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An archacocysth rich biostrome cr 1 the
»

middle of the Forteau Formation [ er Cambrian) of south-
ern Labrador, is divisible into &} T:e':
sand Faeirs, and (2) Biostrome Facies. tratigraphic and
sediment qic analysis of eight sel > cas indicates
that the Biostrome Facies was deg dward of the
oolite Sand Facies and that the palesslope sloped towards
the south or south-east. The highly -.rrrru:]n;- nature of the
contact between the two facies suggests that salients and
recesses ocourred within the Oclite Sand Facie and th
the Bicstrome Facies was depc ited an shallow swales within
recesscs. "

Seven '.:“'olr.wics make up the Oclite Sand Facies:
skeletal grainstone, oolitic ai ne, mixed solitic
grainstone, mixed pcloid packestone, mixed oncolitic grain-
stone, intraclast grainstone, dolostone and dolomitic silt=
gtone. These lithologies are considered to form an ocelite
shoal cemplex consisting of an active shoal, stable sand

channels, storm-affected supra-tidal islands, and leeward

oolite shoal spillover lobes.

The Biostrome Facies was deposited seaward of, and on

shallow swales between, the ocolite shoals. This

consists of five distinct units : Dolomite M vl Unit (DD,
Red Mound Un‘jt {BR) , Nodular Mound Unit (BK), Oolite
Bioherm Unit (BB}, and Grey Mound Unit (BG). Each unit

consists of two lithofacies : (1) skeletal calcarenite, which




between unit

genetic roc

ype applicd to mou

ertain

ve dif ferent moum

tone lithofacies occur, all

origin. F

ntain archaeccyathids and s times calcareous

of which

algae, in a mudstone matrix. Tb nds . ‘

biostromes, and rarely bicherms, all flanked by skeletal

; . » .
calcarenites. Dolomitic Moundstones (BO-1) a Nodular

Mound [BN-1) formed ingrelatively deep water, seaward

of Red Mound

which accumulated in lateral contact

with

3

and

active oolite shoal. Grey

vathid Bicherms (BB-2)} accamul

protected swales between oolite als

Bioherm” lithofacies % flanked by ‘g

calcarenites

Diagenet nal deposit-

ional texture of the moundstones and calcarcnites include:

dlution and cementation, morphiam, dolom

slitizatio

itization, silicification, pressure solution [sty

and fracturing. iagenetic fabrics were formed by these

processes operating in,a number of diagenetic environments.

Micritizaticn, macroborings and facies specific cementation

were formed by processes operating in the submarine diage ic

environment.. ective dolomitization cccurred in a zone of

€
— -
mixing between metéoric phreatic and marine phreatic waters.

Minor dissolution and widespread cementation occurred in the




formed in the

zone., Faprics ireatic

vironme

4
ion, fracturing,

Aich

par

include extensive stylolitization, dissolut

pore-fill cementation, and aggrading neemorphi

a trar

include tional micrite-micre

fabr

affecting archaeocyathid skelefons. Widespread dolom-

itization and rare silicification and stylolitization eccurred

specified diagenetic envirer

ment .

in a late, 1
The aute

cology of archaeceyathi

« calcareous algae,

stromatolites, a new, primitive 'coelenterate’

e', brachiopods,

1ite

ilