptly across
fractures into massivé limestone beds in the section on the west side.

A series of four, gistinctive, extensively chert-mottled dolostone
beds, each ca. 530 cm. in thickness interbedded with grey dclostone beds
were observed near the top of the section in the cliffs on the east side
of Lomond River (unit 3, Appendix M). These beds were not observed in
the sections both east Q;d west of Paynes Cove. The thickness of the ;
lower cyclic member, therefore, is a minimum of 280 metres. '

The lower cyclic member, as here described, includes part of unit 1
(beds 5 and 6), unit 2, and unit 1, and likely part of unit 4 of
Troelson's (1947 a; Appendix D) St. George group.

Conodonts obtained from a limestone block collected at the top of

: the talus slope separating the St. George Formation from the East Arm

3 , P on e an——oi or. o e
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Formation 1indicate a late Trempealeauan age (late Cambrian to early
Ordovician). Conodonts obtained from the lowest beds exposed at Tuckers
Head indicate a Tremadocian age (L.H. Fahraeus, pers. comm., 1977).

Middle limestone member: The middle limestone member consists of

’

thick-bedded, dark grey fossiliferous lime mudstone or lime wackestone
mottled with light grey weathering, fine- to medium-crystalline dolomite.
Poorly preserved, low-spired gastropods 5 to 10 cm. in diameter are
common in this unit at Paynes Cove, as are large, poorly preserved

.

cephalopods and good specimens of the sponge Archaeoscyphia. This

unit, where exposed, is withouf exception highly sheared, fra#etured and
difficult to measure. Veins filled with coarse white calcite and minor
quartz are abundant in the top of the membe; at Shag Clift, with brec-

!
ciation of the limestone takling place along these veins. Here the lime-
stone 1is locallf overprinted by epigenetic délomitization to grey,
sucrosic, -vuggy delostone; dolomitization is closely related to vertical
fractures and faults. Sedimentary textures are extremely difficult to

pick out but brown to buff partings of argillaceous dolomite and mottling

of light grey weathering, fine- to medium-crystalline dolomite are dis-

cernible. In some associated dolostone beds, coarse vugs have shapes

resembling leached fossils.

Fifty-one mecres of the middle limestone member are present in the
seétion at Paynes Cove, as previously mentioned. The uppermost 230 .
metres of the St. GCeorge Formation, including 128 metres of the middle
limestone member and 102 metres of the upper cyclic member are exposed
but faulced at Shag Cliff (FLg. 40) and are overlain by the Table Head
Formation.

Since beds at the top of ‘the section at Paynes Cove are quite
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distinctive In fhat they contain poorly preserved gastropods, cephalopods,

and the sponge Archaeoscyphia, and these beds are not observed in the

section at Shag Cliff, one can reasonably conclude that the middle lime-
stone member is at least 179 metres thick.

This unit corresponds to the upper part of unit 1 of the St.
George group of Troelsen (1947 a; Appendix D).

The only fossils observed in this unit are those at Paynes Cove.

Upper cyclic memBer: The upper cyclic member, 102 metres thick, is

exposed at Shag Cliff (Fig. 49). Here the heds dip steeply to the south-
west and are often sheared or fractured. A short covered interval is
present between the top of the St. George and the overlying Table Head
Formation and the relationship appears to be conformable since bedding
attitudes do not change but a diseonformity, as at Port~au-Port, is a

possibility.

The upper cyclic member is composed of thick-bedded mottled or

stromatolitic limestone and planar laminated, stromatolitic, or mottled
dolostone (see Chapter IX - Interpretation for discussion of cyclicity),
similar to the lower cyclic member.

Limestone beds are 0.5 to 5,0 metres thick, fine-grained, thick-
bedded, grey weathering, of lime mudstone to lime wackestone texture,
and fossiliferous with buff weathering silicified Ceratopea and poorly
preserved low-spired gastropods up to 4 cm. in diameter. Light grey

weathering, fine- to medium-crystalline dolomite mottling is common and

in plgces outlines anastomosing ichnofossils on bed surfaces.

Limestone str‘ﬁatolite beds are 40 to 70 cm. thick, infrequent, and
comprise small LLH-C type stromatolites about 20 cm. in diameter with
good concentric lamination. Good low. relief, convex-upward, discontin-

uous laminations are the only evidence of cryptalgal structures in some beds.
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Dolostone beds are light grey .to buff weathering, fine- to micro-
crystalline, grey to light grey, in beds 0.5 to 5.0 metres thick, stylo-
litic, and often contain black chert as nodules or as thin beds.

Mottled dolostone beds are mottled in light shades of grey to buff;
mottling outlines a pattern on some bedding surfaces srrongly resembling
ichnofdssils.

Laminated beds are of twé types: tine, more planar laminations on
the scale of mm.'s and thicker, more uneven laminations 6n the order of
cm.'s with low-angle cross-lamination. Thin, irregular, iensoid zones
of intraformational conglomerate are locally developed in the laminated
beds.

Dolostone beds are rarely stromatolitic, forming LLH-C type stromato-
lites up to 1.5 metres in diameter and 40 cm. higha

The upper cyclic member corresponds to pnit 5 of the St, George
group of.Troelsen (1947 a; Appendix D).

Specimens of the gastropod Cératogea cf. C. buttsi occur in 1imestqne

beds 40 to 55 metres from the base of the unit and indicate a late, but

not latest, Lower Ordovician age (E. Yochelson, pers. comm., 1977),

The total thickness of the St. George Formation at Bonne Bay is
thus a minimum of 561 metres. The author feels that the thicknesi could
be and indeed should be greater than this value, however, the available

information does not permit the assignment of a more exact value.
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CHAPTER VI

TABLE POINT

Location of Type Sectiunﬁ

along the western coast of Newfoundland north of Table Point (Figs, L, 50)
for a distance of 11.5 kilometres,

At this locality, Logan (1863) identified divisions H and I of his
Quebec Group. These strata were larer'assigned to the st. George serijeg
of Lower Ordovician 4ge by Schuchert apg Dunbar (1934). Kindle and
Whittington (1965) changed the status of the St. George from that of a
Series to that of a formation but digd not examine the section,

Collins and Smith (1975) divided the uppermost |16 metres of the St,
George Formation into three units at the Zinc Lake mine sijite, 10 kilo-
metresg éoutheast of Table Point (Fig. 50; see Chapter 11 - Previous Work).
They suggested that these‘three’units were also present at Table Point

but no formal revisions to the Pre-existing terminology were made,

Continuitz and Structural Complications

The section of the St. George Formation at Table Point ig divided into
two parts by a short covered interval in the small cove into which a stream
flows, here referred to informally as Freshwater Cove, 1500 metres north
of Téble Point (Fig. 50Q), North of Freshwater Cove, the strike of bedding
swings around to parallel the coastline; thick~-bedded St. George dolo-

stones form steep to seaward sloping seacliffs 5 to 15 metres high. The

the highway dip westward, Minor faults angd local 1intense fracturing

.
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disrupt the section and make measurement difficult. South of Freshwater
Cove, beds strike almost perpendicular to the coastline and dip south.
Most of the section is well exposed in seaclifts along the coast but some
parts can only be measured along the shore at low tide where low rellef
and modern littoral marine growths hamper measurement.

The total thickness of the $t. George Formaticn exposed at Table Point
is ca. 125 metres. Two lithostratigraphic subdivlsions, simfilar to those
In areas previously described, can be made: an upper cyclic member and a

middle limestone member.

St. George Formation

[

Middle limestone member: The middle limestone, an estimated 30 to

50 metres thick in the area of Table Point, is exposed along the coast
from just south of Freshwater Cove to a point near the gravel pit north
of Bateau Cove (Fig. 50). Most of the middle limestone member here is a
misnomer as the strata consist mainly of grey to tan weathering, fine-
to medium-crystalline, grey to reddish grey, thick-bedded, vuggy dolostone
with poorly preserved macrofossils and ichnofossils on bed surfaces with
subordinate limestone exhibiting similar sedimentologic features.

Abrupt lateral transition from the thick-bedded, vuggy dolostone to
dark grey limestone 1s found in two widely separated exposures: in a
small cove 2250 metres south of Bateau Cove and on the south side of

3

L
Freshwater Cove (Fig. 51). In seacliffs at the latter spot, the limestone-

dolostone contact is an oblique shear surface (Fig. 52); this relationship

shows that dolomitization is directly related to or postdates tectoni
» .

activity.

Coarse-crystalline white dolomite 1s common in "pseudobreccia' texture
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51: Dolomite mottled, bioturbated limestone (dark, left)

grading abruptly to massive, mottled, fine- to
medium-crystalline, vuggy dolostone (light, right),
middle limestone member, St. George Fm., south side
of Freshwater Cove. Range pole is 1 metre long.
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52: Dolomite mottled, bioturbated limestone (dark, right)

changing abruptly to massive, mottled, fine- to
medium-crystalline dolostone (light, right) across
an oblique shear surface, middle limestone member,
St. George Fm., south side of Freshwater Cove.
Note veins filled with white carbonate. Hammer
head at top center for scale.



A -ns -

(Collins and Smith, 1975), in vertical fractures, or enclosing coarse,
angular fragments of the darker dolostone, forming a truve breccla. This

breccia is assoclated with the vertical fractures and crosscuts bedding,

L e~

in places ac&mpanying minor displacement of bedding.
\ Limestone beds are of lime wackestone to lime mudstone texture, fine~ }A
to medium-grained, grey, medium- to thick-bedded, grey to bluish grey 3:

weathering, burrowed, and fossiliferous. lLimestones are only locally

e

present in the sectlon along the coast; scattered limestone outcrops

bl

are also found along the west side of the highway just north of Deer Cove.
The contact of the middle limestone member with the overlying upper

cyclic member is placed at the first appearance of buff to light grey,

The
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blocky weathering, microcrystalline, planar laminated doclostone.
base of the middle limestone member is not exposed.

The middle limestone member corresponds to the Port-au-Choix Formatioﬁ
dolomites of Kluyver (1975) and the ''dark grey dolomite" unit of Collins

and Smith (1975).

Upper cyclic member: The upper cyclic member, 73 metres thick,

comprises a series of thick-bedded massive and planar laminated dolostones
(see Chapter IX - Interpretation for discussion of cyclicity).
/_\L‘aminated beds are microcrystalline, light grey, and light grey to
~
bu/ff weathering with small scour-and—fill structures and minor low-angle

cross-lamination (Fig. S;B). Laminations are mm.'s to cm.'s thick. Where

-, . :
1)

laminations are convex-upward, particularly at the base, they represent
broad, low relief stromatolites of LLH—C type. Laminated b.eds are 1n=-
_frequently thin~bedded, fissile, recéssive, and argillaceous.

I*hiassive beds are grey to reddish grey, med:fum—crysta]]ine to micro-

crystalline, and commonly bioturbated (Fig. 54). Poorly preserved
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Fig. 53: Planar laminated, microcrystalline, argillaceous
dolostone, upper cyclic member, St. George Fm. at
Table Point. Channel at upper left (outlined) cuts
down into laminations. Hammer for scale.

== - 5T —— = I

Fig. 54: Buff, blocky weathering, bioturbated, microcrystalline
dolostone of the upper cyclic member, St. George Fm.
at Table Point. Felt pen is 10 cm. long.
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gastropods and ichnofossils are occasionally seen on bed surfaces (Fig. 55).
The surprising hardness of some beds, especially at tl;le top of the member,
suggests that dolostone beds are siliceous and microscopic examination
confirms this observation. Where siliceous, dolostones tend to show
increased crystal size (medi.um- to microcrystalline) .  Homogeneous, micro-
crystalline dolostones are also present,'however, and are non-siliceous.
Granule size, angular to subrounded, chert clasts are locally abundant in
siliceous beds.

Microscopic analysis of massive, siliceous dolostones reveals a

.

bimodal erystal size of dolomite with the two sizes distributed in alter-

nating layers ca. 1.0 cm. thick. Finer crystals are equigranular,

hypidiotopic, and 0.008 to 0.016 mm. Coarser crystals are inequigranular,
xenotopic, and 0.03 to 0.15 mm. vAnhedral quartz crystals éomprise 30% to
407 of the coarser crystailine layers. These are mainly of the same size
as dolomite crystals but may be as much as 1.0 mm. A number of textural
features suggest that the quartz is diagenetic in origin:

(1) quartz cyystals are invariably anhedral, except where silica has
replaced dolomite, forming euhedral, rhombic pseudomorphs.

(2) crystal boundaries of quartz a@ften diffuse or corroded.

(3) quartz crystals form an interlocking mos ic with dolomite crystals
of similar size. )
Coarser, angular siliceous fragments {(greater than 1.0 mm.) are

usually length-slow chalcedony; in places these enclose patches of
microcrystalline dolomite in a poikilotopic (Friedman and Sanders, 1967)
texture.

At 20 metres above the base of the member, 5.0 metres of very coarse,

poorly sorted breccia/conglomerate with a matrix of f ine-crystalline

3 - B




Fig. 55: Poorly preserved gastropods and ichnofossils in

fine- to medium-crystalline dolostone, upper cyclic

member, St. George Fm. at Table Point. Hammer for
scale.

Fig. 56: Thick-bedded, buff weathering, St. George dolostones
(light) overlain by hackly weathering, dark grey
limestones (dark) of the Table Head Fm. at Table Point.
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dolostone and minor black shale are present. Fragments are angular to
rounded and 1nc1ude’microcrystalline, light and dark grey, massive or
laminated dolostone and chert. Field relationships indicate that thisg

unit is sedimentary in origin since it rests with apparent relief on an

underlying, planar laminated dolostone bed. Disruption of planar laminacted

dolostones in a similar fashion but on a wmuch smaller scale takes place
higher in the section where laminations are truncated against channels
which cut down into the laminated beds (Fig. 53),

Mud cracks and ripple marks, alfhough Scarce, were observed on sur-
faces of dolostone beds near the top of the meﬁber.

The upper cyclic member corresponds to the “eyclic dolomite of
Collins and Smith (1975) and to the upper cyclic member at other local-
ities described in this report,

The contacp with the overlying Table Head Formation is drawnm at the
abrupt change from thick-bedded, buff, blocky weathering, mic¢rocrystalline
dolostone of the S5t. George Formation to thick-bedded, bluish grey to dark
grey, burrowéd, fossiliferous lime mudstones and wackestones of the lower
Table Head (Fig. 56).

Little or no relief is developed at the contact and no evidence of
subaerial expésure, such as calcrete, paleosols, conglomerate, breccia,
€tc. was observed. The author therefore considers, in the absence of
evidence to the contrary, this contact to be a conformable one,

Graptolites collected near thelLase of the upper cyclic member from
beds of buff, microcrystalline dolostone were identified as Didzgogragtus

(D. Skevington, pers. comm.




Including Schuchert and Dunbar (1934), Nelson (1955), and Collins and

Smith (1975), and all are of similar type.

D. Skevington has recently collected specimens tentatively identified

as Glyptograptus sp. from beds about 60 metres below the St. George - Table

Head contact (pers. comm., 1977). Such forms have never before been
collected from Table Point and indicate an age ranging from latest Arenig
to Llanvirn. 1In North American terms, this discovery means that the upper
part of the St. George here is of latest Lower Ordovician age and may be
as young as early Middle Ofdovician (D. Skevington, pers. comm., 1977).
The presence of these specimens argues strongly against a Lower - Middle

Ordovician hiatus.
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CHAPTER VII e
PORT—AU-CHOIX

? Location of Type Sections

In the Port-au-Choix area, gaod exposures of Lower and Middle
Ordovician carbonates are found along the coasts of the Pointe Rlche and
Port-au-Choix Peninsulas (Fig. 57).

Logan (186j) assigned this section to his Quebec Group, divisions
F to L. Schuchert and Dunbar (103@) later reassigned divisions F to’I
to the St. George series and K to L to the Table Head series. Kindle and
whittington (1965) subsequently changed the status of both the St. George
and Table Head series tO that of formations. Kluyver (1975) raised the
status of the St. George in the Port-—au-Choix area to that of a group
formally divided into three formations with the type section extending
from Barbace Point to Black Point along the northwest coast of the Pointe
Riche and Port—au-Choi% Peninsulas (Fig. 57).

v

| S . . .
Discussion of Previous Terminology

After detailed examination of the St. George Formation in the Port-
au-Choix area (Appendix R, S), the author strongly disagrees with' the
formally proposed subdivision of the St. George “Group' as outlined by
Kluyver (1975; see Chapter II - Pfevious Work) for the following reasons:

(1; Dolomitization of the Barbace Polnt Formation of Kluyver (1975),
defined as a thick dolostone unit, 1s irregular, unpredictable, and of
diagenetic or epigenetic origin., In at least two places in the basal 15
metres at the type section, abrupt, localized, lateral transition from

dolostone to limestone takes place. In addition, strata equivalent to

the Barbace Point Formation at Eddies Cove West (Fig. 57) are not dolostone
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but limestone with occasional stromatolites and the BarBace Point Formation
is indistinguishable from the limestones of the overlying Catoche Formation.

(2) Dolomitization also locally overprints the Catoche Formation of
Kluyver (1975), defined as a thick limestone unit.. At one spot along the
east shore of Back Arm, about 5 kilometres northeast of the village of
Port-au-Choix, some limestone beds change abruptly to dolostone along
strike while underlying and overlying beds are unaffected (Fig. 58).

(3) Kluyver (1975, p.590) cites abrupt, disconformity-like surfaces
within the Barbace Point as evidence of intermittent emergence but no
description is given of these. Little or no criteria suggestive of
emergence were found by the author.

{(4) The uppermost 32 metres of the St. George at the type section
are covered by gravel beach but Kluyver's (1975) measured section gives
no indication of this substantial covered ipterval.

(5) The so-called St. George-Table llead unconformity at Black Point

has previously been placed (Cumming, ,1968; Kluyver, 1975) where dark grey,

burrowed, hackly weathering limestones overlie buff to tan weéthering,
fine- to medium-crystalline dolostones along a surface with apparent
relief (Fig. 59). G.P. Lozej and G.J. Dickey (pers. comm., 1977) suggest-—
ed that this contact 1s In reality a diageﬁetic one produced by past-
depositional dolomitization of limestone beds. An .identical situation
exi;ts on tﬁe southern tip of St. John Island, 9 kilometres to the north-
east in St. John Bay, where limestones of -the Table Head Formation have
been dolo;itized under an apparent thrust plane with well develcped
slickensides (Fig. 60). The dolostones’at Black Point are here consid-. ?l

ered to be entirely part of the Table Head Formation and do not represent

a Lower-Middle Ordovician disconformity.
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Fig. 58: Dark grey, burrowed limestone (dark, right) changing
abruptly to mottled tan and white, fine- to
coarse—crystalline dolostone (mottled, left),
middle limestone member, St. George Fm., along
east shore of Back Arm. Beds are ca. 30 cm. thick.

Fig. 59: Dark grey, hackly weathering limestones of the
Table Head Fm. at Black Point. Lower part is
dolomitized to a light grey to tan weathering,
fine- to medium-crystalline dolostone along an
irregular surface giving the impression of
erosional relief (outlined). Cliff is 8 metres high.



Fig. 60: Table Head Fm. at St. John Island. Epigenetic contact
(outlined) between grey, hackly, burrowed limestones
(dark) at top and fine- to medium-crystalline, light
grey to tan dolostone at base (light). Slickensides
developed along this planar surface suggest that it
may be a thrust fault.

Fig. 61: Typical grey, hackly weathering, burrowed, fossiliferous
limestones of the middle limestone member, St. George
Fm., on the northeast side of Barbace Cove. Note
similarity to Table Head limestones in Figs. 60
and 61. Cliff is ca. 7 metres high.



In the light of these observations, the writer prefers to restore
the status of the St. George at Port-au-~Choix to that of a férmation.
Such a distinction is in better agréeﬁent with subdivisions at the areas
described in the previous chapters of this thesis.

+

The author questioms the mappability of the formations of Kluyver
(1975). The irregular distribution of dolomitization within the Earbéce
Point Formation has been illustrated above. In addition, the dolostones
of the Barsace Point are indistinguishable from those of the Port-au-Choix

Formation of Kluyver (1975). One can foresee problems in recognizing

which of the two units is present in isolated outcrops, especially when

structural complications are involved. The issue is further complicated

by the similarity of the Catoche limestones and the limestones of the lower
Table llead (Fig. 61). Both are burroweé, fossiliferous, Phi"— to medium-
bedded, dark grey, and hackly weatheringr Thig resemblance is emphasized

by the results of Woodard (1957) who erroneously mapped the coastal
exposures from Eddies Cove West to Back Arm as part of the Table Head

Formation.

St. George Formation (revised)

The name St. George Formatlon is here applied to a minimum of 230
metres of limestone and subqrdinate dolostone exposed along the coast from
Eddies Cove West to Back Arm and again along the northwest coasts of the
Port-au-Choix,and Pointe Riche Peninsulas from Barbace Point to Blanche
Point (Fig. 57). -

The upper contact of the St. George Formation with the overlying

-

Table Head Formation is exposed in the cliffs bordering the garbage dump

along the southeast shore of Back Arm, about 1 kilometre northeast of the




’
village &f Port-au-Choix (Fig. 57). Outcrop, upfortunately, is spotty

and there is no visible evidence of relief or disconformity between the
two formations. On the Pointe Riche Peninsula, the St. George-Table Head

contact is covered by gravel beach between Blanche Point and Black Point.

The age of the formation has been well documented by previous workers}a?ﬁ”

-

as Lower Ordovician (Kluyver, 1975; Whittington and Kindle, 1969). §uﬁ¥
divisions of the St. George Formation in the areas described in preceding

chapters can also be recognized at Port-au-Choix, and the section is divid- -
- ‘,’

ed into the upper ecyclic member and the middle limestone member. The =~

lower cyclic member and the base of the 5t. George Formatiqué?e not ex-

-

posed near Port-au-Choix,

Middle limestone member: The middle limestone member, a minimum

220 metres thick, consists of limestone locally overprinted by epigenetic
dolomitization. |

Limestones are thin- to medium-bedded, grey to dark grey, fine- to
coarse-grained, very fossiliferous, bluish grey to dark grey, hackly
weathering, and of lime mudstone to lime wackestone texture. Tchnofossils
are often sbundant on bed surfaces and are outlined by brownish buff
weathering, argillaceous, microcrystalline dolomite (Fig;'62) or fine- to
medium-crystalline, light grey weathering, resistant dolomite. Ichno-
fossils are in the form of horizontal, anastomosing to meandering fila-
ments 1 to.S mm. ﬁhick or as vertical burrows. Large fossils and fossil
fragments visible on bed surfaces include gastropods, brachiopods,

orthocones, trilobites, echinoderm debris, and the sponge Archaeoscyphia.

Interbedded with the above are thin, lenticular beds 10 to 50 cm.
thick of lime grainstone or biointrasparite, in places composed almost
entirely of fossil hash. Charactefistically, these beds gradually pinch

¥

out laterally over distances of 2 to 10 meters. Ichnofossils are rare in
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Fig. 62: Ichnofossils on limestone bed outlined by resistant,
brownish weathering, argillaceous, microcrystalline
dolomite, middle limestone member, St. George Fm.
Hammer for scale.

Fig. 63: Limestone (light, recessive) parted with brownish,
argillaceous dolostone (dark), bioturbated at top,
middle limestone member, St. George Fm., near
Eddies Cove West. Note vertical burrows (B) and
scour—and-fill structures (S). Black box at upper
left is 5 cm. long.
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these layers but symmetrical ripple marks, both sinuous and rhomboid, are

Common. In the interval from 34 to 50 metres from the base of the for-

mation, ripple& lime grainstone beds are particularly common; in this
same interval, interbedded lime mudstone or wackestone beds are often
mud cracked.

Near the base of the section at Eddies Cove West, a few beds of lime
mudstone are parted with brownish weathering; resistant, argillaceous
dolomite and greatly resemble the }‘)\arted limestone of the Cambrian sections
(Fig. 63). I.'Lmestone beds are a few cm.'s thick and are lenticular to
parted. Dolostone layers exhibit fine lamination and low-angle cross-
lamination. Bioturbation is slight and restricted to scattered vertical
burrows .

Thrombolites of diverse sizes, from a few cm.'s to as much as a
metre in diameter, are common in the middle limestone member. These
consist of hemispherical mounds of lime mudstone which weather in low re-
lief on bedding planes and have c.)nly massive, structureless internal
texture.

Stromatolites are found only 1in the lower 30 metres of the member.
Similar types can _be.‘recognized both in the limestones at Eddies Cove
West and in the equivalent dolostone beds at Barbace Point, and are of
two forms: (1) small, branching, digitate stromatolites 2 or 3cm. in
diameter with fine convex-~upward lamination aggregate to form large
hemispherical heads as much as 40' cm. inAdiameter and (2) large structures
of type LLH-S as much as 1 metre in diameter and 60 em. to 1 metre high.
At Eddies Cove West, these‘ stromatolites are In spectacular devélopment

where the surrounding, hackly. weathering limestones have eroded away

leaving only the hemispherical heads in relief on a large bedding




surface (Fig. 64).
A third type of mound-like structure, resembling the reef mounds
of Stevens and Je;mes (1976; pers. comm., '1976), occurs at 130 metres
from the base of the Port-au-Choix section. These are as much as 2 metres
in diameter and over l metre high, are composed of lime wackestone, and

are partially to completely surrounded by dolomite mottled calcarenite.

Dolomite mottling outlines vertical burrows and an apparent cellular

pattern on mound tops. Both the mounds and surrounding facies contain
abundant whole and fragmented fossils.

The lowermost 34 metres of the middle limestone member at Barbace
Point (Barbace Point Formation of Kluyver, 1975) and at least 37 metres
of the top of the member (Port-au- Choix Formation of Kluyver, 1975)
have been overprinted by epigenetic dolomitization. The precise thickness
of the upper dolomitized interval cannot be determined since both top
and bottom of this interval are covered in both sections. Primary depos-
itional features such as gastropod fragments and ichnofossils, similar to
those developed in adjacent limestone.beds, are recognizable in the dolo-
stone (Fig. 65). Both dolostone units are thick-bedded, grey to tan
weathering, grey to reddish grey, vuggy, and fine- to medium-crystalline.
Relict grainstome texture is apparent in dolostone beds associated with
columnar stromatolites near Barbace Point. Microscopic examination of
this dolostone reveals an inequigranular, hypidiotopic to xenotopic
texture with dolomite crystal size ranging from 0.0} to 0.’30 mm .

Four observations support the suggestion that this dolostone is the
eplgenetic type of Friedman and Sanders (1967), localized by post-deposi-
tional structural elements:

(1) The conrac; between this dolostone and adjacent, undolomitized

7
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Fig. 64: Limestone stromatolites at Eddies Cove West,
middle limestone member, St. George Fm. Individual

heads are ca. 50 cm. high.

Fig. 65: Fine- to medium—crystalline dolostone of the upper
part of the middle limestone member at Blanche
Point. Note poorly preserved gastropods and
ichnofossils. Lens cap is 5 cm. in diameter.
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L
limestone is sharp and often perpendicular to bedding. This effect is/
best seen in outcrop on the northeast side of Barbace Cove and in be{s
near Barbace Point.

(2; A northeast-southwest trending fault passes through the dolostones
at Barbace Point (Fig. 57). In contrast, there is no evidence of faulting
in the equivalent, undolomitized beds at Eddies Cove West.

(3) Similar dolostones of the upper part of the middle limestone
member at Table Point, discussed in the previous chapter, are clearly
related to oblique fractures.

(4) This dolostone is closely related to lead and zinc mineralization
at Daniel's Harbour, 50 km. to the south of Port-au-Choix (Fig. 50;
Collins and Smith, 1975). As stated by Friedman and Sanders (1967, p.332),
the association of epigenetic dolostone with lead-zinc deposits is found
in many parts of the world. ‘

Vertical veins and fractures a few cm.'s wide filled with coarse-
crystalline white dolomite are locally developed in the epigenetic dolo=-
stones. Breccia c,ompgsed of poorly sorted, angular fragments of érey
dolostone set in 'coars;e white dolomite is closely associated with these
fractures. Zones of the pseudobreccia of Collins and Smith (1975),
consisting of irregular masses of grey dolostone with diffuse boupdaries
intermingled with white dolomite, are also present. In places, alternating
streaks of grey and white dolomite, usually parallel to bedding, glve
rise to a banded or ""zebra"” texture. Grey dolostone breccia is infrequent-
1y set in a matrix of dax'tk grey, finé—crystalline dolomite.

The middle limestone member, as here proposed, corresponds to the

St. George Group of Kluyver (1975) as exposed along the northwest shores

of the Port-au—Choix and Pointe Riche Peninsulas.

N~
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Upper cxclic member: The upper cyclic member 1s exposed where it

underlies the Table Head FTormation along the _southeast shore of Back Arm
(Figs. 57, 66). The member ; 10 metres ‘chick, consists of {nterbedded
1imestone and dolostone in beds 40 cm. to 1. metre thick.

Limestones are fine—grained, Brey, medium- tO thick-bedded, and
bluish grey weathering. Thinly planar 1aminated beds (on the scale of
mn.'s) of lime mudstone* texture alter(nate with beds of sparsely fossil-
iferous, massive 1ime wackestone mottled with buff‘ weathering, f ine-

crystalline dolomite. Dolostones are fnicrocrystall}ine, 1ight grey, thick-

bedded, buff weathering, and are either thinly pla aminated oT massive

and mottled in 1ight shades of grey.

The contact with the underlying middle limestone member is covered.
The upper cyclic member corresponds to the uppermosft 10 wmetres .of the.

Port—au-Choix Formation of Kluyver (1975) as exposed along Back Arm.
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Fig. 66: Cliffs bordering Port—au—-Choix garbage dump at Back
Arm. Light grey » thick—~bedded, fine- to medium-
crystalline dolostones of the St. George Fm. at
base; hackly, thick—~bedded, dark weathering
limestones of the Table Head Fm. at top. Upper
cyclic member of the St. George Fm. is poorly
exposed between these two behind the trees in the
cliff. Cliff is ca. 16 metres high.
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CHAPTER VI]I
CORRELATION
New formational boundaries within the Cambro-Ordovician carbonate
sequence of western Newfoundland, described in previous sections of this
report; have been drawn using persistent lithologig and sedimentologic
features. These features, plus available fossil data, afe here used for
correlation among the five areas examined in this study (Fig. 67, in
pocket), Sections are also correlated with the preliminary stratigraphic

subdivisions proposed by Knight (1977) for equivalent strata along the

Strait of Belle Isle.

/ Cambrian

The lowest unit described in this study is a thick, distinctlve,
quartzose sandstone recognized in three of the five study areas, as well
as the Strait of Belle Isle; the Degras (proposéd), Penguin Cove (revised),
and Hawke Bay formations are considered equivalent. The only kmown fossils
from this unit are Lower Cambrian trilobites, specifically Olenellus sp.,
collected by Schuchert and punbar (1934, p.34) on the south shore of
Hawkes Bay and by Troelsen (1947 a, b.37) on the southwestern shore of .
Southeast Arm, Bonne Bay. Since the underlying Forteau Formation is of
late Lower Cambrian age, this sandstone unit is likely of latest Lower
Cambrian age (N.P. James, pers. comm., 1977). Trilobites of late Middle
Cambrian age were collected 27 metres above the top of this unit at the
Port-au-Port Peninsula (Lochman, 1938) and from thin shales directly
averlying the quartzite at Hawkes Bay (D. Boyce, 1977); a brachiopéd
and trilobite fauna collected by the author at Goose,Arm ca. 30 metres

above the sandstone indicates an early Middle Cambrian age (A.J. Rowell,

W.H. Fricz, pers. comm.'s, 1977). Two approximate time lines can be
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drawn on the basis of these fossils, one of late Lower Cambrian age
(line 1 in Fig. 67) and one of late Middle Cambrian age (line 2 in Fig. 67).
Thi% data also suggests two possibilities: either the sandstone unit is

~
partially Middle Cambrian in age in the two easternmost sections (Port-au-
Port and the Strait of Belle Isle) or an unconformity exists between the
sandstone and the overlying, dominantly carbonate, sequence in these two
sections.

The most complete ‘section of Middle and Upper Cambrian.strata, in
terms of lack of structural complications, good fogsil data, and exgellent
preservation of sedimentary features, occurs at Port-au-Port. This
section is thkrefore one of the keys to understanding the Cambro-Ordovician
stratigraﬁhy of western Newfoundland. ‘

Biostratigraphic correlations can be made from Port-au-Port to
measured sections further nottﬁ. A Middle Cambrian fauna (digcussed
above) 18 found near the base of the March Point Formation at Port-au-Port,
the Wolf Brook Formation at Goose Arm, and the "Micrite Formation'

(Knight, 1977) along the Strait of Belle Isle. Fragments of ptychoparioid
trilobites collected by the author frém the South Head Formation at

Bonne Bay are indicative of a Middle Cambrian, Bolaspidella zone, age

even through no meaningful names can be put on them (A.R. Palmér, pers.
comm., 1977). Palmer (pers. comm., 1977) emphasized that the Bolaspidella
zone is rather thick and could not suggest where the avgilable specimens
occur within the zone.

Upper Cambrian trllobites from the East Arm Formation were originally
assigned to the Crepicephalus zone by Troelsen (1947 b). Later revisions
in the range chart for Cambrian trilobite genera, however,

(Frite, 1970, p.594) place his collection (including Modocia ép.,

[P
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Blountiella sp., and Blountia sp.?) in the Cedaria zone (see Table IID).

These correlate'vith Cedaria zone trilobites from the base of the Petit

Jardin Formation (Lochman, 1938) and from the gtrait of Belle Isle

(Boyce, 1977). The precise stratigraphic location of the specimens from

the Strait of Belle I1sle is not known; they are thought to be within
‘the base of the "Dolomite" Formation (D. Boyce; pers. coqs., 1977). On
the basis of this data, an approgimate time line of early Upper Cambrian
age can be drawn (line 3 in Fig. 67). No Upper Cambrian fossils have
been collected from Gobse Arm hence it is mot known where this time line
would inferseci the section.

Upper Cambrian Prosaukia zone trilobites (D. Boyce, 1977) were
collected by R.K. Srevens from the top of the Petit Jardin Formation
(Table III); Conodonts collected by the author from the base of the 5t.
George Formation at Bonmme Bay are of latest Cambrian to earliest Ordovician
age (L.E. Fahraeus, pers. COmI., 1977). An approximate late Upper
Cambrian time 1ine can be constructed between these two sections but,
again, not through Goose Arm for want of fossil'data (line & in4Fig. 67) .

Within this biostratigraphic framework, correlation can be refined
on the basis of lithologic and gedimentologic similarities. Beds of
Middle and Upper Cambrian age measured at Pbrt—au—Port, Goose Arm, and
Bonne Bay inariably exhibit the features summarized in Table 1IV.

Middle and Upper Cambrian rocks are characterized by the presenbe
of shales, minor giltstone and sandstone, flaser bedded limestone, abundant
oolite or rainstone, edgegise conglomerate, oncolites, rare
pisolites, discre stromatolites, large thrombolites, ;nd paleocexposure
surfaces (at Port-au-Port). All these features are rare oT absent in the

overlying, mainly Ordoviclan, rocks which are characterlzed by a different’
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Table III Ranges of known western Newfoundland Cambrian
trilobite genera in the North American Faunal Province.*
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TABLE 1V

Summary of Lithologic and Sedimentologic
Features Useful for Correlation

Middle and Upper Cambrian
March Point Fm., Petit Jardin Fm., ——
and equivalents

Lower Ordovician
St. George Formation

Siliciclastics

Parted limestone

Oolite
Intraformational congl.
Edgewise congl. ——————
Oncolites
Pisolites e

discrete
Stromatolites: digitate |- —

LLH —— s
Thrombolites —_—
Skeletal debris e ———— ]
Mottled dolostone - = —
Laminated dolostone 1
Dolomite mottled Tst. e )
Chert —— —
Sponge mounds 1
Exposure surfaces |

RARE COMMON ABUNDANT




agsociation (discussed below).
Beds of the upper Hawke Bay Formation (since reassigned to the
13

"Micrite" and "Dolomite’ formations by Knight, 1977) exposed along the

shores of Hawkes Bay were briefly examined by the writer and show these

same features (Figs. 68, 69).
Finer lithostratigraphic subdivisions within the Middle and Upper
Cambrian are difficult to trace from one section to another due to facies

. ‘
changes but the same basic sequences can be recognized. Although there

are many similarities, the differences between sections are here considered
. ;

significant enough to warrant different formation names in the three
different areas, Port-au—-Port, Goosé Arm, and Bonne Bay.

The secti;; at Port—au—Por;'best illustrates the vertical vari-
ability of the Cambrian. Thin-bedded séquences (for example, the lower
shaly member of the Petit Jardin Formation) repeatedl} alternate(with

[
thick-bedded sequences (for example, the middle dolostone member)of the
Petit Jardin Formation) and these sequences have been assigned the status
of members. Thin-bedded gequences are characterized by the presence of
limestone in thin beds or lenticular nodules interbedded with thin,
fissile, recessive shalé: Occasional thicker, more resistant beds of
oolite grainstone, intraformational conglomerate, or stromatolites occur
within this thin-bedded sequence. Thick-beddgqd sequences, as the expres-
sion implies,-are characterized by thick, planar laminated béds and cross-
beddedvoolite beds and may be either limestone or dolostone.

.

These sequences can be recognized at Bonne Bay and at Goose Arm,

but differ in thickness and character. At Bonne Bay and Goose Arm,

shale in thin-bedded sequences 1is replaced by resistant, non-fissile,

argillaceous dolostone an unmistakably similar texture while limestone




68: Mud cracks on thin-bedded, argillaceous dolostone,
upper Hawke Bay Fm., north shore of Hawkes Bay.

Hammer in foreground for scale.

Fig.

Fig. 69: Stromatolites of type SH-V/LLH-C surrounded by
thin-bedded, mud cracked, argillaceous dolostomne,
upper Hawke Bay Fm., north shore of Hawkes Bay.

Hammer for scale.
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generally occurs only as thin, lenticular nodules or is absent altogether;
thicker beds of oolitic grainstone, intraformational conglomerate, and
stromatolites are more common. Thick-bedded sequences are similar and
can be correlated in a general way. On this basis, preliminary litho-
stratigraphic eorrelation can be made among these three areas (Table V).
Difficulties are encountered, however, in attemptg to correlate the

lower shaly member of the Petit Jardin Formation and the underlying upper
éassive member of the March Point Formation with the lower part of the
Cambrian section at Bonne Bay. Specifically, there is no clear-cut
thick-bedded sequence equivalent to the upper massive member of the

March Point Formation at Bonne Bay. The author suggests two possibilities
to account for this problem: (1) the equivalent unit may be covered by
the channel'between East Arm and Southeast Arm, of (2) no equivalent

i

unit is present as a result of a marked factes change in the Bonne Bay

section. There is also evidence to suggest that a fault is present
Ll

atSmth@d.

Facies changes are to be exﬁected within the sequence since beds at
Goose Arm and Bomne Bay have likely been involved in west—directed
imbricate thrusting, although they are not completely allochthonous
(H. Williams, pers. comm., 1977), and presumably once lay further to the
east. These rocks, therefore, may have been deposited on the outer part
of and closer to the edge of the ancient continental margin (see Williams
and Stevens, 1974) than rocks at Port-au-Port and the Strait of Belle
Isle. This likely accounts for the increased thickness of Camhro-—

Ordovician strata at Goose Arm and Bonne Bay.

Ordovician

Paleontologic evidence indicates that the St. George Formation,
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Table V Preliminary Cambrian lithostratigraphic correlation.

Port-au-Port Goose Arm Bonne Bay
upper upper 43 metres upper
shaly of Blue Cliff dolostone

) member Formation member
£ £
E middle middle 130 metres £ |middle
< dolostone of Blue Cliff < | dolostone

— |member Formation + member

+ (units 5 to 8) o

2

o |Tower Tower 59 metres Tower
shaly of Blue Cliff 1imestone
member Formation member

c|upper upper 203 metres

L-Imassive of HWolf Brook

+imember Formation

©

[n '

S|1ower lower 59 metres

S|shaly of Wolf Brook
= Imember Formation
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as defined here, is almost wholly Lower Ordovician in age with minor
strata of poésible Upper Cambrian age at the base. The St. George can
be readily differentiated using the criteria outlined in Tablé 1v; the
formation is chara;-cterized by mottled and planar laminated, microcrystal-
line dolostone, dolomité mottled 1imestone,' abundant skeletal debris (in
limestone beds), laterally linked stromatolites, chert, and rare sponge
mounds. These features, except for planar laminated dolustone, are rare
or absent in Middle and Upper Cambrian rocks and the transition to the
typical Ordovician depositional style is abrupt.

Where adequate exposure exists, a tripartite subdivision of the St.

George cgn be made. The lower cyclic member consists of interbedded

] fossiliferous limestone and microcrystalline dolostone. The lower cyclic
member is not exposed near Table Point or Port—au-Choix and likely cor-
Orfsponds to parts of the Watts Bight and Unfortunate Cove formations
of Knight (1977) but present descriptiions of these latter units does
not permit a more exact assignment.

The middle limestone member consists of burrowed, fossiliferous
limestone locally overprinted by diagenetic dolomitization and is on the
order .of 200 metres thick; the unit can be recognized in all areas
although incomplete at Goose Arm and Table Point.

The uppexl‘ cyclic member consists again of interbedded limestone and
microcrystalline dolostone or, as is the case at Table Point, simply
dolostone. Species of the gastropod Ceratopea of very similar age
(E. Yochelson, pers. comm., 1977) \-Jere collected from the upper cyclic .

member at Port-au-Port and at Bonne Bay. An approximate time line of

late Lower Ordovician age can be constructed between these two sections

(1ine 5 in Fig. 67). Graptolites recently collected from Table Point by
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D. Skevington (pers. comm., 1977) have been tentatively identified as
Glyptograptus spp., and also indicate a late Lower Ordovician age. On

] .
the basis of this discovery, the time line above (line 5 in Fig. 67)
can be extended to Table Point. All sections are arbitrarily "hung" on
the base of the upper cyclic member (Fig. 67) to emphasize the variation
in thickness of this unit from north to south.

The top of the St. George 1is drawn at the base of the thick, sub-
tidal, basal limestone uni? of the Table Head Formation. This burrowed,
tossiliferous limestone 1is remarkably similar to the ;lxiddle limestone
member of the St. George Formation, but contains an abundant Middle
Ordovician fauna (bihittington and Kindle, 1969). In the past, because
of this similarity, the St. George limestone has been erroneously mapped
as Table Head (Woodard, 1957) and the Table Head limestone has been
erroneously mépped as St. George (Nelson, 1955).

At Port-au-Port, the contact between the upper cyclic merﬂber of the
St. George Formation and the overlying Table Head limestone is obviously
a disconformity, with demonstrable relief of ca. 4 metres, At Goose Arm
and Bonne Bay, the contact is not exposeci. At Table Point and Port-au-
Chpix, the con!:ac:t:~ is clearly conformable, with no evidence of non-
deposition. Deposition in these two areas, therefore, may have been
continuous from Lower to Middle Ordovician. Detailed paleontological
study- of these beds would confirm or refute the presence of‘a definite

bilostratigraphic or chronostratigraphic break.




R

- l46 -

CHAPTER IX
INTERPRETATION
The Middle Cambrian to Lower Ordovician, shallow water sedimentary

succession of western Newfoundland comprises a limited number of basic

lithofacies that appe repeatedly in the stratigraphic successjon, in

systematic vertical series»_ Single series consisting of an alternation of
two lithofacies are here referred to as rhythms while series congisting of
repetitions of more than two }1thofacies are referred to as cycles;
cycles or rhythms are on the order of metres thick. Large scale series,
on the order of tens of metres thick, compris#ng a repetition of a single

type of cycle or rhythm are also develooed. In this study, such series have

generally been designated as members.

Interpretation of the depositicnal envi’ronments represented by
individual tacies is based on primary deposit-ional texture, sedimentary
structures, mineralogy, lateral continuity, position within vertical
sequence, and comparison with modern depositional environments. This
analysls draws heavily on recent major syntheses of research on shallow marine
sedimentation, both clastic and carbonate, such as those by Ginsburg
(1975), Bathurst (1971), Reineck and Singh (1975), and Wilson (1975).

The principle of Walther®s Law of Succession of Facies, which says in
simplest terms that facies sequences observed vertically .are also observed
laterally (Blatt et al., 1972, p. 187}, is indispensible in this
interpretation.

In wastern Newfoundland a Middle Cambrian to Lower Ordovician,
dominantly carbonate, sequence was deposited, possibly disconformably, on a
thick sandstomne unit of 1a;est Lower Cambrian age (Degras Formation, Hawke

Bay Formation, and equivalents). The carbonate sequence illustrates two
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disgtinctly different styles of gsedimentation: Middle and Upper Cambrian
rocks (March Point Formation, Petit Jardin Formation, and equivalents)
are characterized by "high—energy;', subtidal to supratidal lithofacies
with abundant evidence for depositnion in the intertidal zone. Llower
Ordovician rocks (St. George Formation) are characterized by "low-energy",
subtidal and supratidal lithofacies, with few diagnostic intertidal features.

Each of the major litht;facies and criteria used for interpretation of
depositional environments are discussed below.

Cambrian Lithofacies :’

\

Basal sandstone: The Degras, Hawke Bay, and Penguin Cove formations

consist of thick-bedded, well-sorted, well-rounded, quartzose sandstones.
Textural maturity and assoclated sedimentary structures (trough cross-bedding,
mud cracks, and shallow water 1chnofossils,’ specifically vertical Skolithos
tubes) indicate a shallow water environment of -deposition where sands

were subject to extensive reworking. Comparisonrwl"t/h, Recent siliciclastic
marine sands suggests that these formed on offshore barrier bars or

beaches (Swett and Smit, 1972; Swett et al., 1971; Smit, 1971).

Ccarbonate lithofacies: The best exposure and preservation of primary

depositional textures in carbonate rocks is found at the Port—au-Port \,’
Peninsula. Inferior exposure and increased dolomitization at Goose Arm,
Bonne Ba);, and Hawkes Bay locally mask depositional textures but similar
lithofacies can be recognized.

Two large scale megarhythms are evident in the Middle and Upper
Cambrian stratigraphic sections: sequences dominated by thin-bedded limestone
and shale (for example, the lower shaly member of the Marc‘h Point Formation)
or argillacéous dolostone alternate with sequences dominated by thick-bedded

carbonate (for example, the upper massive member of the March Point

Formation) .
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Thin-bedded sequences: Thin beds of lime mudstone and shale or

argillaceous dolostone, referred to in this study as parted limesgtones,
are 1ntérpre{zed as "flaser' bedding (Reineck and wunderlich, 1968) for
the following reasons:’

(1) limestone beds are invariably rippled (usually rhomboid) or
ripple cross-laminated and are occasionally mud cracked.

2) 1nterven‘ing shale ((hﬁr argillaceous dolostone) beds are commonly
mud cracked.

(3) all gradations are observed from thin-bedded limestone with thin
gartings or wisps of shale to subequal amounts of limestone and shale
to scattered, lenticular limestone nodules in shale to simply thin-bedded
shale. A similar gradation is seen at Bonne Bay and Goose Arm where the
shale in thin-bedded segquences is replaced by microc'rystalline, argillaceous
dolostone.

(4) bioturbation is weak to moderate; ichnofossils are locally abundant
in limestone beds, especially where limestone 1is dor;linant.

~ (5) when viewed in thin section, lime mudstone beds are seen to contain

variable amounts orf silt sized opaque heavy ninerals, quartzose sile,
and small diffuse pellets of lime micrite, also of silt size (0.03 to
0.06 mm.). With increasing quartzose silt content, silty lime mudstones Or
pelmicrites (or micrites) grade iocally into calcareous siltstones.

(6) foam prints are occasionally present ‘on limestone bedding surfaces.

These features are remarkably similar to flaser bedding, also referred
to as tidal bedding, developed in Recent siliciclastic sediments on the
t:id.al flats of the North Sea, Germany (Reineck and Wunderlich, 1968), which
c7hsist of alternations of fine gand and silt or mud. The interpretation

Vere ig that, like the siliciclastic counterparts, silty lime mudstone or
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pelmicrite is laid down with the incoming tide as thin, rippled beds.

Shale layers then settle from suspension during high tide, slack water,

and are subsequently exposed and mud cracked when the tide recedes (Fig. 70).
Proportions of shale and carbonate, then, are a function of terrigenous and
lime mud supply, wave energy, and loeation in the tidal zone.

Reineck and Singh (1975) recognize three major zones of accumulation
in modern siliciclastic tidal flats: mud flats (high intertidal), mixed
sand-mud flats (middle intertidal), and sand flats (low 1ntﬁrt1dal).

If this principle is applied to the carbonate facies, then I‘imestone would
theoretically predominate in the low intertidal flat while terrigenous mud
would predominate in the high intertidal flat. This leads to an
idealized shoaling upward cycle such as that i1llustrated in Fig. 71.

Additional evidence supporting an intertidal origin for the parted
limestones comes from the associated lithofacies. Thin—bedd§d limestones
and shales are periodically interrupted by slightly thicker, more resistant
beds 6f edgewise conglomerate, stromatolites, .';nd oolite. 00C351§’!‘$
channels of limestone conglomerate or lime grainstone and large cMar
thrombolites are also found within these sequences.

Edgewise conglomerates_ consist of large, moderately to well sorted,
finely laminated, cross-laminated, or massive, tabular discs of lime
mudstone with long axes as much as 10 cm. in diameter and a thickness of
1 to 2 cm. An obvious source for these fragments 1s the thi‘n-—bedded
limestone and shale with which these conglomerates are interbedded. The
orientation of these flat, pancake-shape fragments at all attitudes from
parallel to perpendicular to bedding, and sometimes 1n a fanlike arrangement,
suggests that they were deposited during short periods of extremely high

tidal or wave ehergy. Some pebbles are slightly bent, but not broken,
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thin-bedded shale*

shale with Timestone
streaks

1imestone nodules in
shale (10 to 50%)

OCCASTIONAL

THICKER
IDEALIZED MORE EEB%STANT
REGRESSIVE e
INTERTIDAL -
CYCLE —
\
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flaser bedded 1imestone
with shale (50 to 75%)

flaser bedded Timestone
(75 to 90%)

*or argillaceous dolostone

-cross-bedded or rippled oolite

-edgewise conglomerate

-channels of lime grainstone or
intraformational conglomerate

-stromatolites (SH-V/LLH-C)

-large, columnar thrombolites

Fig. 71: Idealized cycle within Cambrian thin-bedded sequences.
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perhaps'indicating that these were not cemented when depcsited, as 1s the
case In recent examples (Ginsburg and Hardie, 1975), and instead were
made coherent by air-drying. An origin in tidal channels for this lithofacies,

such as suggested by Wilson (1975, p. 82) is ruled out; beds are lenticular

e

in shape but have a flat base and a convex upward upper surface. An
origin as beach or storm ridges on a tidal flat is postulated.
Occaslonal oolite interbedded with parted limestone 1s found in
\ .

, - : Cambrian sections at Bopne Béy and Port-au-Port. Where present, oolite
beds are generally grey to dark grey, medium- to coarse-grained (0.25 to
1.0 mm.) lime grainstone, in places dolomitic and with scattered intraclasts
of lime mudstone at the base. Ooids.are sphericai, well-sorted, and
multiple-coated; concentric laminations are smooth and form a thick

.coating around the particle. Such "well;formed" (Wilson, 1975) ooids are
considered to be the result of tidal action. Tl.arge, symmetric, sinuous
ripples on bed surfaces and occasional herringbone cross-bedding, both
indicating reversals of depositing currents, strongly support this
suggestion.A Recent o0oids form mainly at bank margins in shallow, agitated
water as shoals, beaches,_tidai bgrs, or tidal deltas (Wilson, 1975;

Ball, 1967; Loreau and Purser, 1973). The thickness of beds in this case,

R e

never exceeding 50 cm., and the association with intertidal mud flats

suggests an origin somewhat similar to the thin, extensive, rippled,

.

intertidal sheets developed along open coastal embayments and adjacent
beaches of the Persian Gulfe (Loreau and Purser, 1973). An alternate

possibility is that they formed as elongate tidal bars in the lee of islands,

TR Ay Brga el o

as in Recent Persian Gulf examples (Loreau and Purser, 1973). Both

§

modern occurrencesof oolites are found in a maximum water depth of 5

metres and are relatively thin accumulations, never exceeding 2 metres in

i g " R A
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thickness.

Stromatolites in thin-bedded sequences are often surrounded and i
’iapped by parted lime;tone and shale. These show a’great variation in
size, from small hemispheroids 20 to 40 cm. in diameter to larger forms
1 to 2 metres in diameter énd, in oné rare case, 16 metres in diameter;
height ranges from 20 to 80 cm. Generally, smaller forms are of type
SH=V/LLH-C (Logan et al., 1964). Forms similar to both the above
types are developed in modern carbonate environments on exposed, intertidal
flats or headlands (Logan et al., 1964; Logan et -al., 1974). The field
evidence from western Newfoundland suggests that size may be related
to pogition in the intertidal zone: smali stromatolites are found where
shale predominates, im lenticular bedded limestone and shale (high in the
{ntertidal zone) while larger stromatolites are found where limestone
predominates, in flaser bedded limestone andbshale (low in the intertidal
zone) . Stromatolités of type SH—V/LLH*C, therefore, are probably
related to a lower energy regime than those of type SH-V.

Large cryptalgal (“hidden" aigae) hemispheroids which Lack iamination
éfe here referred to as thfombolites, following the ;efﬁiﬁology of Altken
(1966). These show the same gradation in g%;e/aha same general relat lonship
to bedding as the sfromatolites deggpiﬁég above and so are also interpreted
as an intertidal lithofaczgsa’/E;QDmbolites differ from the stromatolites

-

P v
in that flat pebblgLedgewise conglomerate is often found at the base bf
e

larger, sélig;r{tthrombolites. It seems that algae-were first established
// . p

on a sgaﬂfioor irregularity elevated from the surrounding sediment
’éﬁrface, in this case small mounds or ridges of edgewvise conglomerate. //////!
This mechanism has been suggested for the formation of modern algal

stromaﬁolites (Logan gg_gl., 1964).

o g i —— P
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Occasional, centimetre to decdimetre scale, lensold beds with planar
tops and irregular to gonvex lower surfaces that cut down into
underlying thin-bedded limestone and shéle are Interpreted as small tidal
channels. These are filléd with poorly sorted lime grainstone or
conglomerate composed of coarse, rounded/tabular, laminated to massive
pehbles of silty lime mudstone. Individual pebbles locally show evidence
of intermittent exposure; rounded pebbles are cracked and brecciated
into smaller, angular fragments. Such features are also observed in
modern intertidal channels (Shinn et al., 1969; Hardie, 1977).

Based on modern and an;ient examples of tidal flat deposits and
simple application of Walther's Law, an attempt is made to interpret
the idealized, thin-bedded, vertical sequence (Fig. 71) In terms of a three
dimensional model (Fig. 74). It is.the author's opinion that the resistant
beds which interrupt parted limestone series are not part of a cycle or“
rhythm per se but Trepresent episodic events such as storms (edgewise
conglomerate) or optimum environmental conditions (stromatolites).

The importance of "storm deposition" in modern tidal flats has been
‘emphasized by Hardie (1977). Jones and Dixon (1976), in a study of a
similar sequence of Upper Silurian age, present statistical evidence
(Markov Chain Analysis) proving that s;ch beds are random events. Attempts
to place the tﬁicker, resistant lithofacies within any type of cycle,

therefore, are completely subjective.

Thick-bedded sequences: Lithofacies within thick—bedded‘sequences

differ from those in the thin-bedded sequences. Thick-bedded sequences
consist of repeated, shoaling upward, carbonate sand cycles, as illustrated
in Fig. 72, and are best developed aleng, the scuth shore of the Port-au-

Port Peninsula. [

g
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Fig. 72: Idealized cycle within Cambrian thick-bedded sequences, Port-au-Port.
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Poorly sorted, oolitic peSble conglomerate forms the base of individual
cycles. Concentric algal br oncolite coatings on some pebbles, although
not always present, are an important clue in interpretation; such structures
in modern carbonate environments characteristically form in ‘the subtidal
zone (Logan et al., 1964; Bathurst, 1971). These beds are interpreted
as a basal transgressive lag.

In places, beds of dark gray, fine- to medium-grained, well sorted
oolite with large, ass;mmetric Fipples overlie the conglomerates. The
location within the cyclé:indicated a subtidal origin.

Conglomerate Of oolige beds are overlain by thick beds of:well sorted,
med fum- to coarse’érained, well ‘rounded intraclasts and vwell formed"
oolites with scattered, much coarser, rounded pebbles of lime mudstone .
Herringbone cross-bedding is very common and provides good evidence for
reversals of depositing currents (Ginsburg, 1975). Thin layers of
mud cracked lime mudstone within these beds indicate periods ok intermitfent
exposure and provide a source for the anrse pebbles. Lime mudstone
layers probably represent short periods of shoaling when oolites build up
to high tide level. On the basis of.these features, an origin a; shallow
subtidal to intertidal sandvshoals with supratidal caps is proposed.

Oolitic sands are capped by beds ofylaminated_to massive lime mudstone.
Mud cracks and brecciation of the upper surface is common and contriéute

fragments to the pbasal lag of the overlying cycle. FEvidence of subaerial
exposure i; locally developed and includes fragments coated with thin,
dark brown, calcite laminations of apparent {norganic origin, irregular
brecciation, numerous fine fractures and fissures, laminar crusts,
calcrete (N.P. James, pers. comi., 1976), and accompanying relief of as

much as 40 cm. These beds are interpreted as supratidal caps to the

underlying oolite shoals and are invariably overlain by oncolitic
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N |
conglomerate of the base of the overlying cycle.

Cross—-bedded oolite gands are sometimes replaced in_the cycle by beds
of stromatolites 20 to 50 cm. thick. Stromatolites are 40 to 60 cm. in
diameter and are 1dentica_1 to those in thin-bedded sequences (previously
describeds. Shale beds thicken in the presence of and cap stromatolites.
A "low energy” intertidal origin is suggested by the form of stromatolites
present and the incyease in shale content. A protected environment
adjacent to, and probably behind, the oolite shoals is postulated.

At Goose Arm_ and Bonne Bay, numerous similarities to Port-au—Port
are obvious but differences are evident in cycles and lithofacies.

Cycles siu,.ilar to those described above appear to be developéd in
thick-bedded Q‘;)ldstones at Goose Arm and Bonne Bay. Cycles of élighcly
different asfect are found in the basal 74 metres of the Blue Cliff
Formation aj.é Coose Arm, as jllustrated in Fig, 73.

L

'I"hese cycles, where complete, commence at the base with the appearance
of cc;z;rse, poorly sorted limestone conglomerate with rounded pebbles of
lime mudstone. Unlike the corresponding lithofacies at Port—éu-Port,
algf’l coatings were not found on pebbles.

Conglomerates are owerlain by fine- to pmedium-grained, well sorted,

. herringbone cross-bedded oolite, interpreted as a "high-energy' intertidal
lithofacies. In contrast to Port-au-Port, these beds are thinner and
often enclose columnar stromatolites or thrombolites; such features are
also’ found in the lower part of the East Arm Formation at Bonne Bay.
These cryptalgal structures are clearly also of “intertidal ofigin._

The above oolites and stromatolites are overlain by buff t<; yellow
weathering, creém to light grey, thick~bedded, siliceous, microcrystalline

dolostone, which often occurs between columnar cryptalgal structures;

primary depositional textures are poorly preserved in these beds. An

¥
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Fig. 73: Cycle within Cambrian thick-bedded sequences, Goose Arm.
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early, pénecontempoténeous origin for the dolostone is suggested by field
rélationships: the dolostone and associated stromatolites or thrombolites
are 1locally truncar.ed' by beds of limestone conglomerate (heralding the
start of a new cycle).

Cycles are most frequently capped by brownish weathering, planar
laminated (mm. to cm. scale), mud cracked, silty/arg_iliaceous dolostone

which locally rests directly in cryptalgal structures. This lithofacies .

is also developed at Bonne Bay where it contains scattered lenses of

bluish grey weathering lime mudstone, representing lenticular bedding, and
it is therefore interpreted as having formed high in the intertidal zone.

A model for thick-bedded sequencesﬁ is illustrated in Fig. 74. The
Port—-au-Port type cycle is thought to have formed barrier shoals or
islands that were intermittently emergent. The Goose Arm type cycle is
thought to have fomed~in the lee of these shoals.

A congpicuous rhythm in the Goose Arm section, found at the. bafse of
the Wolf Brook Formation, consists of graded oolite/pisolite lime
grainstone alternating with beds of well sorted oncolites in lime mudstone
(these textures can also be recognized where dolomitized). Oncolite beds are
bioturbated, with sparse fossil fragments, and are clearly a subtidal
facies. These rest with abrupt contact on the interbedded oolite.

The origin of grading in oolite beds is problematical since graded
beds in shallow water sequences are thin, sclitary, and sporadic
(Reineck and Singh, 1975) yet these beds at Goose Arm compriée the
majority of the basal 100 metres of the Wolf Brook Formation. Individual,
regularly spaced graded beds range from 5 mm. to 6 cm. and comprise units
1 to 4 metres thick. Grain size in graded beds decreases gradualiy

upwards and there are no fines in the lower paArt; such beds are thought
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to form by deposition from gradually waning currents (Reineck and Singh,
1975). Minor, large scale cross-bedding involving a number of graded
beds is locélly developed. Scattered intraclasts of oolite indicate
early cementation.

The regularity and thickness of these beds indicates that they are
not episodic or storm deposits but are the result of a more regular rhythm.
The association with a clear subtidal lithofacies suggests a subtidal

. origin. Since no clear modern analogue e;(ists, one can only speculate

’ on mode of formation. One possibilit¢ is that these are "detrital”

oolites rapidly transported into deeper water from an adjacent ‘intertidal
&oal. Another is that these formed as foreset beds in a tidal delta.
Neither case has been documented in the literature. Kledin (1965) studied
thick graded oolitic beds in the Middle Jurassic Great Oolite Series of
England an;i suggested that the graded beds formed by repeated regression of
high tidal flar sediments over low tidal flat sediments. This theory,
however, would not account for the large scale cross~bedding found at Goose
Arm.
Discussion
Middle and Upper Cambrian lithofacies in vertical sequence record the
! transition, in a shallow marginal sea, from nearshore siliciclastic
sedimentation (Hawke Bay Fm. and equivalents) to mixed carbonate-siliciclastic
nsedimentation (thin-bedded sequences) to carbonate sedimentation (thick-
bedded sequence‘s). Application of Walther's Law (Blatt et al., 1972)
suggests that, since there are ‘no obvious major breaks, this vertical

Sequence represents the horizontal facieg distribution, and so three

major facles belts were deposited parallel to the ancient shoreline and

§ adjacent to each other, as follows:

.
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1. a belt of terrigenous sand deposited as ‘beaches or tidal bars,
active in. Lower Cambrian time but likely greatly‘ co’nstricted in Middle
and Upper Cambrian time by regional transgression (there is no Middle and
Upper Cambrian record of this unit in Newfoundland).

. 2. a mixed carbonate-clastic tidal flat belt with well developed
tidal bedding, edgewise conglomerates, columnar stromatolites, and some
oolite (thin-bedded sequences) . |

3. a carbonate shoal belt with cross-bedded oolite, oncolitic con-
glomerate, and planar laminited calcilutite, which was intermittently
emergent, as evidenced by the presence of calcrete, erosional relief,
mud cracks, etc... (thick-bedded sequences).

Evidence for these three facies belts exists from Po?t-au—?ort in the
south to Hawkes Bay in the north,. a distance of 1:00 km. The alternation
of thin-bedded units with thick-bedded units in vertical succes;sion,
‘particularly well illustrated at Port-au-Port, represents lateral migration
of these facles belts alt':ernately seaward and cratonward with time during
minor transgressions and regressions.

This coﬁcept is not unlike that developed by Palmer (1960) for the
southern Cordillera and later adopted by Aitken (1966) for the Canadian
Cordilliera to simplify Cambriam stratigraphy and palecgeography.

Present data do not permit estimates of the width of any of these
- facies belts; the model is based on-four sections, of which the easternmost
two (Bonne Bay and Goose Arm) are structurally shifted westward with an
usnknown displacement. It is significant, however, that thin-bedded limestone
and shale 1is m;:ch less abundant at Goose Arm, suggesting that the tidal

flat belt dies out eastward toward the carbonate shoal compleX.

. A simple, diagrammatical, depositional model for western Newfoundland

PR i
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during Middle and Upper Cambrian times is illustrated in Fig. 74.
Two sources are proposed for the terrigenous material found on the tidal

flat complex:

Sand, silt, and clay may be blown -seaward from a nearshore source onto
the tidal flat anod reworked into tidal bedding. Quai'tz sand particles,.
although rare, seem tc;'support such a suggestion. These are found as
scattered grains "float}iﬁg-" in carbonate cement or matrix (for example, .thin
beds near the top of the middle dolostone member of the Petit Jardin
Formation); grains are typically very well-sorted, very well rounded, and
frosted., The volume of siliciclastic material in general, however, argues

against wind transportation as.the sole source.

Much more likely 1s a mechanlsm whereby siliciclastic material. is
redistributed from delta systems by longshore currents. The finest
material would most easily be transported in this manner and recycle;i
onto tidal flats as tidal bedding‘. There is no direct evidence of
deltaic sequences in the Cambrian but the tidal flat complex and rimming
sand shoals most certainly were 1o.ca11y breached by river systems since
the bulk of material in the contemporaneous Humber Arm Group 1s interpreted
as westerly derived deep water flysg_h (Stevens, 1970).

. Surprisingly,. there are no Cambrian lithofacies diagnostic of a
lagoonal envifonment other than the biloturbated oncolite mudstones near
the base of the‘ Wolf Brook Formation at Goose Arm and moderate bioturbation
in parted limestones of the lower East Arm Formation at Bonne Bay. The
lack of a continuous lagoon behind the barrier islands would greatly

restrict the movement of longshore currents behind the barrier due to the

shallow water depths of the intertidal flats. Longshore currents

, operating outside the carbonate sand shoals, therefore, may have been more
r
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impor tant in transporting siliciclastic material along the continental
margin and this material was prc;bably carried back behind the barrier
through tidal channels. .

Even though little or no evidence has been found for a subtidai,
lagoonal environment in Cambrian sections at Port-au-Port, Goose Arm,
and Bonne Bay, the possibility should not, by any means, be ruled I'Out:.
As illustrated in Fig.74, the tidal flat environment may be laterally
equiyalent to a. lagoonal envirpnment and tranégression can theoretically

produce a section with no record of the‘adjacent subtidal environment.

Ordovician Lithofacies

. Lower brdovician 1ithofacies are in the form of two megarhythms
formed by two different 1ithofacies patterns:

@] distinctly cyclic.carbonate; comprising aumerous shoaling
upward cycles, grading from subtidal limestone to mottled
dolostone to planar laminated, occasionally mud cracked,
supratidal doloétone (lower cyclic member and upper cyelic
memb~er of St. George Fm.) .

(2) thick sections of dark grey, thin- to nedium-bedded, often
hackly weathering, fosgiliferous, gubtidal limestoneé (middle
limestr;pe member of St. George Fm.; basal limestone of Middle
Ordovician Table Head Fm.) locally overprinted by epigenetic
dolomitization. ' R

Subtidal limestones within the carbonate cyé:les and within the thick

limestone units are virtually jdentical. Abundant evidence of marine.
linvertebrates in these mieritic limestone beds, ptovidéd by extensive

bioturbation and fossil debris, coupled with a paucity of intertidal

features and sedimentary structures indicative of "high-energy" conditions,
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indicates conclusively that these limestones developed in a "low-energy'",
subtidal, likely lagoonal environment. Both irregular, pervasive, inter-
connected, vertical burrows and horizontal, meardering to anastomosing,
ichnofossile (a few mm.'s to cm.'s in diameter) on bed surfaces are
abundant. These ichnofossils are outlined by fine- to medium-crystalline,
light grey weathering dolomite or buff weathering, fine-crystalline,
argillaceous dolomite, respectively. This selective dolomitization may
be relqtedlto a .difference betwéen~burrow fill and adjacent sediment
(in porosity, Eh, pH, or organic content), as suggested by Kennedy (1975),
such that burrows acted &s loci far dolomitization.

Ichnofossils in Lower Paleozoic carbonate rocks have been little

studied to date but comparative trace fossil assemblages to exist in

-

\ both terriginous and carbonate rocks and are related to comparative ranges
of environments (Kennedy, 1975). The distribution of trace fossils in
shallow marine environments seems, in most éasea to be strongly related
to depth (Seilacher, 1967; Rhoads, 1975): -vertical burrows dominate in
very shallow subtidal io intertidal environments while horizontal trac;s
dominate in shallow subtidal areas. As stated by Frey (1975), however,
this relationship is not entirely unequivocal and caution should be
exercised pending additional studies.

Thin, lensoid lime grainstone beds, often rippled, consisting of
fossil hash (including whole, fragmgnted, and abraded particles), rounded,

fine- to medium-grained micrite intraclasts, and ﬁeloids, are common;

ichnofossils are notably absent. This texture likely represents an

;
4
1

increase in wave and current transport energy, as suggested by Howard

(1975). ) -

These interbedded lime mudstone and grainstone layers resemble the
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gubtidal muds and winnowed sand lemses (or blanket sands) found in
platform’interior lagoonal environments of the Bahamas (Ball, 1967). In
thé modern example, carbonate sand layers are thought to represent
reworking by large storms.

Both stromatolites, consistently of type LLH, and discrete thrombolites
are common in the 1imestone but show great variation in size, from a few
cm.'s to a few metres i{n diameter. These are generally gmaller than
corresponding cryptalgal structures of the Cambrian sections. Both types
of structures are here interpreted as having formed in the subtidal
zone since they are found within beds of subtidal liaestone,-as described
above. Studies of modern stromatolites indicate that LLH type stromatolites

form in prOCected area of low turbulence (Logan gg'gl., 1964; Logan et al.,

—— i

1974) . "\l

Rare mound-like gstructures a metre or more in height and metres toO
tens of metres in diameter are seen in all sections. Thesa, broad, hummogky
mounds are recognized by a "ca@llular"” pattern on bed tops and a radiating
pattern in cross—seqtion} outlined by dolomite and silica mottling.
Extensive bioturbation, fossil debris, and a "muddy" texture imply a
subtidal origin. Aﬁ the same time, it appears that these mounds formed in
a "high-energy" of turbulent environment since ﬁhey are characteristically
surrouhded by thick~-bedded, oftem dolomitized, skeletal carbonate sands.
Stevens and Jjames (1976) suggest that these are reefs built b; colonial
sponges OT sponge-like organisms-which had -the ability to construct wave
resistantustructures. The ubiquitous occurrence of the sponge Archaeoscyphia
in ‘these mounds lends some support to this proposal.v The easternmost .
outcrops of Lower Ordovician strata in westermn Newﬁnundland occur at

Hare Bay (Fig. 1) and here the section, at least 120 metres:%a&ck, is

composed entirely of these mounds (N.P. James, pers. comm.; 1976). These
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mounds represent "high-energy' buildups at or near: the edge of a carbonate
platform (Levesque et al., 1977). They are rare in the westerly ocutcrop
areas; no more than one or two horizons are found in each of the measured
sectioné in this study.

Within the cyclic parts of theALower Ordovician sectioms, subtidal
limestone beds} 50 cm. to 3 metres thick, form the base of individual
cycleéﬁ A single cycle is generally 3 or 4 metres thick; the comﬁlete
cycle, illustrated in Fig. 75, 1s rarely preserved.

These dolomite mottled, biotugbated limestone beds are overlain with
an abrupt but gradational contact by‘zhick beds of massive, mottled, fine-
érystalline to microcrystalline dolostone 20 cm. to 3 metres thick.
Mottling in these beds 1s interpreted as bioturbation and an origin in

subtidal to intertidal ponds on a tidal flat is postulated, similar to

modern Bahamian examples (Hardie, 1977; Shinn et

1., 1969).

——

¢ Mottled dolostones are capped by, and in some cases grade up into,

light grey to buff, laminated dolostone. Laminated dolostones are
microcrystélline, and generally 20 cm. to 2 metres thick; two types are
distinguished: thicker laminated beds (cm.'s) in whigh laminae are planar,
uneven, and non-parallel and thinner laminated beds (mm.'s) in which laminae
are even and parallel. Both are occasionally mud cracked. The fine
crystal size and lack of replacemen; textures suggest that the dolostone

is a syngenetic (penecontemporaneous) type (Friedman and Sanders, 1967).
The lack of any lafgeISCale crogs-lamination, thickness and continuity of
the lamifae, and subtle crystal size changes from lamina to lamina

indicate periods of infrequent flooding from gentle currents. A primary -°
or detrital origin for the dolomite, such as suggested by Wanless~<1975)

for laminites of the Grand Canyon Cambrian, is ruled out; there are no
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Fig. 75: Ordovician carbonate cycles.
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associated detrital grains of pellets oOr quartz silt. Similar textures

in modern carbonates of the Bahamas form on supratidal levees (mm. lamina-
tions) orT on levee backslopes (cm. laminations) which receive sediment by
overbank flooding of sediment 1adeﬁ waters during sporadic of fshore storms
(Ginsburg and Har&ie, 1975).

Within the ca}bOAaté cycles {llustrated in Fig. 75, any of the four
main components may be absent. Subtidal limestones are commonly overlain
by thinly planar laminated dolostones, mottled délostones may be overlain
by thinl? planar 1amin§£edvdolostones, and, in some cycles, thinly

1aminated dolostomnes or subtidal limestones are .absent. At Table Point,

cycles within the upper cyclic member consist entirely of dolostone, in

massive, bioturbated, and laminated beds.

Diagnostic intertidal feature§ within the Loﬁer Ordovician rocks, such
as ripple marks, mud cracks, fenestral texture, a;d tidal beddimng, are
generélly uncommon and isolated. Intertidal facies, therefore, cannot
be differentiated from subtidal facies mainly as a result of the low
energy regime. Cores made through modern tidgl flats of the Bahamas
(Hardie and Ginsburg, 1977, P. 119) bear a striking resemblance to the
vertical sequence in Ordovician cycles. A thin layer of thin-bedded
1imestone {ca. 50 cm. thick) rests unconformably on Pleistocene bedrock
and is overlain by 1.5 ;o 2 metres of homogeneous, bioturbated, foésiliferouS,
pelleted, lime.mud, capped in turn by thin (10 to 30 cm. thick), planar
laminated layers of levee crésts, beach ridge crests, and levee backslopes.
Diagnostic'intertidal criteria as outlined by Gindburg (1975) are poorly
developed or absent, and the intertidaf zone 1s occupied by thickly
1aminated facies of the levee backslope oT bioturbated lime mud, suggesting

a close analogy between Bahamian tidal flats and the Lower Ordoviciaa of
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western Newfoundland.
Dis&usgion

. L.

Qrdovician carbonate cycles are assymm?tric and essentially
regressive, representing repeated,vshoaling upward events on a tidal flat.

!
A number of interdependant factors combine to produce these cycles and
among the most importanﬁ are:

(1) Dolomitization. polostone of syngenetic or penegonteﬁporaneous
origin 1s an essential part of the cycles. Laminated, supratidal
lithofacies are invariably dolomitized while dolomitization of mottled,
bioturbated, subtidal and intertidal lithofacigs is sporadic. Mottled beds
in successive cycles are often either dolostone 6r limestone but in places

both are present and mottled dolostones overlie mottled lipestones with
a,gradational, horizontal contact (Fig. 21). It seems, therefore, that

in successive cycles, dolomitization affected sediments at varying depths
from the sediment-water interface. This hypothes}s, based only on fiela
observations, is difficult to prove mainly because 'most Holocene éolomite
cccurrences are restricted to the supratidal zone in marine environments
(Zenger, 1972). Studies of modern dolomjite examples (1lling et al.,

1965; Shinn et al., 1965; Shinn, :1968) suggest that with the development

of dessication iqrthe supratidal zone, superficial layers of carbonaée
sediment are dolomitized by brines enriched in magnesium.' Two popular
mechanisms have been proposed for productiom of such brines:

(1) capillary concentration (Friedman an& SanJers, 1967) and (2) evaporative'
pumping (Hsu and Seigenthaler, 1969). The second is particularly attractive
since the guthors include computations showing that this process could

account for the great thicknesses of supratidal dolomite found in the

~geologic record and the process has been described as similar to that

which occurs under the sabkhas of the Persian Gulf (Bathurst, 1971, p. 533).

& ,
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In recent Persian Gulf examples, dolomite.\ls found throughout sabkha
sediments, comthonly to depths of as much as 1 metre below the surface
(Bathurst, 1971, p. 211). Both Holocene and ancient dolomites are often,

but not always, associated with evaporites (Zenger, 1972; Shinn, 1968).
\ 4

‘This association has often been cited because, in hypersaline environments

of the Persian Gulf, it is reasoned that.ﬁrecipitation of gypsum and sub-
sequent loss of Ca raises the Mg/Ca ratio of interstitial brines‘to a
level where dolomite begins to crystallize (Folk and Land, 1975; Bathurst,
1971). PFolk and Land (.1975) suggest an alternate reason: ;_pisodic
flushing of the h‘ypersaline environment by fresh water drops the salinity
drastically but the Mg/Ca ratio remains high because of the low concentration
of Ca and Mg in the fresh water; the resulting drop in salinity enables
dolomite formation because _few impurities disrupt the precise ordering of
the lattice. The same mechanism is suggested for areas with sea water of
normal salinity, such as the Bahamas; since gypsum is not found in the
supratidal flats of the Bahamas (and the Bahamas are a humid environment,
unlike the arid sabkhas of the Persian Gulf), Folk aﬁd Land (1975)
suggest that the ubiquitous dolomite crusts are formed by rain-water
dilution of sea water. The only evidence of evaporites in the Ordovician
of western Newfoundland comes from Table Point in the fomrof length-slow
chalcedony. (see Folk and Pi'ttman, 1971). The lack of evaporites indicates
that western Newfoundland may have been a humid environment dutiné the
Lower Ordovician, more like the present day Bahamas than the Persian Gulf.
(2) Bioturbation. In modern shallow marine environments, grazing

. c
animals (which feed on surface algal mats) and burrowing,animals (which

destroy sedimentary lamination) are common in and on tidal flats and

L3

adjacent shallow marine areas and biogenically rework the sediments
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(Garrett, 1970). Such organisms were certainly present in the lower
Ordovician sediments of western Newfoundland, evidenced by ubiquitous-

bioturbation, body fossils, and ichnofossils. —K:nodern environments,

P

r

the distribution 6f these organisms is thought to be contr:)lle‘d largely

‘ by _salinit; '(.(Sar:je't'\if,-:l‘??O; Hof fman, 1973) - the organisms cannot tolerate
‘ hypersaiine se#ﬁater. Since the graz'ers, especially géstropoqs, feed on
algal mats, the lower limit of mats in shallow marine environments is
indirectly controlled by salinity. (Hoffman, 1973). 1In hypersaline areas

of Shark Bay, West Australia, for exampl'e, algal mats and stromatolites

‘
extend down through the intertidal zone into the subtidal (Logan et al., 1974)

but in areas of nOnpal salinity as in the Bahamas, algal mats are best
developed ir; 1the uppermost part of the intertidal zone. In the Lower
Ordovician rocks of western Newfoundland, however, gastropods and stromat-
olites are not mutually exclusive; large, low relief, laterélly linked
stromatolites, similar to modern forms which develop in protected intert;dal

to shallow subtidal areas of Shark Bay (Logan et al., 1974), are found
surrounded by burrowed, fossiliferous lithofacies (Fig. 24), commonly with
gastropod shell fragments. It appears, therefore, that organisms were not .
restricted, except from the supratidal zone, and probably ranged through

both intertidal and subtidal environments. This suggests that western
Newfoundland had not a hypersaline environment during Lower Ordovician times.
The presence or absence of stromatolites in successive cycles more likely
represents a( patchy distribution on tidal flats or variations in suitable -

!’
environmentsl conditions.

(3) Rate of transgression/subsidence and sediment supply. Since
carbonate cycles are essentially regressive, it appears that sea level
during the time of their formation gradually rose or, alternatively, slow

\ subsidence of the platform took place, either with a constant ratefor as a

N -
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series of short pulses. Supratidal sediments repeatedly prograded over
intertidal and subtidal sediments as a result. In other wards, sedimentation

repeatedly '"'caught up” to sea level resulting in a supratidal cap.

At e

Subtidal limestones likely resulted when the rate of transgressi_.oﬁ/ T
subsidence slightiy exceeded t:xat of deposition, |
Thick limestone megarhythms are thought to have formed in a broad,

protected, subtidal lggoon‘adjacent to tidal flats (represented by the upper
‘cyclic member of the St. George Formation). Protection at'the margin was
afforded by the presence of large buildups of sponge ﬁ:ounds (Stevens and \
James, 1976; Levesque et al., 1977). Amodel for Lower Ordovician
paleogeography is presented in Fig. 76,

Synthesis

Middle Cambrian to Middle Ordovician lithofacies record the tramsition
~from a carbonate sand timm:ed, mixed siliciclastic~carbonate tidal flat
complex in Cambrian time to a mound-rimmed, lagoonal carbonate plaffom in.
Ordovician time.
‘ . ~ A major problem in discussing Cambrian lithofacies is the mechanism
“by which turbulent conditiofls were maintained in both eastermnmost a_nd

westernmost sections simultaneously. In modern carbonate environments,

thick, "high-energy" ocolite shoals are found only in narrow areas of

‘highest turbulence at bank margins, such as in the Bahamas (Ball, 1967).
It is unlikely that turbulent conditions could be maintained across a P

broad belt since the seaward part of the belt would act as a protective

barrier for the landward part behind it. The Cambrian of western.New-

« . '
foundland, therefore, probably had more in common with siliciclastic
barrier island complexes than with carbonate tidal Eldts. Cambrian rocks

, may ‘have been deposited as narrow, elongate shoals parallel and close to
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shoreline, perhaps at the top of a carbonate ramp (Fig.‘77; see Ahr,
1973). Much of the sections to the eas:; therefoge, may have accumulated
- * . )

as debris from shallower water. Rhythmically graded ooclites 1in the Goose
Arm section may support this suggestion. | .

Lower Ordovician rocks, on the other hand, were deposited in a quiet
water, protected environment, possibly behind a protective biohermal
bérrier at the shelf edge (sponge mounds of James and Stevens, 1976), .
analogous to the modern Bahama bank gituation. A broad, sh;llow carbonate
platform (Fig. 77) with active sedimentation covering a much wider area than
that of the Cambrian is suggested (see Ginsburg and James, 1974).

Siliciclastic material is consplcuously absent in the Lower Ordovician

‘

sectioﬂs. In the course of the lower Paleozolc marine transgression in
North America (Sloss, 1963), it is to be expected.that the strand line
(shoreline) must have migrated progressively westward across the continental
interior. Nearshore siliciclastic sedimentation, therefore, would be
found much further to the west. There is no avallable record to confirm or
contradict this suggestion.

The change in wmorphology of the continental margin, from a sloping
famp to a platform may be reflected in the Cow Head Group breccilas. A
change occurs in the latter sequence from coarse breccia beds in the Cambria;
to spectacularly coarse megabreccias in the Ordovician. This may'be a

response to steepening of the margin as a result of biochermal buildups at

the bank edge (Levésque et al., 1977; Fig. 77).
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CHAPTER X

.

CBMPARISON WITH CAMBRO-ORDOVICIAN OF MAINLAND APPAL.&ZHIANS .

Cambro-0rdovician carbonates are e:'(posed along tﬁe western margi.n of
the Appalachian Orogén, from Newaundiand‘to Alabama, in a long; narrow,
sinuous belt generally less than 60 km. wide. This belt disappears in .
the. Quebeé City - Gaspe segment of the system, likely as a Eesul‘t both
of erosion and{rconcealment_ under transported rocl'cs (Williams ar;d Stevens,
1974).

Striking similarities exist between the Newfoﬁndland rocks and rocks’
of the central and southern Appalachians but sigyifiCant differenc;s are
also apparent.

Understanding of stratigraphy‘ and paleogeography in the south is
hampered by: h ‘

1. structural déformation, including. asymmetric fol@s and east-
dipping chr:ust faults, the result of Ordovician compressional movement,
later rejuvenated in mif:ldle or late Pa_leozcic time.

2. discontinuon.xs exposure, since most of the area is éoveréd by - N
glacial deposits, alluvium, and/or soil cover. |

5. a pauc;ty of fossils in Cambrian strata.

As a result, precise correlation between areas is difficult;
the stratigraphic framework ffas‘ been constructed by detailed mapping and

}

Throughout the Appalachians, as in Newfoundland, the Cambro-Ordovician

sequence 1s characterized by a basal siliciclastic sequence of early
Cambrian and Precambrian age, a middle mixed carbonate-shale sequence of
Middle and Upper Cambrian age, and an uppef carbonate sequence of’

latest Cambrian to Middle Ord~ov1c_eian' age (Rodgers, 1968; Palmer, .1971).
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The basal siliciclastic sequence invafiably grades from basal con-

glomerate, usually unconformabiy resfing on crystalline basement, to

orthoquartzite at top. Thick shifle and carbonate are locally interbedded.
Evidence for a western source for the terrigenous sands is presented by

Palmer (1971). _Only minor duartz sand is found in the sections after the
. 3 - v
Lower Cambrian - Middle Cambridn boundary in the Appalachians, normally as
- . (
thin beds or as arenaceous dolostone or limestone. In general, quartz
. <2

sand is more common in western éxposures.

_Rocks éf Middle and Upper ~Cambrian age are characterized by thick

.units of clean, often cyclic, carbonate with abundant stromatolites and

oolite alternating with thick units of thin-bedded shale, siltstone, and

limestone or dolostone. This pattern is interpreted by Palmer (1971)

as a fluctuation of the inner margin of a carbonate bank across a

laterally adjacent ''inner detrital'’, shaly belt. Intertonguing limestone

- ¢

. and shale of the Conasauga Gp. in Tennessee and Virginia indicate that this

boundari may Eave‘fluctuated laterally as much as 120 km. (Palmer, 1971).
Generally shale Pnits thin to the east and northeast as limestone units
thicken.

The similar relationship in western Newfoundland is interpretéd
(this thesi;) as migration of a seaward rim of carbonate sand shoals
across a laterally adjacent mixed carbonate-siliciclastic tidal flat
complex, the latter analogous to the "inner detrital"” sequences of Palmer
(1971). |

‘At or n;ar the Uppér Cambrian - Lower Ordovician boundary, a distinct
change occurs in the character of Ehe Canro—Ordovician sequence to
thick-bedded, clean carbonates, almost to the exclusion of siliciclastic

material. In western Newfoundland, at least, this. pattern persists

unchanged into the Middle Ordovician.
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This distingt lithologic break, observed -and documented by the

.

wéiter in Newfoundlaﬁd,“has previously been reported by Sando (1957) in
one of ﬁh; few detailed 1ith;stfatigraphic studies of Cambro-Ordovician
strata in the central‘Appalachians. Sando (1957) observed a "definite
lithologic break" between beds of the Upper Cambrian Conococheague .
Forpatiqn and the Lower Ordovician Beekmantown Group in Maryland which

helped to differentiate these two units.

The Cambrian Conococheague was sald to be characterized by thick,

.
.

massive oolite beds fovgr 1 metre thick), very large; abundant, and
diverse C;zgtozoons, and arenaceous horizons. The Ordovician Beekmantown,
on the other hand, was said to be characterized by a scarcity of
oolites, usually subordinate to detrital components, smalle; and less
diversified gymnosolenid stromatolites, and poorly developed arenaceous
horizons.v

These criteria are remarkably similar to those suggested in this paper
(seé correlation) for differentiafing the St. Céorge Formation (Lower
Ordovician) from older rocks.' This lithologic break, however, does not
coincide exactly with the boundary between ghe Cambrian and 0rdo§1ci;ﬁ
systems. Early Lowef Ord;vician fossils were collectedcby Sando (1957) very
near, buf not at, the top of the Conococheague Formation, just below the
lithologlic break. In western Newfoundland, the break 15\;;11 dated ét the
Port-au-Port Peninsula and coincides with the Upper Cambrian Coﬁasgis zone,
(top of Petit Jardin Formation, thislfhesisx, indicating a late but not
latest Cambrian age. In Neéw York, Mazzulo and Friedman‘}1977) describe
siltstones, interpreted to be of tidal origin, at the base of the Lower
Ordovician section (Gasconadian), 1ndicating.that the break in this arex is

within the Lower Ordovician. Little data is available for other areas. The

author suggests that in westermmost sequences, furtheay back on the craton and

: l.:!u‘“:ﬂ-‘
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thus closer to a nearshore clastic source, shales and siltstone should
persist higher in the section. In other words, the lithologic break should
occur slightly later to the west. o *

This lithologic chahge is thought to répresent a corresponding
changé in the morphology of the continéntal margin, from a "high-energy"
ramp (Ahr, 1973) or open shelf (Ginsburg and James, 1974) to a Sroad,
"low energy" carbonate platform or rimmed shelf which spre;d w;stwards
across the continental interior as.trénsgtession proceeded. Palmer .
(1971) cites evidence to suggest that the seaward margin of the bank may
also have migrated seawards.

A condensed, Middle Cambrian to Lower Ordovician séqueﬁce of thin-
bedded, argillécéous'limestonerinterbedded with bl;ck shales and zones of
poprly sorted carbonate clast conglomerate is found in numerous élaces
along the Appalachian system (known as the Cow Head Group in western
Newfoundland). -Because of the-lack of shallow water features and presence
of graﬂed beds'oﬁ carbonate detritﬁs, these are interpreted as a deeé
water facles, coeval with the shallow water seﬂuence, deposited on the
continental slope to the east; thicker, finer, and sﬂalier units (Humbgr
Arm Superg%oup in Newfoundland) are interpreted as more distal facies and
deep watgr flysch. All exposures of this sequence occur as transported
slices that structurally overlie the shallow water rocks.

The major difference between the carbonate sequence in western
Newfoundland and\that to the south 18 in thickness. Cambro-Ordovician
sections in the central and southern Appélachians are two t; three times
as thick as the NeéféundlandUsections‘TRodgers, 1968)} A possible

explanation is that the relative rate of subsideqce was much greater in

the southern Appalachians. An alternativk hypothesis 1s that the
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Newfoundland sequence represéhts deposition closer to the interior of the
craton. - ’
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CHAYTER'XI
SUMMARY AND CONCLUSIONS

Detaileﬁ'stratigraphic analysis of five sections, gpanning 2
distance of 285 km., throogh the autocoehon;us, Middle Cembrian\to
Lower.Otdovician, shallow‘water Eﬁdimentaty'sequence in westetn.
Newfoundland hé% resulted in: (1) 2 revised and updated stratigrgphic
framework fo; these rocks and (2) the first detailed discussionfof the
sedimentology -

| Stratigraghz

Fossils collected froﬁ several new 1ocalit£es in&icate that much
more of the sequence is of Cambrian age and much'1ess of Ordovician ]
- age thannpreviously reported (Table VL)-

Rocks of Middle and UppeT pa;brian‘age can be eharacterized by

persiatant sedimentologic features that gerve tO distinguish them from

.
rocks of Lower Ordovician age. Particularly prominent features include

parted limeseonee, ocolite gtainstones, edgevise conglomérates, columnar
stromatoliteg;and chrombolites, shales and minoT quartzose sandstones,
ag well as 2 marked 1ack of skeletal debris. Repid jateral and yvertical
facles changes uith;n canbrian strata, however.,make 1ithologica1

correlation difficult and so dif€ rent-formation names have peen used in
eaeh of the s;udy areas. .

In contrast,_rocks of Lower ordovician age are characterized by
1am1nated and mottled dolostones, dolomite mottled limestooes, 1inked
stromatolites, chert, few or noO siliciclastic rocks, and abundant
skeletal debris. The Lower ordovician st. George Formation, as en

entity, can be recognized along the 1ength of western Newfoundland from

the Port—au—?ort Peninsula in the gouth to Cape Norman on the tip of the
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Table VI Stratigraphy of Western Newfoundland
Levesque, 1977. (this thesis)*
PORT-AU- GOOSE BONNE TABLE PORT-AU-
PORT ARM BAY POINT CHOIX
= Table Table Table Table Table
e Head Fm. Head Fm. Head Fm. Head Fm. Head Fm.
upper upper _{upper _|unper
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Northern Peninsula, a distance of 400 km., because of its distinct

lithologic character,and lateral continuity. The contact between the

- [

St. George and the overlying Middle Ordovician Table Head Formation 1s
clearly a disconformity at the Port-au-Port Peninsula but in sections to

the north, the relationships are unclear because the contact is either

Ny

covered or apparently conformable. -
Four dolostone types are recognized in this study: syngenetic,
diagenetic - fabric‘ﬂgcific, diagenetic - pervasive, and epigenetic.
The first three are used in constructing stratigraphic units. Epigenetic
dolostone (Friedman arnd Sanders, 1967), however, is closely related to,
and is localized by, structural elements. Because of its irregular
distribution and’ éross—éutting relationship with respect to stratigraphy,

epigenetic dolostone is not used as a separate lithology when defining

stratigraphic units or correlating between sections. These epig‘:netic
A

dolostones locally overprint 1imestoneé of both the St George and Table
Head Formations.

As a result of the above findings, a revised stratigraphy for the
Middle Cambrian to Lower Ordovician autochthenous sequence of western

'

Newfoundland is put forth.
Thick quartzose sandstones formerly assigned to the lower part of’
the'Harch Point Formation at the Port-au-Port Peninsula an(:l to the
lower part of the Penguin Cove Formation at Goose Arm are now considered
lithologically distinctive enough to warrant individual formational
status. These new units ‘(here termed the Degras Formation and the
Penguin Cove Formation, regpectively) are considered equivalent and are
correlated with the sandstones of the Hawke Bay Formation at Bonne Bay

and at Hawkes Bay. Paleontological data indicates a late Lower Cambrian

to possible early Middle Cambrian age for these sandstones. Fossils

-




from overlying beds at the Port-au-Port Peninsula, Goosé Arms and- .the
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Strait of Belle Isle suggest two additional possibilities: eithefnthis -
sandstone unit is younger in the westefnmost g’éctions (Pgrt—au-Port and
the Strait of Belle Isle) or a disconformlity exists between this L\x;\:it ’
and the overlying, dominantly carbonate, sequence in the westernmost
sections.

These sandstones are overlain by a Middle and Upper Catnbrianl
succession of limestone, dolostone, and shale variously known as the
March Point (comprising the upper part og the former March Point
Formation) and overlyiﬁg Petit Jardin (now including beds‘ previously‘

’ .

assigned to the basal S‘E. George Formation) Formations at t;he
Port-au-Port Peninsula, the Wolf Brook (comprising the upper part of the '
former Penquin Cove Formation) and overlying Blue Cliff (comprising
beds previously ,assigned to the basal St. George Formation) Formations at
Goose Arm, the South Head (comprising the basal part of the former East

Arm Formation) and overlying East Arm (now including beds previously

assigned to the basal St. George Formation) Formations at Bonne Bay, and

e e e RS :

the upper Hawke Bay Formation at Hawkes Bay (which was examined only in
reconnaissance fashion).

The above units are everywhere conformably overlain by the

aera

St. George Formation (revised) which 1is now defined as a 1ithostratigraphic
unit (rather than a biostratigraphic unit as defined by Schuchert and

Dunbar, 1934). Fossil data indicates that the St. George Formation is

PRRETSIRAR ¥V

almost wholly Lower ordovician in age. The basal 50 metres of the
St. George on the Port-au-Port Peninsula may be Upper Cambrian in age
since trilobites collected from the top of the underlying Petit Jardin

Formation are of late, but not latest, Upper Cambrian age and there ia no

evidence of a disconformity between these two formations. Thickness of the




- 186 -

St. George 1s greatly reduced fro{n previous estimates to about 600
metres. The St. George is divided into‘three mempers: 3 lower cyclic
member of inferbedded limestone and tiolostone, a middle limestone member,
locall'y overprinted by epigenetic dolomitization and closely resembling
the basal limestones of the Middle Ordovician Table Head Formation, and
an upper cyclic member of limestone and dolostone.

Sedimentology

Both Cambrian and Ordovician strata are conspicuously cyclic. A
limited number of basic lithofacies types occur repeatedly in the
stratigraphic sequence in bdth small scale and large scale cycles or
rhythms. Original depositional textures are discernible in both lime-
stones and dolostones.

Cambrian and Ordovician rocks illustrate two distinctly different
style%'}of sedimentation with the change occurring at or near the Upper
Cambrian - Lower Ordovician boundary. Middle and Upper Cambrian rocks
are characterized by cyclic, "high-energy' lithofacies and comprise two
large scale sequences or megarhythms which repeat in vertical succession

-ag many as three times. These are referred to in this study as thin-

bedded sequenées and thick-bedded sequences. Thin-bedded sequences are

A\
\ composed of flaser bedded limestone and shale Intercalated with occasiomnal

beds of edgewise conglomerate, columnar stromatolites or thrombolites,

' and oclite and are interpreted to have been deposited on a mixed
carbonate-giliciclastic tidal flat. Flaser bedding is a common feature
' of siliciclastic tidal flat environments but has not previouslyr been
recognized in carbonate rock‘s. Thick-bedded sequences comprise cy‘cles
grading from a basal intraformational conglomerate, in places oncolitic,

to thick, cross-bedded, oolitic gra'instone, to laminated, mud cracked
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calcilutite and are interpreted as carbonate sand shoals or barrier
islands. Subaerial exposure surfaces and calcrete are found at the tops
of cycles in the Upper Cambrian Petit Jardin Formation at the
Port-au-Port Peninsula, indicating that these shoals or islands may
have been intermittently emergent. Discrete, columnar stromatolites or
thrombolites are common within these cycles.

Lawer Ordovician lithofacles are characterized by "low-energy"
subti'dal and supratidal features, with few diagnostic intertidal
criteria, and cc;mprise two megarhythms: (1) cyclic mégsrhytﬁms composed
of carbonate cycles grading from burrowéd, fossilirferous, subtidal

limestone to microcrystalline, laminated, occasionally mud cracked

supratidal dolostone, that are interpreted as shoaling upward cycles on

a protected tidal flat and (2) limestone megarhythms composed of burrowed,

fossiliferous, hackly weathering, subtidal limestone, representing
deposition in a protected lagoonal environment. Thrombolites and linked

stromatolites are sometimes found in limestone beds.

’
’

These Middle Cambrian to Lower Ordovician rocks formed during a
major marine transgression and record a change in the form of the shallow
ypter continental margin from a ramp or open shelf in the Cambrian to a
r‘:ound—rimmed carbonate platform in the Lower Ordovician. Superimposed
" on this major transgression are as many as five smaller transgressive/'
regressive events,

Similar{\ changes are recorded all along the ancient continental

margin of No(rvth America, from Newfoundland to Alabama.

Sugpestions for Further Work

It is the author's hope that this thesis will serve as the starting

point for future work on the Cambro-Ordovician sequence of western
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Newfoundland. Some interesting and potentially fruitful lines of
research might be:

(D) The‘study of paleocurrent directions deduced from
measurement of ripple marks to establish ghe orientation of the ancient
continental margin. This margin is generally a§;umed (Williams and
Stevens, 1974) to run northeast-southwest but it is not }nown, for

example, whether the margin was straight, curved, irregular, or with

bays or salients.

(2) Manf diagénetic problems exist in both Cambrian and Ordovician
rocks, Quch as: the origin of siliceous dolostbnes in the Cambrian at
both Bonne Bay and Goose Arm, the origin of chert in Lower Ordovician
sections, or the origin and timing of epigenetic dolomitization in the
Ordovician.

(3) A detailed study of the thin-bedded sequences of the Cambrian,
using Markov Chain Analysis, to establish with greater certainty‘whether
thege are or are not cyclie.

(4) The Cambro-Ordovician of western Newfoundland offers an
excellent opportunity to study trace fossils in Lower Paleozoic carbonate
rocks. Few such studies have been documented at present (Kénngdy, 1975).

(5) Paleontological stuéies ifn the Cambrian are sorely needed and
there are definite indications that these beds are much more fossiliferous
than previously reported.

(6) The Lower Ordovician sections, partiéularly the type section. at
ﬁort—au—Port, offer an excellent opportunity to study fossil distributions
and zonations. The type section is fossiliferous throughout with abundant

gastropods, cephalopods, brachiopods, and some trilobites. 1In the

central and southern Appalachians, expogure of these rocks is inferior and

0
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all of the aforementioned fossils are uncommon or poorly distriduted

through the sequence (Neuman, 1975).

(7) Other thick, well expoéed, but fragmentary sectlions remain to be

examined in many areas, particularly at Western Brook, Parson's Pond,

and perhaps even the Mingan Islands in Quebec.
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APPENDIX A
Logan, 1863

Quebec Group and Potsdam Group, Strait of Belle Isle

) This section was measured along the Straits of Belle Isle, New-
foundland, from Hawkes Bay to Anchor Point (ca. 80 km. north of Hawkes

Bay).
- Unit Description Thickness in

Unit

QUEBEC GROUP
{excluding units K to Q)
1 Light yellowish grey, mottled yellow -weathering
) magnesian limestones with geodes of quartz and
T calcispar, poorly fossiliferous........ P 1 &

H Greyish blue limestones, beds 2 to 30 cm. thick,
very fos8iliferous. . cereerrnrencceceneannsnn ceesen. 104

. G Dark grey limestones, similar to below, more
geodiferous, probably more magnesian, and
more fossiliferous........... oo By ¢ ]

F Dark grey limestone, with associated dark

bluish and yellowish calcareo—-argillaceous layers; '
beds 2 cm. to 1.5 metres thick; thicker magnesian
beds with geodes of quartz and calcispar; fossils
abundant in some beds and occasionally silicified...122
Units F to 1 were measured at Port-au-Choix. Units
H and I were also measured at Table Point where
they were 81 and 4l metres thick, respectively.
Units F and G were also recognized at Bonne Bay
wvhere they were found to be 152 and 122 metres
thick, respectively, and with very few fossils.

E Dark grey limestones, occasionally argillaceous,
often magnesian, weathering yellowisgh, geodes

\/ of quartz and calecispar, beds 7 cm. to 1.2 metres
thick, few fossils and fragmenta of undetermined

trilobites............ 00t A T .07

D Grey and reddish magnesian limestope, massive,
wveathering grey and yellow; interbedded with

thin beds of light greenish magnesian .limestone

or simply limestone; poorly fossiliferous...........46

-~ B
. . x -

Metres

Total
from
base

480

434

330

290

168

46
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Unit Description Thickness in Metres
Unit Total
from
. base
Units D and E were measured at St. Barbe Bay.
\ They were also recognized at Bonne Bay and found
to be 53 and 152 metres thick, respectively,
and devoid of fossils. At Bonne Bay, unit D
conformably overlies unit C.
Total thickness of Quebec Group, units D to T..... P11\
('" . .
POTSDAM GROUP
\
C Olive grey, brown weathering, ferruginous sandy

dolomite with thin lenticular patches and beds
of smoke grey limestone (bed 14); smoke grey
pure limestone alternating with ochre yellow,
arenaceous, ferruginous 1imestone, in lenticular
’ layers from 6 to 12 mm. thick (bed 13); blackish
grey limestome, in beds 5 to 20 cm. thick (bed 12)...28 282

Cc  Strata concealed (bed 11)...... e 46 254

’

C Thick-bedded white quartzite (bed 10) . evaveeonronns ....18 208

The above beds were measured at Bomne Bay around
the entrance to Southeast Arm.

C Limestcne and shale with abundant fossils (Lower
Cambrian) underlain by thick basal quartzites -
(beds 1€ D evr e .190 190

The above beds were measured on the east side of
Deer Arm, Bonne Bay. Unit C was also recognized
at Hawkes Bay and along the Straits of Belle Isle
as a thick unit of white quartzite.

Total thickness of unit G vneinnnnsanronosnamsss ‘.............282

"
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APPENDIX B

Schuchert and Dunbar, 1934
s J

St. George series, Port-au-Port Peninsula

Descending section measured from the contact with the overlying
Table Head series, ca. 200 metres northwest of The Gravels, along the
south shore of the Port-au—Port Peninsula to Big Cove (between
Sheaves Cove and March Point). s

Unit Description "Thickness in Metres
' * Unit Total

from

base

ST. GEORGE SERIES

8-27 Greenish dove-coloured )limestone, reddish laminated
limestone, mottled reddish magnesian limestdne,

} and fucoidal limestone, in thin and thick beds,
: sometimes hackly; some chert; intraformational )
‘ _ . flat-pebble conglomerate and slight evidence of

sun-cracking at base; Ceratopea, Billingsella,
Syntrophia, Protocycloceras lamarcki, Cryptozoon,
and poorly preserved gastropods..........eeeeesvssashb? 594

Unit 8 1s at the wagon road. across The Gravels .
(north bar of The Gravels). 5 ,

7 Dolomite, lighter laminated-beds alternating with
thicker and darker layers that are more or less
rippled; fucoids are common; rare intraformational
conglomerate; light and dark dove-colouged '
. beds; occasional thin zones with poorly preserved
gastropods, CIYyPLOZOOM.....u.everesnsssisnensansese358 547 '

Base of unit 7 1is ca. 0.8 km. southwest of the end
of the south bar of The Gravels.

6 Redd1ish dolomites, thick-bedded, abundant breviconid

cephalopods and Billingsella....... fede s aareneenas ...6 189
5 Pink and reddiéh,dolomites, with an admixture of

 . PP B £ X

Base of tha above unit is at the eastern pbint
of Man 0' War Cove. : st .

4 Pink to red, fine-grained sandstoges, inrterbedded
with thick- and thin-bedded dark.dolomites, zones
of intraformational conglomerate with angular
pebbles in the sandstone....... e eeeeaeacensss..30 128

PO P PRUSE [ER—
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Description Thickness in Metres

Unit Total
from
base

Thin-bedded, laminated, dove-coloured dolomites, de-
cidedly rippled, much marked by small sun-
cracked prisme; thin and thick zones of flat-

\lpebble conglomerates; intraformational conglo~- \
merate .in thick zones and extraordinary development;
interbedded zones of fine-grained pinkish sandstone;
frequent zones of Cryptozoon with heads up to 60 cm.
across.

‘The above strata make up both points of Man 0' War
Cove, while in the cove higher strata are exposed.

From here to Felix Cove;, 1.6 km. to the west, the
coast is in high and inaccessible cliffs, but the
shore is practically parallel to the strike. Three
small faults interrupt the section in the area of
Felix Cove. 4

Reddish, rippled, and sun-cracked sandstones in
thick beds alternating with thin ones, along with
thin zones of dove-coloured dolomites and occasion-
al beds of intraformational conglomerates; the
“upper 15 metres of this unit consist of thin-
bedded .and dark red strata with fucoids, mud
cracks, and ripples. In the dolomites at Ship
Cove were seen poor but large specimens of
Lecanospira-like shells ; .

These same strata make up the coast at Felix Cove,
Camp_bells Cove, and Abrahams Cove, and from Ship
Cove westward to Pigeon Head,

Massive slaty. grey limestone weathering to hackly chips;
richly fossiliferous, containing both large
and small species of coiled nautiloids as well as
Ceratopea sp., Euchasma blumenbachi, and gastropods;
underlain by 18 metres of: well-bedded, pinkish,
and finely laminated magnesian limestone in layers
UP 0 25 em. thiCK.ueeessvuneunnnonnn.nn. ... Ciere e 36

Members of unit 1 are exposed from the point of
Pigeon Head and along its west face to an area
ntear the head of Lower Cove where exposure is
terminated by a small overlap of Windsor red
conglomerate.

Westward from Lower Cove to Sheaves Cove the
shore 18 cliffed. and inaccessible. -At the latter
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Unit Description Thickness in Metres
- Unit Total
* : from

base
place the cliff is made of dark grey massive
limestone but its relation to unit 1 was not
determined. From Sheaves Cove to Red Cove,
(ca. 400 metres west of Sheaves Cove) a zone of
faulting probably interrupts the section. West—
ward, from here to March Point, the shore is bold
and cliffed and generally inaccessible from the
land.

- Basal beds (not studied)..veirenroroornonancrres R o

- »
Total thickness of St. George geries...... ..« eere e .594

LIS
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APPENDIX C
Schuchert and Dunbar, 1934

March Point series, Port-au-Port Peninsula

Descending section measured from a conspicucus fault ca. 45 metres
west of the western margin of Big Cove (west of Sheaves Cove) to March
Point. The division of this section into the March Point-and Petit
Jardin formations was later made by Lochman (1938) using fossils origin-
ally collected by Schuchert and Dunbar. She did not remeasure or re-

BT s P

. examine the gection. ,
Unit - Description . Thickness in Mel"es
) Unit Total
from
base

PETIT JARDIN FORMATION

28-30 Well-bedded, cliff-forming, pink dolomite, of earthy
or finely porous texture, with small geades in
certain layers; minor thin-bedded dolomite and !
dark silty shale in upper pPart.....ciseeercsvsess.66 102 ;

- 1

25-27 Dark grey shale, thin-bedded laminated dolomite,
and dark grey oolite, with siltstone at base....... 13 36

23-24 Dark grey siltstone and shale, with occasional
layers of oolite or intraformational conglomer-
ate; calcareous in upper part; abundant glaucon-
ite and trilobites (Upper Cambrian Cedaria zone)
at top......... rher e . X

Total thickness of Petit Jardin Formation.........comee.. 102
MARCH POINT FORMATION

14-22 Dolomite and oolite; thin mud cracked shale or
siltstone beds; occasional Crxptbzoon beds;
intraformational conglomerate layers common in
basal part; few oboloid brachiopods......evseeeese92 262

6-13 Dark siltstone, thin-bedded knobbly limestoneé, and
- shale; occasional beds of intraformational con-
glomerate; sandy with abundant glauconite at base;
trilobites: Marjumia and Eldoradia (Middle
Cambrian) ..., eeieietenecronestnrorsoninassnsocnnsns 63 170

Bed 6 is exposed at March Point. Below it are
thick-bedded quartz sandstones which are more
completely exposed in the west limb of the anti-
cline (the latter with its axis near Degras) where
they dnderlie, with-apparent conformity, the
siltstone and limestone units described above.
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*a

Déscription . Thickness in Metres

Unit Total
from
base

\ The section may be cont inued downward 1in the west
limb of the anticline, beginning at a point near
Grand Garden and proceeding eastward to Degras.

Basal white, pink, and red sandstones, in thick
beds, occasionally rippled or cross-bedded; large
U-shaped worm tubes in middle portion..

Total thickness of March Point Formation.....
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APPENDIX D
Troelsen, 1947
St. George Group and East Arm Formation, East Arm, Bonne Bay

- Descending section measured along the southwest coast of East Arm
from Shag Cliff (at the entrance to Fast Arm) to Southeast Head (at
the entrance to Southeast Arm).

Unit Description Thickness in Metres

Unit Total
from
- base
Covered Interval

ST. GEORGE GROUP

Dolomite, light to dark grey or black; medium— to
thick-bedded; massive or laminated; nodules of
black chert; intraformational conglomerate /An
places; weathers light grey to buff; intetbedded
with: limestone, black; thin-bedded or massive;
black chert nodules; often sheared or fragtured;
occasional Ceratopea and poorly preserved gastropods.l90 892

Unit 5 is well exposed in Shag Cliff beginning on
the west side of the latter and extending to a
point on the east side of the promontory.

Dolomite; thick-bedded; massive; weathering
medium grey; poorly fossiliferous, Cassinoceras
aff., C. wortheni, and Curtoceras? sp.......

Unit 4 is exposed in the upper parts of the high-
est promontories between Lomond Village and Shag
Cliff., Thickness measured by chain and compass
traverse.

Interbedded dolomite and limestone; thick-bedded;
thin chert layers at bage; 1layers of light grey
weathering laminated dolomite; dark grey weather-
ing; Lecanospira sp. Ecculiomphalus? sp. abound.....46, 571

Unit 3 is best exposed in cliffs between Lomond
Village and Shag Cliff and ordinarily forms the
lower part of the cliffs in each headland.

.2 Dolomite, light grey or pink; massive; large
nodulés of chert; weathers greyish white............15 380

Unit 2 is observed about one mi'le W-NW of Lomond,
and conformably underlies unit 3. :
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Unit Description Thickness in Metres
Unit Total
from
base
1 Dolomite, crystalline, black; veinlets of calcite;

dark grey weathering; and dolomite, dark grey;
thick-bedded; laminated; 1interbedded with thin ' '

shale and medium grey limestone beds with nodules 4
and bands of black chert (beds 5 and 6 of unit 1).113 365

Covered Interval.....veevrevens it et recees e en ... 49 252

1 Interbedded: medium-bedded grey dolomites; - dark
grey carbonaceous shales; and thin-bedded buff
weathering dolomite. Some layers cross-bedded or
finely laminated; intraformational conglomerate
common; thin beds of mud cracked shales; oolitic
bands near base; Cryptozeon seen in some parts

(beds 1 to 3 Oof UNIC 1)....000reeeneevennarsa ce.s...203 203

Unit 1 is exposed in prominent cliffs and along
the coastline to the northeast of Lomond River.

Total thickness of St. George Croup....+csevsecesissasssen.891

Contact conformable and drawn arbitrarily at the
horizon where thick-bedded, grey weathering dolo-
mite becomes dominant over grey limestone and
thin-bedded, buff weathering dolomite. This
contact is exposed ca. 600 metres south of the
head of Southeast Arm.

EAST ARM FORMATION

13-17 Thin- to thick-bedded grey limestone with intrafor-
mational conglomerate and oolite beds; thin-bed-
s ded, buff weathering, light grey dolomite, occa-
sionally shaly; minor dark weathering, greenish
grey shale. Cryptozoon reef at 53 metres from
top of unit; trilobite horizon at 9 metres from
top of unit: Blountia? lomondensis, Blountia? sp.
Blountjella johnsoni, and Mddocia howsei.............78 162

9-12 Dolomite, light grey; thin~ to medium—bedded' Epff
weathering; greenigsh grey shale beds in middl
PoTtion..ceviennnenenians s criraraaceiree e 46 105

7-8 Thin-bedded, dark grey limestone, nodular in upper
part; and thin-bedded, buff to rusty red weather-
ing, grey dolomite; a few layers of creamy white
siliceous dolomite (less than 1 metre thick) are
PTESENt. .. ccveeetiveeenrsoncnsnnness e Cereeer.ee.l 21 B4




Description Thickness in Metres

Unit Total
from
. base
1-6 Limestone, occasionally magnesian, black; thick-
to thin-bedded; nodules and bands of light grey
dolomite; weathers grey e

Bed 1 is exposed at the head of Southeast Arm.

Total thickness of East Arm Formation
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APPENDIX E
Lilly, 1961 ,
St. George Group, Goose Arm
This section was measured along the south shore of Goose Arm, from

a short distance west of Wolf Brook almost to Long Point, 2.4 km. to the
west. The section commences downward from a sequence of shaly limestone
and calcareous shale, which possibly belong to the Table Head group. '
Thicknesses are given after corrections for faulting were made. Section
presented in descending’ order.

Unit Description .Thickness in Metres

Unit Total

from
base
ST. GEORGE GROUP
1 Interbedded dolomite and limestone with thin elaypy
partings, and with intraformational dolomite con-
glomerate in lower part........ hehacerassr e 122 919
2 Thin— to thick-bedded, buff yellow weathering
dolomite, in part thinly laminated........ [ 23 797
3 Interbedded dolomite and limestone with scattered _
chert lenses and Qatches ..... CredaaesesrnEr e 97 774
- “\
A Grey to buff weathering dolomite, in part thinly :
laminated, beds 6 to 60 cm. thick, occasional
thin shaly limestone beds......eeevverriaencacenen: 125 677
5 Interbedded dolomite and limestone with numerous
twig-like algal forms, chert COMMOD...crvvverve on--- 79 552
6 Dolomite, similar to unit 4. .....coveueacvovnrenerennes 40 473
7 Shaly limestone with scattered thin dolomite beds...... 20 433
8 -Dolomite, similar to unit 4.....i.cceveveecnenrcaerones 137 413

9 Interbedded limestone and dolomite, similar to unit 5..29 276

10 Grey and brown weathering dOLOMILE . v enrrrneennsnnssoesd22 247

11 '+ Grey weathering dolomite, with occasional brown N
shaly dolomite..ss cvuvconvann PN Chisesrear e 125 125
Total thickness of St. George Group....sce-e-ss e 919




APPENDIX F
Lilly, 1961
Penguin Cove Formation, Goose Arm

This section was measured at Penguin Cove om the north side of
Goose Arm, Bay of Islands. The section is presented in descending order.

Unit Description Thickness in Metres

Unit Total
from
base

PENGUIN COVE FORMATION

Grey weathering, dark grey limestone, occasionally
argillaceous, with oolites and peanut-sized
brownish weathering algal forms and brownish
weathering grey dolomite. orted
(slumped) v ..

Brown weathering, laminated dolomite interbedded
with grey limestone. Dolomite silty and argillace-
ous toward base. Beds 5 to 30 cm. thick

Brown weathering limestone and black weathering
dolomite, in beds ca. 5 cm. thick...cveevasrs

Pale yellow, grey weathering, fine-grained
quartzite, interbedded with grey to brown weather-
ing limestone and shaly dolomite. Slumping

Brown)weathering dolomite, scattered pink thinly
laminated quartzite beds and green weathering,
dolomitic, silty shale. Occasional clean
limestone beds....... '

@vered with scattered outcrop similar to unit 8...

Total thickness of Penguin Cove Formation......




- 209 -

APPENDIX G
Degras to Big Cove Brook, Port-au-Port Peninsula

This section was measured along the south coast of the Port-au-Port

Peninsula from March Point eastward to a conspicuous thrust fault on the

west
tide.

Unit

side of Big Cove Brook. The section is completely accessible at low

Description Thickness in Metres

Unit Total
from
base

PETIT JARDIN FORMATION
Middle Dolostone Member

Interbedded buff to brown weathering, grey to light

grey, very fine- to medium-crystalline, thick-

bedded, resistant dolostone with relict oolite

grainstone er flat-pebhle conglomerate texture and

grey weathering, fine-grained, dolomitic, thin-bed-

ded, fissile shale in beds 0.2 to 1.0 metre thick...10.0 105.0
of the above 10 metres, only the lower 2.0 metres (
are accessible and can be directly measured.

Unit consists of two main lithofacles:

Dolostone, oolite or oolitic grainstone texture,
light to dark grey, very fine- to medium=-crystalline;
thick-bedded (1 to 2 metres); herringbone cross-
bedding common, sinuocus and symuetrical ripples;
thin (3 to 5 cm.) layers of mud cracked and brec-
ciated, laminated to massive dololutite; scattered
coarce pebbles of dololutite; grey to light grey
weathering. This lithofacies comprises 75 to 80

. percent of the unit. :

Dolostone, light grey to reddish grey, fine—crystai—
line; thick-bedded (30 to 50 cm.); finely planar
laminated, laminations slightly umrdulose in places;
mud “cracks common; buff weathering. /

Occasional stromatolite or thrombolite geds and coarse
flat-pebble or edgewise conglomerate with fine
concentric laminations around pebbles. Gypsum is
infrequently present along gtylolite surfaces.
Large thrombolites as much as 1.0 metre high are
present at the base and are drapfd by planar laminated,
mud cracked dolostone with well developed dessica-
tion polygons. At 16 metres from the base of the
unit, the contact between a bed of light grey,
faintly laminated dolostone and an overlying dark
grey, mud cracked oolite bed is brecciated with
about 40 cm. of relief along the contact. At
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Description Thickness in Metres

Unitc Total
from
base

18.5 metres from the base, another abrupt surface

occurs with irregular bedding, abundamt brecciation,

and thin reddish dolomite seams. Breccia occurs

in pockets and thin beds and consists of coarse

angular fragments of light grey or reddish dololutite,
sometimes coated with fine laminations, in a buff
dolomite matrix. At 37.5 to 38,0 metres from base
are a few beds of glauconitic, arenaceous dolostone.
At 44 metres from base, another of these beds occurs
and has an irregular upper surface with slight
relief. At 48 metres from base is a bed of arbore-
scent stromatolites; small digits 2 to 3 em. in
diameter and 5 cm. high are overlain by a thin bed
of arenaceous, reddish dolomite. Dolomite in this
part of the section is brecciated along vertical
fractures with white calcite between angular
fragments. At 5] metres from base, laminated
dolostone b&s become thin, fissile, and shaly......54.0 95.0

v

Total measured thickness of middle dolostone
' .64.0

Basal Silty Member

Limestone, mudstone, silty in places, grey, fine-
grained; thin-bedded (beds 1 to 10 cm.); finely
plagar laminated, ripple cross-laminated, or mas-
sive; trace fossils common on bed surfaces; sin=-
uous and rhomboid ripple marks common; bounce-
and-skip casts, foam prints, and primary current
lineations are present on the base of some beds;
greenish grey weathering; trilobite and brachiopod
fragments locally abundant; limestone beds are
interbedded or parted with:

Shale, silty in places, dark grey, fine-crystalline;
thin-bedded, fissile, recessive; mud cracks common;
dark grey or brown waathering; shale occurs as thn
beds or partings a few cm.'s thick. Parted limestone
beds grade from dominantly limestone to dominantly
shale, representing a gradation from flaser to
lenticular bedding. Shale content varies from 20%
to 80% and generally decreases up-section.

Occasional beds of resistant, very coarse, flat -
pebble or edgewise conglomerate 10 to 40 cm. thick.
At' 28 metres from the base of the unit is a glau-
conite rich limestone bed. At 32 metres from the

_base, thin beds 5 to 20 cm. thick .of oolite grain-
stone are infrequently interbedded with parted
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Description Thickness in

Unit

limestones. At 32 metres from the base, large
thromborils up to 1.4 metres high occur and
are surrounded by parted limestone...v.ceoecuenes

Total measured thickness of Petit Jardin
Formation......

Contact conformable and abrupt.

MARCH POINT FORMATION
Upper Massive Member

Unit is composed of S }ithofacies interbedded. In
decreasing order of abundance these are:

Limestone, oolite grainstone, grey to light grey,
fine- to medium-grained; thick—bedded {up to 2.0
metres); herringbone cross-bedding common; grey
weathering; oolite grainstone beds are of two types:
grey to dark grey, well sorted, massive oolite
20 to 40 cm. thick and light grey, cross-bedded
oolite as much as 2.0 metres thick with scattered
coarse pebbles or thin (1 to 5 cm.) mud cracked

of buff lime mudstone.

, mudstone, locally dolemitic, light grey
to greehish grey, very fine-grained; thicks
bedded §40 to 50 cm.); massive to planar lamin-
ated on Ja cm. scale; mauve to red weathering;
betwe half and three quarters of these beds are

cracked and brecciated at the top; mud cracks

are filled with oolite; brecciation extends as
much as 40 cm. down into the lime mudstone beds;
gradation from massive or laminated mudstone to mud
cracked mudstone to scattered fragments of mudstone
in oolite graiyﬁtone is often developed.

Limesgone, grey, fine- to very coarse-grained; thick-
bedded (20 to 40 cm.), massive; poorly sorted
oolitic inteaformational conglomerate; pebbles
are rarely edgewise; .

Shale, dark grey, fine-grained;“thig-hedded;

- figsile, recessive, laminated; occééioﬁally
dolomitic and mud cracked with dessicatiom
polygons as much as 20 cm. across; shales
are 5 to 40 cm. thick, rarely as much as
1.5 metres thick and are usually interbedded
with stromatolite beds; red and grey weathering;

Limestone, grey, fine-grained; stromatnlite beds;
stromatolites form bread low relief mounds 20 to

, 60 cm. high and 0.5 to 1.0 metre in diameter;

Metres
Total

from
base

41.0

.105.0




v

Description Thickness in Metres

- Unit

Total
from
base

these mounds are composed in turn of smaller
stromatolites 2 or 3 cm. in diameter of type ~
LLH-C; Epiphyton 1s common at the base of strom-

atolite mounds; stromatolites are often underlain

by flat-pebble conglomerate and capped with shale;
stromatolite beds occur at 24, 26, 34, 50 to 62,

70 and 94 metres from the base of the unit; bluish

grey to dark grey weathering. At 12 metres from

the base of the unit, glauconite is abundant. At 48

metres from base, shales thin and a@ restricted to

l or 2 cm. seams along stylolite contacts. At 50

metres, symmetric ripples on an oolite bed indicate

current direction of 90-270 degrees; ripples are

large with amplitudes of 6 cm. and wavelength of

15 cm, At 62 metres, shale beds reappear. At 66

metres, shale beds are again reduced and less than

20 cm. From 78 to 94 metres, section is almost

all oolitic grainstone with 107 thinly Jaminated,

mud cracked and fragmented l1ime mudstone. At 94
metres, thin shale beds (5 to 20 cm.) reappear.....104.0 170.8

- ———

Dolostone, light grey to reddish grey, fine-
crystalline; thick-bedded (1 to 2 metres); planar
to irregular laminated; mud cracked; fenestral
texture; thin beds (less than 20 ecm.) of shaly,
fissile, fecessive dolostone and thinj\ rippled
oolitic conglomerate beds; buff to 11
grey weathering......

.................

Total thickness of upper massive member.../

Lower Shaly Member

: Limestone, mudstone, grey, fine-grained; thin-

) bedded (1 to 10 cm.); rhomboid ripples and

: trace fossils common on bed surfaces; linear to
sinuous ripples are also present (020-200; 110-
290); interbedded or parted with thin beds of
brown weathering, dark grey, fine-grained, fissile
shale 1 to 10 cm. thick; shale comprises 40% to
60% of these recessive, parted units which are ]
20 cm. to 2.0 metres thick; - _ ;
Occasional resistant, medium- to thick-bedded (20 :

- to 40 cm.), flat-pebble or edgewise conglomerate;

pebbles are very coarse, well sorted, tabular,

and at all orientations from parallel to perpen-

dicular to bedding; conglomerate beds “often abrupt-

ly pinch out laterally. At 12, l4, and 24 metres

from the base of the unit are stromatolite beds

s B ke M0l e b1 et Same s
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Description Thickness in Metres

Unit Total
from

vith heads up to 0.8 metres high and 1.0 metre base

in diameter; stromatolites are composed in turn
of smaller elements of type LLH-C a few cm.'s in
diameter; top of bed is hummocky and pimply; shale
or parted limestone f111s depressions between and
overlies widely spaced stromatolites; Epiphyton
and brachilopod fragments are occasionally seen.
At 16 metres from base, shale/lime mudstone ratio
increases, mud cracks are present on shale beds.
At 19 metres, a resistant bed of herringbone
cross-bedded oolite 40 cm. thick occurs. At 28
metres, large dessication polygons b gm. thick
are developed in finely planar laminated, shaly
lime mudstone; shales weather red and grey

Limestone, lime mudstone, grey, fine-grained;

" thin-bedded (2 to 5 cm.); rhomboid ripple.marks
common, sinucus ripples sometimes seen (310-13Q);
trace fossils on bed surfaces; nodular to parted
with thin shale interbeds a few cm.'s thick (flaser
to lenticular bedding, as above); recessive;
hackly weathering;

Occasional flat-pebble or edgewise conglomerate beds
10 to 40 cm. thick with floating quartz sand in.
places; these weather more resistant than the
parted units and increase ‘in abundance toward the
top of the unit; edgewise conglomerate beds have a
Jroad, convex-upward shape and pinch out laterally.

Trilobite fragments and fine to medium quartzose
sand locally abumdant........ B L Y]

Limestone, extremely arenaceous and highly glaucon-
itic, grey, fine- to medium-grained; thin- to
thick-bedded; finely planarp@ ated to ripple
cross-laminated, rhomboid ri esjon bed surfaces
(0-180); minor slumping; vugs ljped or filled
with coarse white calcite; occasiodal, thin
quartzose sandstone beds with very well rounded,
well sorted, quartz sand; grey to brown weathering;
unit consists of alternating thin, fissile beds
3 to 15 cm. thick with prolific trace fossils and
thicker, more resistant, coarse-grained beds 10 to
40 cm. thick with floating quartz sand and skolithus
burrows; occasional thin flat-pebble conglomerate
beds with granule size terrigenous pebbles; in the
uppermost 3.0 metres of the unit, beds of silty,
fossiliferous, brown weathering lime wackestone are
present; trilobite fragments 10.4

Total thickness of lower shaly member..........c.cevivevee,.60.8

-
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Unit ' Dexcription Thickness in Metres
Unit Total
f rom
] base
Total thickness of March Point formation.........ccecuuvv.n 170.8
1 The base of the above unit is exposed at March Point.
The contact with the underlying Degras Formation
is covered by gravel beach. '
DEGRAS FORMATION
’ 4 Covered interval; estimated thickness.......... e ieaana 4.0 104.0
S 3  Sandstone, quartzose, reddish, medium~ to coarse-
v+ .~ grained; thick-bedded; reddish weathering.......... 2.0 100.0
The above unit is exposed at March Point and is
partially covered by gravel beach.
2 Covered interval; estimated thickness........e.s.....18,0 98,0
1 Sandstone, gquartzose, white, buff,or red, fine- to
coarse-grained; thick-bedded; trough cross-
bedding; mud cracks; skolithus burrows; sands
are well sorted and well rounded; iron-stained
in places; reddish, buff, and white resistant
WEATNETIME e s v evreee e aesestsannsnsnanecrsnoases ..80.0 806.0
The unit abové was not measuvred by the writer.
Thickness given is that of Schuchert and Dunbar
(1934). This unit forms the coast from March
Point to Petit Jardin,
Total thickness of Degras Formation........ Ceriamss e ....104.0

o
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APPENDIX H

Felix Cove to The Gravels, Port-au-Port Peninsula
® .
This section was measured along the coast of the Port-au-Port
Peninsula, beginning at the contact with the overlying Table Head Forma-
tion, exposed ca. 200 metres northwest of the north bar of The Gravels,
and continuing downsection to the gouth and west to Felix Cove. :

Unit Description Thickness in Metres

Unit Total
from
base

TABLE HEAD FORMATION

Limestone, mudstone to wackestone oOr biomicrite,
dark grey, fine- to medium-grained; thick-bedded,
magsive; 1in places thin-bedded to nodular with
buff argillaceous partings; dark grey, hackly
weathering; fossiliferous......covme e

The above lithology is typical of the lower Table
Head and is consistent for a considerable thick-
ness above the St. George Formation (ca. 60 to

70 metres).

Limestone, mudstone to wackestone, light grey,
fide-grained; thick-bedded, massive; excellent
fenestral texture with sparry calcite infill;

grey weathering.....coeoeveeeerrroe s

The above lithology is also present at the base
of the.Table Head at the Aguathuna quarry, along
the coast NE of The Gravels, and in the interior
of the Peninsula ca. 6.4 km. south of Three Rock

- Cove.
Contact abrupt and irregular with slight relief.

ST. GEORGE FORMATION
Upper Cyclic Member

17 Unit is composed of 4 lithologies, repeatedly

interbedded, in about equal quantities:

Dolostone, light grey, microcrystalline; planar
laminated on a centimetre to millimetre scale,
large mud cracks ca..l ot 2 mm., wide and up to
10 em, high, thicker laminae are less planar,
more irregular with low angle cross lamination;
occasionally fissile and possibly shaly; buff

- weathering. There are 14 of these beds in, this
interval, ranging from 0,2 to 2.0 metres “hick,

o G Bl 3V P
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Unit pescription B Thickness in Metres
- ' . Unit Total )
from
base

and averaging 1.1 metres thick.
Dolostone, light grey, microcrystalline; thick-
bedded; mottled in 1light shades of grey to buff,
mottling ptobably related to bioturbation,
anastomosing traces on bed surfaces; irregular
masses of dark feddish chert; of ten grades up C
into planar iaminated dolostone, as above; faint
impression of bedding preserved in some beds; buff
weathering. There are 14 of these beds in this ‘ j\
2 interval, ranging from 0.2 to 2.9 metres thick, and
averaging 1.2 metres; . an abnormally thick bed of
4.0 metres 18 present directly under the Table
Head Formation. i
Limestone, mudstone to wackestone OT biomicrite, i
fine- to medium*grained, grey; thin- to medium-
bedded, massive; mottled or parted with light
brown- to buff argillaceous dolomite, dolomitized
anastomosing burrows are common on bed tops;
some chert ‘mottling; oncolites rarely observed;
occasional layers of coarse fossgil hash or bio-
intrasparite; fenestral texture in places; blue
grey weathering; jmpressions of gastropods and
cephalopods of ten present on bed surfaces, crinoid
fragments at ca. 23 metres from base of unit. There
are 15 of these beds in this interval, ranging from
s 0.2 to 1.7 metres thick and averaging 0.6 metres.
Limestone, as above, but with good convex—upqard
jamination or low relief,stromatolites of LLH-C
type, diameter of stromatolites ranges from 10 cm.
to 1.0 metre. These beds are often finely. planar
laminated., There are 10 of these beds in this
interval, ranging from 0.3 to 1.0 metre thick,
and averaging 0.6 metres. -
At 26.4 4nd 40.3 metres from base of unit, there
’ are thin beds of limestone conglomerate (less
than 0.2 metres) with a shaly matrix. At 15 and
23 metres from base of unit, dolostone beds have
relief of ca. 10 to 20 centimetres on upper .
surfaces. At 40 metres from pase of unit, 2
long lensoid bed of 1aminated dolostone is pre-
sent (0.4 metres thick) and overlain by gtromat-
olite limestone and underlain by planar laminated
¢ limestone. At 43 metres from the base, 2 small 1
faults with minor displacement cross the section...58.7 572.0

PSPPI W S

S The base of -the above unit is exposed at the
west end of the north bar of The Gravels.

e T

Total thickness of upper cyclic Dember ..essesasmresr sttt ..58.7" d

'
b 2
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r.
. Unit ‘ Description ‘¢% Thickness in Metres
Unit Totall
2 from N
base

Middle Limestone Member
16 Covered. Scattered outcrop only, from the north
gide of the north barfpf The Gravels to the
south side of the south bar. There is no major
structure apparent in ‘this interval................ 180.0 514.0
Intermittent exposures include: '
Limestone, mudstone to wackestone or pelmicrite,
light grey, fine—grained; medium- to thick-bedr
ded, massive; some chert as thin bands and small
nodules; fenestral texture in places; very
stylolitic; grey weathering. This lithology
is exposed about % of the distance between the
north and south bars. i
Limestone, mudstone to wackestone, grey, fine- to
medium~grained; thick-bedded, massive; extensively
mottled with light grey to buff sucrosic dolomite,
mottled limestone very" lotally grades to massive
sucrosic dolostone; 1light grey to buff weathering;
poorly preserved, dolomitized gastropods common ‘ .
on bed surfaces. This lithology is exposed about . !
half way between the north and south bars.

T et WSO W © s e

15 Limestone, mudstone to wackestone, fine- to medium-
grained, grey; thin- to medium-bedded, rippled -
in lower part, mud cracks common; occasional
beds'of finely planar laminated lime mudstone
from 1 to 2.5 metres thick® (at 2.8 and 9.1
metres from base of'unit), thick-bedded calcarenite
(intrapelsparite) 0.8 metres thick at 5 metres
from base of unit; good dessication polygons in ' ¢
laminated mudstone at 3.8 metres from base of the :
unit, polygons are large (10 cm. in diameter and
- 20 cm. deep); bluish grey weathering; very fos- {
siliferous....,..... eraae s O 26.4 334.0

Only the above 26.4 metres of the middle limestone
member are exposed at the type sectfon. The unit
is, however, well exposed in Smelt Canyon. Scat-
e tered exposures of the above unit are found just

) to. the north of the south bar of The Gravels,

it v, i E e s

Total thickness of middle limestone member........... ._.....206.14

Lower Cyclic Member

e 14 Unit consists of 2 lithologies interbedded:
: Limestone, mudstone to wackestone, as above. There
are 7 of these beds in this interval, ranging
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Degcription Thickness in Metres

Unit Total
from
base

from 0.3 to 2.0 metres thick, and averaging
0.7 m.
Dolostong, thinly planar laminated, as in snit 12.
There are 6.of these beds, ranging from 0.2 to
0.7 metres thick and averaging 0.4 metres.
Occasional calcarenite or dolarenite beds 20
to 40 centimetres thick are also present and
rarely, massive mottled dolostone, as above ..12.4 307.6

Unit consists of 2 main lithologies, interbedded:
Dolostone, light grey, fine-crystalline; thick-
bedf‘led, massive; mottled and bioturbated;
occasional chert as thin beds and nodules; buff
weathering. There are 8 beds in this unit,
from 0.2 to 0.6 metres thick, averaging 0.4 metres.
Limestone, mudstone to wackestone, grey, fine- to
medium—grained; massive; burrowed (giving rise
té dolomite mottling); some chert; coarse
flat-pebble conglomerate or fagsil hash layers
(5 to 20 cm. thick); ‘blue grey weathering;
abundantly fossiliferous. There are 6 beds in
this unit, from 1.0 to 2.9 metres thick, averaging
1.5 metres. Occasional calcarenite or intra-
pelsparite beds as much as 1.5 metres thick occur.
Dolostone conglomerate beds 0.6 and 0.2 metres
thick occur at 6,1 and 10.5 metres from the
base, respectively ‘ 23.7 295.2

12 Unit consists of 4 main lithologies, repeatedly
interbedded:

Dolostone, mottled or bioturbated, as above, with
chert; often grades up into planar laminated
dolostone. There are 7 beds in this unit, from
0.2 to 1.3 metres thick, averaging 1.0 metre.

Dolostone, light grey, microcrystalline; planar
laminated on a centimetre to millimetre scale;
beds with thicker laminae show fine cross-
lamination, good scour-and-fill structyres,
émall discontinuous zones of fine flat-pebble
conglomerate between laminations; chert nodules
common; occasionally dolomite laminae are
interlayered with fine laminae of lime nudstone;
buff weathering. There are 22 beds in this unit,
from 0.2 to 3.3 metres thick, averaging 1.1 metre.

Limestone, mudstone to wickestone, as above (unit
13), burrowed, commonly mottled with chert and
dolomite. There are 20 of these beds, rangmt
from 0.4 to 2.3 metres thick and averaging 1.2
metres. Sinuous and symmetrical ripples are




Unit Description Thickness in Metres
- ’ '

Unit Total
from
base

present at 28.4 and 39.3 metres from the base of
the unit: current directions are 85-265, 15=195, "
: 30-210, and 140-320, in both cases ripples on
t adjacent beds have a markedly different orientation,
: . Limestone, mudstone, grey, fine-grained; thin- to
, medium-bedded; stromatolite or thrombolite beds
surrounded and capped by dark grey intrapelsparite
or pebble conglomerate; good fenestral texture
at 26.6 metres from base of unit; blue grey weather-
ing. There are 4 of these beds, ca. 0.4 metres
thick, in the basal 5 metres of the unit. At 44,4
metres from the base of the unit, buff weathering
dolomite mottling outlines bottle shaped channels,
possibly between small thrombolites. At 29.6
metres from the base of the unit is an ocolitic - ,
bed 0.4 metres thick. At 0.6 metres from the top -

of the unit, a bed of oolitic dolostone conglomerate
vee..64.9 271.5

OCCUTS. v vvvenns ceres

N Y

'\ 11 Limestone, mudstone to wackestone, grey, fine- to
) . medium-grained; thin~ to medium-bedded, massive;
. mud cracked, burrowed; layers of medium-bedded,
slightly more resistant, coarse-grained fossil
- hash or pebble layers (biocintrasparite) are
common, the latter 10 to 40 cm. thick; nodular
or parted texture in places with thin seams
and mottling of .buff to brown weathering
argillaceous dolomite; broad, low relief, LLH-
, S type stromatolites and thrombolites are
common and range from 10 cm. to over 2 metres
in diameter but are less than one metre high;
} . stromatolites aggregate to form a mound in one
: area of the unit which is 4 to 5 metres in diameter
: and Z metres high; stromatolites are draped and
capped by thin- to medium-bedded limestone;
blue grey weathering; abundant brachiopods and . !
gastropods in fossil hash layers, Epiphyton mounds ) '
P 13.8 206.6

2+ - V- - 3P

FI WAR RE P P

£

high-angle normal fault, striking N 125°E, of un-
known displacement interrupts the section at this 1
point. Drag of beds along the fault early shows
that the northeast side has moved down th respect 4
to the southeast. Beds, however, do not \seem to 4
be repeated on either side of the fault-ahd the !
fault must therefore be of minor displacement.
terbedded:

" 10 Unit 1s composed of 3 lithologies, repeatedly
Dolostone, mottled or bioturbated, as .above, in\beds
1 to 2 metres thick. \
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Unit , Description Thickness in Metres '
Unit Total
from
base

Dolostone, planar laminated, as above, in beds
1 to 1.5 metres thick.
Limestone, mudstone to wackestone, or occasional
. calcarenite beds, with rhomboid ripples in

places, in beds 0.4 to 2.5 metres thitk............. 32.1 192.8
9 Limestone, mudstone to wackestone, grey, fine- to !
medium—-grained; thin- to medium-bedded, - —~ °
L : massive; anastomosing burrows and macrofossils )

are dolomitized to a light grey to buff, fine-

to medium-crystalline dolomite; parted in places

with thin (1 to 2 mm!) layers of buff/brownish

weathering argillaceous dolomite; coarse-grained

fossil hash or pébble layers (biointrasparite)

5 to 20 cm, thick are common, the latter slightly *

more resistant, less burrowed, and with sinuous

or rhomboid ripples in places (current direction

50-230); blue grey weathering; gastropods,

cephalopods, and brachiopods are abundant............ 9.2 160.7

SR ST

8 Limestone, mudstone to wackestone, grey, Fine- to
medium=grained; medium- to thick-bedded, massive,
mogtlgd with brown weathering chert and light grey
weathering, medium~ to coarse-crystalline dolomite;
the limestone forms small mounds or head-shaped
structures about 1 metre in diameter, as below
(in unit 5) with a radiating pattern of dolomite;
bedded;calcarenite (intrabiosparite) occurs
between and caps these small heads; the calcar-
enite is light grey, fine- to medium-grained,
cross—bedded, and silica mottled (silica possibly
cement to some grains). A mound horizon 3.4
metres thick at the base of the unit is overlain
by 2.8 metres of calcarenite and another mound )
horizon 2.1 metres thick occurs at the top........... 8.3 151.5

o~

B ek A A e P

7 Dolostone, grey, fine- to medium-crystagline; '
thick-bedded, massive; mottled in light shades
of grey; slight intercrystalline porosity;
light grey weathering............cvu0s ceienas ceronnee0.7 143.2

6 Units of 2 interbedded lithologies, in beds
0.2 to 1 metre thick: .
Limestone, mudstone to wackestone, grey, fine- to . b 4
wmedium-grained; medium- to thick-bedded,
massive; good anastomosing burrows on bed
surfaces ca. 5 mm. in diameter and quite dense.
in places; burrows and fossils are often a
resistant, light grey weathering, fine- to medium-

FITE . ee o e ¢ . R R R LD U '
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Unit ' Description Thickness in Metres
Unit Total
from
¢ base

crystalline dolomite; some chert mottling; in
places limestone beds are parted with buff to
brownigsh weathering argillaceous dolomite, part-
ings possibly related to increasing burrow’
density on some bedding planes; macrofossils,
up to 5 cm. in diameter, especially gastropods,
are abundant on some bedding surfaces,

Dolostone, light grey, fine- to medium—crystalline;
thick-bedded, magsive; mottled in faint shades of
grey, possibly bioturbation; slight chert
mottling; grades vertically to limestone in
many places.

At 15.0 metres from the base of the unit,

calcarenite beds 0.5 to 2 metres thick appear;

calcarenite is dolomitic, grey, fine— to medium-

grained, thick-bedded, slightly cross-bedded

and rippled, reddish grey weathering. At

16.5 metres from base, dolostone beds have

faint thick lamination.. At 17.4 metres from base,

a fault with displacement of ca. .3 metres crosses

the section. Beds thin in upper part of the unit

to ca., 0.2 to 0.4 metres thick.......cecvveviuenen19.9 136.5

5 Limestone, grey, fine— to medium-grailned; irregular
interbedded wackestone (biomicrite) and calcar-
enite; extensively mottled with brown weathering
chert and light grey weatheging, medium to
coarse—crystall1ne dolomite; mound-like structures
of wackestone up to 2 metres in diameter and 1
metre high are present and stand out in relief
from surrounding thick-bedded calcarenite (intra-
pelsparite), these structures have abundant
coarse fossil fragments (silicified in places);
dolomite mottling outlines a cellular structure
on top of and a radiating digitate pattern in
side view of beds; some dolomite mottling is
clearly related to burrowing but other patterns
are difficult to class as such; blue zrey weath-
ering; macrofossils are abundant’and Iinclude gas-

tropods, orthocones, brachiopods, and a few tri-
lobites....co i iieriinnneene e teai et iat s 15.8 116.6

. e g A e ¥

The above unit is well exposed at Green Head,
" ca. 1000 metres southwest of The Gravels. . ) : ,

4 Dolostone, mottled grey and light grey, medium-
to coarse-crystalline; thick-bedded, massive, =
bioturbated; abundant chert mottling\ slight
intercrystallineé porosity; irregula;wzbntact
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Description Thickness in Metres

Unit Total
from
. base
with overlying bed with up to 1 metre relief
along gradational contactj grey weathering y 100.8

Unit consists of 2 lithologies, interbedded:

Limestone, mudstone to wackestone, grey, fine-
to mediumgrained; thick-bedded, massive;
bioturbated and mottled with light grey .
weathering, medium—~ to coarse-crystalline
dolomite and brown weathering chert; chert
is also abundant as nodules and bands; stromato-
lites present in some beds - low relief, type
LLH-S; often grades into massive, mottled,
dolostone; blue grey weathering; few gastro-
pod fragments observed; in beds 1.5 to 3.0
metres thick. :

Dolostone, light grey, fine- to medium-crystal-

" line; thick-bedded, massive} mottled grey and
light grey; abundant chert as naodules, bands,
and mottling; stromatolites of LLH-C type and
partially silicified; at 3.8 and 5.5 metres from
‘the base are beds of thickly laminated, fine- to
medium—-crystalline dolomite; at 1.8 metres from
the base is a stromatolite bed composed of
digitate elements 2 to 3 cm. in diameter with
bedded calcarenite "ladders" between stromatolites..9.1

Unit consists of two)main lithologies, Interbedded:

Dolostone, grey to reddish grey, fine-crystalline;
thick-bedded, massive; bioturbated and mottled;
dark grey to reddish weathering; in beds 0.5
to 2.0 metres . thick.

Dolostone, light grey to reddish grey, microcrystal-
line; thick- to thin-laminated on the scale of
centimetres to millimetres; occasional coarse
chert nodules elongate parallel to bedding;
thin beds (5 to 10 cm.) of edgewise or flat-
pebble conglomerate rarely observed;, buff weath-
ering; 1in beds 0.2 to 1.0 metres thick. At
8.6 metres from base of unit, a fault with sis-
placement Jf ca. 2 metres crosses the section.

At 9.0 metres from base, limestone beds appear,
as follows:!

Limestone, mudstone or pelmicrite; ‘gkey, fine-
grained; thin- to medium-bedded, virtually
always astromatolitic with LLH-S type heads
0.2 to 0.3 metres high and 1 to 1.5 metres in
diameter; stromatolites are interbedded with
massive mudstone; grey to light grey weathering.
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Description Thickness in Metres

Unit Total
from
base

Oolite beds ca. 0.2 metres thick occur at 12
and 24.6 metres from base of UnNit...ceuvasvsvevasnasf7.5 81.9

FAULT - High-angle normal fault striking N 150°E
and of minor displacement interrupts the section
at this point. The northeast side seems to have

+ moved down with respect to the southwest.

This unit consists of:

Dolostone, light grey, microcrystalline; medium-
to thick-bedded, planar laminated on a mm. to cm.
scale; fine mud cracks and cross-lamination;
buff weathering; in beds 0.2 to 1.0 metre thick,
averaging 0.6 metres, and generally increasing
in thickness toward top of unit.

Dolostone, light grey, fine- to medium- crystalline;
thick-bedded; stromatolite beds of 2 types:
low relief LLH-C type stromatolites 1 to
1.5 metres in diameter or small digitate stromato-
lites ca. 1 to 3 cam. wide by 5 ¢m. high; inter-
crystalline porosity; grey weathering; in
beds ca. 1.0 metre thick. Dolostone beds are
often brecciated along fractures with coarse
white dolomite between angular fragments,
liesgang rings are also common.

At 20 metres from base of the unit, a thin,

brown weathering, grey, fine-grained, fissile,
recessive dolomitic shale bed 0.6 metres thick
occurs. At ca. 22 metres from base of unit,
texture of dolostone beds includes (inter-

bedded with.laminated or stromatolitic dolostone,
as above):

Dolostone, light grey, fine- to medium-crystal-
line;  thick-bedded; ocolitic grainstone texture
with thin, massive or laminated, dololutite
layers (max. 3 cm. thick) that are mud cracked
and break up laterally into flat-pebble conglo- -
merate; light grey to buff weathering; beds are
0.2 to 1.0 metre thick and genérally increase
in thickness toward top of unit.

Dolostone, grey,,.fine- to medium-crystalline;
thick-bedded, massive or mottled; grey

. weathering; in-beds 1.0 to 2.0 metres thick.......34.4 34.4

o R

The aboye\unit is exposed in the center of

Man O' War Cove ‘and to the east of the headland
on whe east side of Man 0' War Cove.

The basal contact with the underlying Petit
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Description . Thickness in Metres

Unit Total
from
. base
Jardin Formation is exposed on both sides on
Man Q' War Cove and on the east side of the
headland on the east side of Man 0' War Cove.

Total thickness of lower cyclic member........

Total thickness of St. George Formation

Contact conformable and abrupt. «*"

Section continued downward from west side of
Man 0' War Cove.

PETIT JARDIN FORMATION
Upper Limestone Member

Dolostone, grey, to light grey, fine- to medium-
crystalline; thick-bedded; laminated on cm.
scale or stromatolitic; buff, resistant
weathering; beds 10 cm. to 1.0 metre thick;
intefbedded with:

Shale, dark grey, fine-grained; thin-bedded,
fissile; recessive, dark grey to brownish
weathering; in beds 10 to 40 cm. thick

Limestone, dolomitic, grey, fine-grained; thick-
bedded; large columnar stromatolites as much
as 1.6 metres high and 1.0 to 1.5 metres in
diameter with deep narrow™channels of partially
dolomitized/silicified calcarenite ("ladders")
between; calcarenite also caps stromatolites
in places; columnar cryptalgal thrombolites
composed of radiating digits of structureless
lime mudstone are alse present with calcarenite
between, as above;  few thin (10 to 20 cm.) beds
of planar laminated limestone are interbedded
with stromatolite beds; grey weathering;
trilobite fragments were collected by R.K. Stevens
from top of this unit on the east side of Man
0' War Cove. ' ‘
At ‘1.6 metres from base of unit is a bed of
dark grey, fissile, reécesive, brownish
weathering shale 1.0 metre thick:,

Limestone, mudstone, silty in places, grey,
fine-grained; thin- to medium-bedded (1 to
5 cm.); rhomboid ripples and ripple cross-lam
ination common; interbedded or parted with thin
layers of recessive, brownish weathering shale
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Description Thickness in Metres

Unit Total

—— ) from

»

[

base
a few mm.'s to a few cm.'s thick; shale
beds are often mud cracked; grey weathering;
parted units average 1.0 metre in thickness but
range from 10 c¢m. to 2.0 metres thick; this is
by far the dominant lithofacies and is commonly
interbedded with more resistant beds of:

Limestone, oolite, grey; fine- to medium-grained;
beds 20 to 50 cm. thick; large symmetric
ripples (wavelength: 40 cm.; amplitude: 10 cm.),
current direction: 75-255 and 70-250," crests of

ripples are silicified in places; grey
wveathering.

Limestone, edgewise conglomerate, grey, Very
coarse-grained; beds 20 to 40 cm. thick;
pebbles are well gorted and tabular; grey
veathering. ’

Limestone, oolitic conglomerate, Brey, fine-
to coarse-grained; ‘beds 10 to 40 cm. thick;
poorly sorted oointrasparite texture; 1in
places found as channels in parted limestone
beds.

lLimestone, stromatolite or thrombolite beds;
thrombolites are columnar, 1 to 1.5 metres
high, 1 to 1.5 metres in diameter, and are
surrounded or draped by parted limestone;
stromatolites are of type LLH-C and
40 to 60 cm. in diameter; thrombolites in places
have a base of edgewise conglomerate.

At 14.0 metres from the base of the unit,
trilobite fragments were collected from a thin
fosgil hash layer. At 11,5 metres, lime mudstone
grades to calcareous giltstone with bounce-and-

" gkip casts 3a lower surfaces of beds. At 15.5
metres, a bed of reverse graded pisolites 40 cm.
thick occurs. At 26 metres from base, shale
layers are markedly reduced to thin seams a

 few mm.'s thick between lime mudstone beds

fotal thickness of upper limestone member .. ..sn.

Middle Dolostopne Member

Dolostone, light grey, fine- to mediumcrystal-
1ine; medium— to thick-bedded;- planar laminatéd
beds, oolitic grainstone beds and stromatolite
beds 50 em. to 2.0 metres thick; resistant,
buff to brownish weathering; interbedded with:

Shale, dark grey, ‘fine-grained; thin-bedded,
figsile; mud cracked; recessive, dark grey
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‘Description Thickness in Metres

Unit Total
from
- base

to brown weathering; beds 20 cm. to 1.0
metre thick. . ioiieeveeieieiiiienivastseeeserinsiaasald .0 77,5

Unit consists of two main lithofacies:

Dolostone, oolite or oolitic grainstone texture,
1ight grey to reddish grey, fine-crystalline;
thick~-bedded, beds 1 to 2 metres thick; herring-
bone cross-bedding common; coarse scattered pebbles
or thin mud cracked beds of buff, laminated to
massive dolostone; grey to dark grey weathering.

Dolostone, shaly in places, light grey to reddish
grey, fine-crystalline; thick-bedded, beds 30 cm. ~
1.0 metre thick; planar laminated, laminatioms
mm.'s to cm.'s thick.

Occasional stromatolite beds or beds of flat pebble/
edgewise conglomerate 10 to 20 em. thick.

This unit is stylolitic throughout; liesgang
rings are also common. At the base df the unit,
a thick (3 metres) bioturbated thrombolite bed

. occurs. At 4 metres, large thrombolites up to
50 cm. high are draped by laminated, mud cracked
dolostone. Large dessication polygons are well
preserved at the top of this bed. At 24 metres,
thin reddish shaly dolostone beds, possibly
calcre'te, accompany relief of ca. 50 cm. on sbme
beds. At 26 metres, a thio lensoid bed of
fossiliferous, brecciated limestone with
Epiphyton occurs sandwiched between beds of \
laminated dolostone. At 37 metres from bade. 3
thin reddish shale beds and breccia are present.\‘\\
Trilobite fragments were collected 38 meters from
base in an oolitic grainstone bed. At 41 and
44.5 metres from the base of the unit and in the
top 6 metres, glauconite-rich beds are present.

At 51 metres from base, a distinctive bed of’
arborescent stromatolites overlain by thin pockets
of trilobite hash and sandstone occurs

Total thickness of middle dolostor{e member

Basal Silty Member

Limestone, mudstone, grey, fine-graimed; thin-
bedded; parted with thin beds of black, mud
cracked shale; few flat-pebble conglomerate beds,
max: 5 cm. thick; oolite bed at 2.0 metres from
base; grey weathering.....viiviiiverveerorrsnesssasd0
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Description Thickness in Metres
Unit Total
from
! base
Beds of the above unit are the lowest exposed
at low tide between Felix Cove and Man 0' War
Cove.
Total measured thickness of Petit Jardin
Formation...ceeesssceoeeanen e esnesevrresean Ceseneseee 127.2
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APPENDIX I ,

“ ‘ Smelt Canyon -

This section was measured on the north side of Smelt Canyon from the
highest beds exposed at the west end to the lowest beds exposed at the -
east end (section B in Fig. 3). An additional 7.0 metres of section at
the base were measured on the south side of the canyon.

Unit Description Thickness in Metres
Unit Total
from
base

ST. GEORGE FORMATION
Middle Limestone Member

7 Limestone, mudstone to wackestone or pelmicrite,
’ light grey, fine-grained; thick-bedded,
massive; stylolitic; 1light grey weathering........ 1.6 115.0
6 Covered....eiiseviveseean.... s e, 3.6 113.4
5 Limestone, mudstone to wackestone or biomicrite,

grey, fine- to medium-grained; thick-bedded,
massive; extensively.mottled with coarse-crystal-
line dolomite; irregular masses ©f brown weather-
ing chert common at top; beds consist of mound-like
. structures 2 metres in diameter and as much as 2
metres high with a radiating digitate pattern of
coarse dolomite mottling; grades to massive
vuggy. dolostone in places; grey to light grey
weatheriflg; very fossiliferous, poorly preserved

gastropods, cephalopods, and brachiopods..... i.004.27.5 109.3
-4 f
4 'Limestoné, mudstone to wackestohe or bidmicrite,
grey, fine- to medium-grained; medium- to thick-

bedded, tassive;: some chert mottling; thin wisps

of medium- to coarse-crystalline, light grey dolo-

mite 1 or 2'mm. thick are common throughout;

scattered rounded intraclasts 4 to 5 mm. in diameter

composed of very fine pelsparite; at 20 metres

from the base, irregular white weathering chert

nodules up to 10 -cm. long appear; Brey weathering;
fossiliferous - gastropods, brachiopods, and
trilobites.............. Ceennena Cener e airenee e 33.6 82.3

3 Unit consists of limestone of two basic types,
repeatedly interbedded:
Lime mudstone, grey, fine-grained; medium-bedded
(beds 5 to 10 -cm.); irregular, thin, buff, dolo~
mitic partings 1 to 2 mm. thick; grey weathering; and:
Lime grainstone or biosparite, grey, fine-grained; .
thin- to medium-bedded (beds less than 20 cm. thick),

<
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Description - Thickness in Metres

Unit Total
from
base

massive; beds are lensoid and slightly more
resistant; assymerrical ripple marks at base of
unit (current direction: 080-260); grey .
" weathering; fossiliferous ceerens.a01.3 48,7

. L :
At this point in the section,(émelt Canyon was
crossed and measurement was continued downward from
the same horizon on the south side of the canyon.

Limestone, grey, fine-grained; med ? thick-bed-
ded; planar laminated to massive ﬁ
buff to brown .argillaceous dolomite ‘a
ing; fossiliferous........ovvvivunvass

Limestone, mudstone, grey, fine-grained; medium-
to thick-bedded; thinly planar laminated (1 to
2 mm.), laminations are.in places dolomitized and
buff weathering; good fenestral porosity in places;

Total measured thickness of middle limestone

member tereaeeese..115.0

Total measured thickness of St.-George '
Formation. ....oieuiiiiii ittt it eena el 115,0
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APPENDIX J [

® "Table Mountain

This section was measured on Table Mountain just to the northeast
of the Port-au-Port Peninsula. It begins at the first stream north of
the gate on the road to the Pine Tree radar station and continues east-
ward along this stream, Since the section consists of only intermittent
outcrop in places, 1t was measured with tape and compass and corrections
made for topographic changes (section A in Fig. 3).

ey ,

Unit Description Thickness in Metres
| ~
Unit Total
from
base

TABLE HEAD FORMATION

- Intermittent outcrop of:

Limestone, dark grey, fine-grained; medium— to
thick-bedded, massive; burrowed; irregular,
thin, buff to brown weathering, argillaceous
partings, nodular texture in places; dark grey,
hackly weathering; abundantly fossiliferous,
macrofossils are common on bed surfaces and
include gastropods ard cephalopods................. 20.2  20.2

- R M

The above .unit is exposed at the junction of
the radar station road with the stream and in
scattered outcrops for a short distance to the

Limestone, mudstone to wackesgtone, light grey,

fine-grained; medium- to thick-bedded, massive;

burrowed; grey weathering; fossiliferous; and
Dolostone, light grey, microcrystalline; thick-

east. . . .
f - Covered.....ﬂ ............ et iereecesancananeans veeeanedd 0
‘ ‘ , ST. GEbRGE 'FORMATION
Upper Cyclic Member
J 4 ; Intermittent outcrop of interbedded:
3‘ .

- ‘bedded; thinly planar laminated or massive
mottled beds; buff weathering; in dbeds 1 to 2
metres thick......ccieeiriiiiiennnirioannnnacnans ....57.0 129.0
Total measured thickness of upper cyclic member.............57.0

'
Middle Limestone Membex

3 COVETRA. s savenseeseanossntnsassssassnsnsasesssssennsasl0 72.0

2 Limest-one, mudstone to wackestone or poorly

P : . PO YROUCTUTIN teo tea e
" » - - ) TP -
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Description Thickness in Metres
Unit Total

from

base

washed intrapelsparite, very light grey, fine-
grained; thick-bedded, massive; stylolitic;
bioturbated; commonly with well developed

fenestral texture; ‘1ight grey weathering. ceoeer e .57.0 65.0

Topoigraphy steepens where this unit is present.
The unit is exposed in good continuods outcrop.

Limestone, mudstone to wackestone, light grey, fine-
grained; thick-bedded, massive, hummocky; exten—
sively mottled with light grey., coarse-crystalline
dolomite, some chert mottling; grades locally to
massive, coarse-crystalline, vuggy dolostone; beds
have a mound shape with a radiating patterm’ of
vdigits" of coarse-crystalline dolomite and rounded
tops; grey to 1ight grey weathering....eoeeees velres8.0

This unit 1is also exposed at the top of the gection
in Smelt Canyon. ” '

Total measured thicknelsls of middle limestone member. ...+ -65.0

Total measured thickness of St. George Formation........-- . .
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KPPENDIX K

South Shore, Goose Arm

This section was measured on the south shore of Goose Arm from a
point ca. 1200 metres east of Long Point ta theé lowest beds exposed ca.
300 metres west of Wolf Brook.

?

Unit ' Description . Thickness in Metres

Unit Total
from
base

ST. GEORGE FORMATION

Dolostone, grey, fine- to medium-crystalline;
thick-bedded; massive; glight vuggy porosity;
brecclated in top few metres; grey weathering

Dolostone, grey, fine- to medium-crystalline;
thick-bedded; alternating planar laminated
beds and massive beds 0.4 to 2.0 metres thick;
grey weathering...... e sasessamanas

Limestone, mudstone to wackestone, dark grey,
fine-grained; thick-bedded; massive; mottled
with buff weathering dolomite; grey weathering;
interbedded with: : .
Dolostone, limy, grey, fine- to very fine-crystal=-
line; thick-bedded; planar laminated; occasion-
al beds of massive, thick-bedded, fine- to medium-
crystalline dolostone; grey weathering; in beds
0.5. to 1.0 metre thick. At ca. 13 metres from
base of unit, black chert nodules with gilicified
oolites occur in limestone. The section is _ )
fractured and possibly faulted in this area ...58,0 107.2 -

Section faulted

Limestone, mudstgne, grey, fine-grained; thick-
bedded; highly fractured; mottled with grey
weathering dolomite; occasionally faintly
laminated; dark grey weathering

Section faulted

Dolostone, grey, fine- to medium-crystalline;
thick-bedded; al ternating laminated and massive
bedg; chert mottling common near base; abundant
quartz in fractures; grey to light grey
weathering .........‘..33.2 33.2
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Unit Description Thickness in Metres
r .
Unit Total
from .
base

(BLUE CLIFF FORMATION)

2 Shale, dolomitic, dark grey; thin- to thick-

bedded; laminated; sheared; brownish

Weathering. .o esvoerrerocnoscensosoncscnnsecesaannesnasldd
- Section faulted. Units 2 and 3 (above) are repeated

by this high-angle fault. Units 3 and 1 are there-

fore equivalent, as are unitg 2 and 11.

[y -

(ST. GEORGE FORMATION)

1« Dolostone, grey, fine- to medium#crystalline;

as above....... ieeaeeneteanan Ceee e ceeadrennserso 80,2
P Total measured thickness of St. George Formation...-.......193.3 .
Contact conformable. >

BLUE CLIFF FORMATION

11 Shale, dark grey; thin-bedded; pyriiic; sheared;
brown weathering; and buff weathering, fine- .
crystalline, thick-bedded dolostone....... craeeeesea9.4 252.2

—_— Section faulted

10 Dolostone, grey, fine- to medium-crystalline;
thick-bedded; massive; coarsens in top 4 .
metres; grey weathering...iecvseveronesrsnnereassal6.0 242.8

- Section highly sheared and deformed, possibly
faulted. :

- .
9 Unit congists of: (beds 0.1 to 1.0 metre)
Limestone, mudstone to wackestone, grey, fine-
grained; thick-bedded, massive; cryptalgal
or thrombolite beds; occasionally mottled with
or with thin partings of buff dolomite; grey
weathering;
Limestone, grey, fine- to medium—grained; oolitic’
grain ne (oointrasparite); occasional intra-
1 conglomerate beds; grey weathering;
Dolostone, grey, fine-crystalline; thick-bedded,
massive/or laminated; grey to buff weathering;
few thin beds of dark grey brownish weathering, \
thin-bedded shales.......ccu0vceen Ceescesrsearere 17,9 226.8 L

8 Dolostone, grey, fine- to medium—érystalline;

(_‘_,,‘.-_,,,"‘ . : S e e d - . g P - ——
- R ! - i S PR . ' |
) ! ’ ' ' : 2 & 2 o T O L “ e
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Unit : Descriptién ; Thickness in Metres.
. - ) ! Unit Total
i from
base

thick-bedded; alternating laminated beds with

thin discontinuous zones of flat-pebble conglo-

merate in places and massive or mottled beds;

ocolitic and cross~bedded in upper part; slight

vuggy porosity with quartz infill; grey weather—

ing; 1in beds 0.2 to 1.0 metre thickee.............42,8  208.9

7 Covered....cveveneeros Ceeersaeree s tetsesresensrianan 4.0 166.1

6 Dolostone, grey, fine- to medium-crystalline;

thick-bedded; alternating grey to buff weather-

ing, laminated dolostone (occasionally with thin

beds of flat-pebble conglomerate or thin shaly co .
laminae) and grey weathering massive beds, the

latter oolitic or cryptalgal in places; wuggy

porosity in massive beds with quartz infill;

few buff laminated beds with shaly partings;

in beds 0.2 to 1.0 metre thick;

At ca. 34 metres from base of unit, hummocky

bedding suggests that 'large thrombolite or

stromatolite structures are present (ca. 1.0

metre in diameter).........ceeeveerenncncsanannnnes 72.0 162.1

5 Dolostone,. grey, fine—crystalline; thick-
! , bedded, massive; oolitic in basal 2,0 ‘metres;
.grey weathering...... Geetiaacte et neat s .e...10.9 90.1

4 Shale, dark grey, fine-grained; thin-bedded;
mud cracks common on bed tops; sheared; with
lenticular nodules of grey, blue grey weathering,
laminated lime mudstone or buff weathering, fine-
crystalline dolostone a few cm.'s thick; brown
weathering; interbedded with buff weathering, .
! fine-crystalline dolostone in beds ca. 0.5
b metres thick....oceeieeeeeneennnnn. [P 5.2 79.2

3 Unit consists of interbedded (beds 50 cm. to 1.0
metre thick):

Limestone, grainstone, grey, fine-grained;
thick-bedded; commonly herringbone cross-
bedded; well sorted oosparite or oointra-
sparite texture; in places grains are partially
dolomitized agl buff weathering; i{irregular thin

; . layers or intraclasts of buff weathering dolomite
3 ' (less than.2 cm. thick); bluish grey weathering;
: Dolostone, siliceous, limy, light grey to cream,
: , fine-crystalline; thick-bedded; massive or
‘ planar laminated; buff to yellow weathering; . ' .

. "-”-"\- T v t B " ——— i P PRIV iy v U
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Unit Des¢ription . Thickness in Metres
Unit Total
from
base

Dolostone, silty/argillaceous, dark grey, fine-

’ crystalline; - thick-bedded; planar laminated . .
on mm. or cm. scale; mud cracked; orange to
brownish weathering;

Limestbne, grey, fine- to very coarse-grained;
b thin- to medfum-bedded (10 to 20 cm.); massive;
poorly sorted; intraformational conglomerate .
¢ .texture with rounded, to tabular pebbles that
are dolomitized and buff weathering in places;
commonly overlies buff weathering dolostone, as
above; grey weathering.
Thin beds of bioturbated, dolomite mottled lime
mudstone at base of unit. Occasional thin,
» ' brownish weathering, dark grey shales. Occasion-
{ . al stromatolitesg or. thrombolites 40 cm, to 1.0
' metre in diameter (lime mudstone) often sur-
rounded and capped by cross-bedded lime grain-
stone or buff weathering dolostone, as above;
At 54.6 metres from base, stroms are truncated . )
at top by overlying intraformational conglo- ‘ yd
merate; algal structures are usually discrete.....7§.0 74.0 7

o~y

(WOLF'BROOK FORMATION)

2 Dolostone, grey, fine—cr‘Ltalline; thick-bedded;
alternating buff to,brown weathering, .shaly,
: laminated beds with thin shaly partings (less
1 ' than 10 mm. thick) and light grey weathering
massive or finely planar laminated beds with
thin discontinuous zones of flat - pebble con-
glomerate in places; fine vugs with quartz
. infill in massive beds; 1in beds 0.4 to 2.0
metres thick.(...... R e 26.6

-- Section faulted. Units 2 and 3 above are repeated
by this high-angle fault and are equivalent to
units 1 and 16 below. A small waterfall crosses
the section at this point.

(BLUE CLIFF FORMATION) ' -

1 Unit .consists of interbedded (beds 20 ¢m. to 1,0
metre thick): - o
Limestone, grainstone, fine- to medium-grained,
grey; thick-bedded; well sorted oolite or
i oointrasparite texture: cross-bedding common,
sometimes herringbone; scattered coarse pebbles
or thin mud-cracked layers a few cm.'s thick of
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Unit . Degcription . Thickness in Metres
Unit Total
from
base

1am;nated to massive, light grey to buff, fine-

- crystalline dolomite; grains partially dolo-
mitized and buff weathering in places; bluish
grey'weathering; .

Dolossone, siliceous, slightly limy, 1ight grey
to cream, fine-crystalline; thick-bedded (40
to 60 cm.); massive; planar to wavy laminated’
at base of unit with thin shaly partings 2 to 10

, on. thick; buff to yellow weathering; ’

Dolostone, silty/argillaceous, dark grey, fine-
crystallines thick-bedded; pfanar laminated
on scale of mm. to cm.; mud cracked; orange-
brownish weathering; . i .

Limestone, Brey, fine-grained; discrete stroms
or throms 20 cm. to 1.0 metre in diameter, 40
em. to 1.0 metre high; thrombolites composed of

* textureless lime mudstone mottled with buff -
weathering dolomite; often surrounded and capped /
by buff weathering dolostone, as above, or cross-
bedded lime grainstone;

Limestone, gTreY, fine- to very coarse~grained;
thin- to medium-bedded (10 to 20 cm.); massive;
poorly sorted oolitic I{ntraformational conglomer—
ate; pebbles dolomitized and buff weathering
in places, rounded ko tabular; wusually ‘underlies

. 1ime grainstone beds, as above; bluish grey

o : weathering. Occasional thin Beds of brownish

. v weathering, dark grey, gheared shale. Few thin
‘beds of 1lime mudstone at base mottled with and
grading up imto light grey weathering dolostone.
In upper 10 metres of unit, oolite beds more
common and cryptalgal beds absent. Shale beds
are more common in the upper part. A small
stream crosses the section at about 2.0 metres

frpm base of unit..eeance-ere Feesanerenn ceeamesen 71.5
Totgl measured ghickness of Blue Cliff Formation........-+ .252.2
Contact conformaple and ;brupt. -
WOLF BROOK FORMATION :

16 Dolostone, BTreYy, fine-crystalline; alternating
planar 1aminated and massive beds 0.2 to 1.0
metre thick; jaminated beds are buff to brownish . :
weathering, possibly shaly or silty, thin-bedded ;
and sheared in places; grey to buff weathering....lS.Z 239.6

P s
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Description Thickness in Metres

Unit Total
from
base

<15 Dolostone, grey, fine- to medium—crystalline;
thick-bedded; alternating massive or faintly
mottled beds and planar laminated beds with thin
shaly partings 2 to 5 mm. thick and thin beds
or irregular zones (ca. 20 cm. thick) of flat-
pebble conglomerate; massive beds seem "grainy"
in places; cross-lamination and possible layers
of fine sand seen in laminated beds at base;
light grey to buff weathering; 1in beds 1.0
to 2.0 metres thick ; ,

TT N e we S i T

Section faulted

Dolostone,; siliceous, light grey, fine-crystalline; -
thick-bedded; massive to planar laminated; white
quartz in fractures and vugs; light grey weathering.15.0 136.4

Section faulted. High-angle fault of unknown
displacement with brecciation and coarse dolomite
with oncolites in footwall, as below.

Dolostone, light- to medium-grey, medium- to
coarse-crystalline; thick-bedded, massive;
vuggy in places; poorly preserved oncolites at
top; grey weathering... e 1 79 I 3 B

Section highly fractured and possibly faulted.

Dolostone, grey, fine~ to medium-erystalline; thick-
bedded, massive; oolitic, poorly preserved
pisolites and oncolites, pisolites silicified
in places at top; high—angle herringbone cross-—
bedding at ca. 12 metres from base, grey to
light grey weathering....

Limestone, grey, fine- to coarse-érained;' thick-
bedded; ‘oncolite bed in basal metre; oolites
and pisolites, graded with only slight cross-
lamination; abrupt contact between oncolite and
oolite beds; grey weathering

Limestone, mudstone to wackestone, grey, fine-grained;

. thin-bedded; lenticular te parted with light

grey weathering dolomjtic limestone in beds 2 to
5 ecm. thick; mud cracked; finely laminated, slight
cross-lamination; grey weathering
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Description Thickness in Metres

Unit Total
from
base

Limestone, grey, fine-~ to medium-grained; thick-
bedded; massive; qglites in graded beds 5 to
6 cm. thick with top part of each bed slightly
dolomitic; grey weathering......veeveveonsivesnssolbeb

Limestone, silty, grey, fine- to medium-grained;
medium~ to thick-bedded; failnt irregular widely
spaced laminae; 2.5 metres of dark grey, fine-
grained, limy, fissile, brown weathering shale
at base of unit; grey to buff weathering

Limestone, grey, fine~ to coarse-grained; thick-
bedded; massive; interbedded bioturbated oncolite
beds 0.5'to 1.0 metre thick and oolite and pisolite
beds 2 to 3 metres thick; grey weathering

Limestone, silty, grey, fine-grained; thin-bedded;
nodular to parted with brown weathering shale in
beds 5 to 10 cm; thick; finely cross-laminated;
thrombolites outlined by dolomite mottling at
3.5 metres from base with buff laminated dolo-

‘- stone between heads; beds of brown to black

’ weathering, fine~grained, dark grey, thin-bedded,
fissile shale at top; buff to grey weathering

Section faulted. Units 6 to 12 above are repeated
by a high angle fault and are eguivalent to units
1 to 5 below.

Dolostone, grey, fine- to medium—-crystalline;
thick~-bedded, massive; oncolite and graded ocolite
beds as in the limestone below; grey weathering.
Dolomite at top, adjacent to fault, is faintly
oolitic, sucrosic, and vuggy '

Covered and possibly faulted.......iveiviieeeoeroeos 6.0

Limestone, grey, fine- to coarse-grained; thick-

' bedded, massive; thick oncolite beds interbedded
with ocolite orpisolite beds; oncolites are buff-
brown weathering, 2 to 3 cm. in diameter and
in beds 0.4 to 1.0 metre thick; oolites are

~also buff weathering in places, (possibly dolo-
mitized) are well sorted, and graded from pisolites
at base to fine oolites at top, and are in beds
2 to 4 metres thick; thin beds (ca. 2 cm. cthick)
of intrasparite occur in oolite beds, intraclasts
in places are clearly made entirely of oolites;

-
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brownish buff weathering........... ee e riee e 5.0 5.0
Total measured thickness of Wolf Brook Formation........... 239.6
- " PENGUIN COVE FORMATION ‘

T - 239 - .
Unit Description Thickness in Metres
\ Unit Total
. v from
’ base
- } contact between top of oolite beds and overlying

oncolite beds 1s abrupt but oncolite beds usually

grade up into overlying oolite beds over a thick-

ness of ca. 20 cm.; oncolite beds bioturbated with

sparse trilobite fragments; grey weathering....... 24,0 33.0

2 Limestone, grey, fine- to medium-grained; thick-
bedded; brownish buff dolomitized or silicified A
oncolites up to 2 cm. in diameter; bioturbated;
grey weathering; trilobite and brachiopod
fragments;
Limestgne, silty, parted with black shale, as
below, in beds 1 to 5 cm. thick; ripple cross-

lamination; brown weathering. These two
lithologies are interbedded in beds 0.2 to 1.0

metre thick.............. U /S ¢ 9.0

1 Limestone, silty, greg, fine-grained; interbed-
ded with dark grey, black weathering; laminated
shale in beds 1 to 10 cm, thick; a shale bed
1.0 metre thick occurs 3,0 metres from base;

3 Siltstone, dolomigic, light grey, fine-grained;
’ thick-bedded; irregular thin shaly laminae up -
ta 10 mm. thick are common; bioturbated;
occasionally cross-bedded; slump structures
common; orange brown weathering...........i.c0... .21.3 39.3

2 Siltstone, reddish grey to dark grey, fine-grained;
thif- to thick-bedded; planar laminated to massive;
iron-staining; slump structures common; irregular
blocks as much as 1,0 metre in size of buff laminated
sediment with soft sediment deformation features in

. darker beds; beds of white quartz sandstone at base

with herringbone cross-bedding; flaser-bedded in .
lower part with lenticular quartz sand layers 3 to 4 :
cm. thick interbedded with thicker siltstone beds;
assymetric ripples on' some bed tops; brownish to

h) . black weathering............ et S 18.0 18.0

5 B

Total measured thickness of Penguin Cove Formation..........39.3

o

Section ends near Wolf Brook on the south shore
of Goose Arm.
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APPENDIX L
North Shore, Goose Arm

This section was measured on the north shore of Goose Am from a
conspicuous fault near Penguin Head eastward to the lowest beds exposed
southeast of Penguin Cove. Beds at Penguin Head consist of grey weather-
ing, highly sheared limestone with beds of buff weathering dolostone.
These beds greatly regsemble the upper cyclic member of:the St. George
Formation (as exposed at Bonne Bay and Port-au-Port) but are highly
contorted and unmeasurable.

L — S .

! Unit ' Description Thickness in Metres
Unit Total
from
' base

ST. GEORGE FORMATION
& Middle Limestone Member
12 Limestohe, mudstone to wackestone, dark grey, fine-
grained; thick-bedded, massive; highly sheared
. with abundant veins of coarse calcite; mottled
{ with grey weathering, fine- to medium—crystalline
; ~dolomite in places, mottling probably related to
bioturbation; . sheared limestone is interbedded
with more competent, laminated to massive, buff
to light grey weathering, dolomitlc limestone;
dark grey weathering; crinoid fragments are
abundant in upper 30 metres and constitute up
to 80Z of the rock iIn places.....cveveceeenneens s 100.0 476.4

11  Covered...... e T e et ....5.0 376.4

10 Limestone, as above, but crinoids absent; dolomite
mottling common; 1in beds 0.5 to 1.0 metre thick;
interbedded buff weathering, faintly laminated
dolomitic beds 20 to 50 cm. thick...... i 10.7 371.4

SoarE e

9 Covered.......... e rr e e ereeeena e e 1..5.0 360.7

B Limestone, as above, highly sheared with veins of
coarse calcite abundant.......... e e e e aaee o .48.5 356.7

Total measured thickness of middle limestone
member. . vcooveeacaanes e s e teits it s e s s e e s e 168.2

Lower Cyclic Member

7 Dolostone, grey, fine- to medium-crystalline; thick-
bedded; massive .to faintly laminated; fracturg B
and vug porosity with quartz infill; grey weather-
ing; 1in beds 1.0 to 2.0 metres thick;. interbedded with:
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Description Thickness in Metres

Unil‘: Total
from

. base
. Limestone, mudstone to wackestone, grey, fine-

grained; thick-bedded, massive; mottled with
grey dolomite; sheared with calecite veins
common; grey weathering; poorly preserved
gastropods common on bed surfaces in basal part
of unit, Dolostone beds are brecciated in
Places with no obvious relationship to

faulting........ ittt ieae., Chereaa resecereaee...70.8 308.2

«.6.0 237.4

.............................

Interbedded dolostone and limestone_, as above;
in beds 0.5 to 2.0 metres thick; limestone beds ’
have poorly preserved low—-spired gastropods up
to 5 dn. in diameter on bed surfaces; limestone
beds are mottled with fine- to wedium-crystal-
line, light grey weathering dolomite and grade
up into massive beds of the latter in places.
At top'of unit, 2.0 metres of coarse vuggy dolo- .
'stone are present, Possibly adjacent to a fault....44.8 231.4

Dolostone, grey, medium- to coarse-crystalline;

thick-bedded, massive; mottled with white dolo~

mite giving rise to a "pseudobreceia" texture; )

chert common as nodules and mottling; quartz - ‘

In wvugs; light 8rey to grey wveathering............ 55.2 186.6
Covered............... .. e ettt
Limestone, mudstone to wackestone) grey, fine-

grained; medium— to thick—-bedded; massive;

dolomite mottled in places; thin partings 1in
some beds; occasional strom or thrombolite
heads surrounded by skeletal grainstone

"channels" (biointrasparite); black chert

noedules; blue grey weathering; poorly pre-

served gastropods on bed tops; ‘interbedded
with:

Dolostone, 1limy, light grey, fine-crystalline;
thick-bedded; massive to Planar laminated;

buff weathering: in beds 0.5 to 2.0 metres

thick......_.'... ........ 83.4 129.4

........... L R I T T TS,

Dolostone, grey, fine- to medium-crystalline;
thick-bedded; alternating planar laminated {
and massive beds 1.0 to 2.0 metres thick;
quartz in vugs; cross-bedded dolostomne at
base with S to 10% well rounded quartz sand;
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Unit Description Thickness in Metres

Unit Total
L3 ’ . from

. base
intraformational conglomerate texture in

places with thin mud cracked layers; some.

chert mottling; grey to buff weathering........ ...46.0 .  46.0 b
Total measured thickness of lower cyclic member............ 308.2 3
: #
Total measured thickness of St, George Formation........... 476.4 2

-- Covered. Interval covered in the center of Penguin
ove. Section is likely faulted in this interval,120.C

\ BLUE CLIFF FORMATION

3 Dolostone, dark greW fine- to medium—crystalline;
thick-bedded; fain laminated beds and massive
-mottled beds; o0o0lific in some beds; thin beds
of flat-pebble conglomerate; vugs and fractures
with white dolomite and quartz; often brecclated;
mottling in basal part may be in part poorly.
preserved pustular stromatolites; 1light to dark
grey weathering. Bedding attitude steepens
downsection and at ca. 21 metres from base,

< bedding is overturned, The basal part of the
section is deformed into a tight upright -fold

Qand is faulted........ et tarerseernanasensseesssse3B.6 113.1

2  Covered. Abrupt chaige in lithology......... cereenea 14.0  74.5

1 Unit consfsts of interbedded (beds 20 cm. to 1.0
metre thick): )

Limestone, grainstone, grey, fine- to gedium-
grained; thick-bedded; well sorted ocolite
or oointrasparite texture; herringbone cross-
bedded in places; thin layers (cm.) of buff
weathering, laminated to massive dolostone;
colites buff weathering and dolomitized in
places; bluish grey weathering;

Dolostone, siliceous, light grey to cream, fine-
crystalline; thick-bedded; laminated or
massive; buff to yellow weathering;

Dolostone, silty/argillaceous, dark gray, fine-
crystalline; thick-bedded; planar laminated,
mud cracked; reddish-brown weathering; ) N
Occasional beds (at top) of dark grey, thin-
bedded, dark grey to black weathering, sheared
shale and thin-bedded 1ime mudstone with thin
shale partings. Discrete stromatolites or’
thrombolites up to 1.0 metre in diameter are

T : ey o




- 243 -

Unit : Description Thickness in Metres

. Unit Total
from
base .
common, usually capped by grainstone or siliceous
dolostone, as above. Few beds of poorly sorted
intraformational conglomerate............... ceen...60.5  60.5

The section is-highly deformed throughout the
above interval; beds are steeply dipping to
locally overturned. Minor folding of beds"
parallel to the regional fold axis.

; Total measured thickness of Blue Cliff Formation .........113.1
! : .
li' WOLF BROOK FORMATION ‘

- ’ 6 DolOstone’, grey, fine- to medium~crystalline;
g " thick-bedded; laminated and massive beds,
oolitic in places; few beds of intraformational
conglomerate; quartz in vugs; light grey and
buff weathering; in beds 1.0 to 2.0 metres thick.
This unit is much less deformed than the previous..15.6 143.7

w

Covered.sivs v e en e eaaeraennn. e ens beseeaean ...6.7 128.1
4 Dolostone, grey to reddish grey, fine- to medium-—
crystalline; thick-bedded; massive and laminated
. beds 1 to 2 metres thick; thin zones of flat-
pebble conglomerate; quartz in vugs; fractured
and coarser in basal 20 metres; sHaly partings

s in places; light grey to buff weathering.......... 86.0 121.4
i
5 B COVETEA: e s s snvs v srereneeneaeesssnivensncnannsennnsa16.4 35,4
- Section faulted
2 Dolostone, grey to light grey, medium- to.coarse-
crystalline; thick-bedded; Interbedded oolite
and oncolite beds 1 to 2 metres thick: grey
weathering...........co.0umuan itteeseeente e ...9.8 19.0
-~ Section faulted
1 Interbedded, in thin beds: )
Shale, dark grey, fine-graiped; thin—:bedded;
laminated; brown weathering;
Siltstone;] dolomitic, grey, fine-grained; thin-
} to* medium-bedded; laminated; brown weathering;

Limestone, wackestone, grey, fine-grained; thin-
bedded; bioturbated; oncolites abundant; grey
weathering; fossiliferous...... .. evucrnrrrniins-ral9.2 9.2

.
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Description Thickness 1in Metres

'Y ' Unit

. ,
_ Total measured thickness of Wolf Brook Formatibn....casae.

PENGUIN COVE FORMATION

Siltstone, dolomitic, dark grey, fine-grained;
thin-bedded; _laminated; sheared; brown
weathering.......cc0ne Ceceeaesaaens WiessnssaasareeslDdlb

Sandstone, reddish grey to white, fine- to
coarse-grained; thick-bedded; laminated;
cross-bedded ih places; few thin, dark grey,
black weathering, shaly beds 3 to 4 cm. thick;
brown weathering; interbedded with minor:

Shale, silty, dark grey, fine-grained; thin-
bedded; sheared; black weathering; 1in beds

"1 to 2 metres thick; slump structures and
blocks common..................................;...59.0

The above beds are steeply dipping and are ex?oéed
on the southeast side of Penguin Cove. |

Total measured thickness of Penguin Cove FormatioD........

Total
from
base

.143.7

74.6

59.0

.. 74.6
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APPENDIX ‘M
South Head to Lomond River, East Arm, Bonne Bay

This section was measured along the southeast coast of East Arm,
from South Head to the top of the cliffs east of Lomond River. ‘

Unit - Description Thickness in Metres

Unit Total
from
base

ST. GEORGE FORMATION
Lower Cyclic Member

Inaccessable. Exposed in the highest parts of the
cliffs, this unit was examined only with field
glasses and consists of grey weathering, thick-

.bedded strata similar to the units below. Thick-
ness estimated..... ..ottt enns A

Dolostone, grey, fine—crystalline to microcrystal-
line; thick-bedded; massive beds alternating
with planar laminated beds; occasional stromato-
lite beds, type LLH-C, ca. 25 cm. in diameter;
chert common as nodules and irregular mottling;
grey weather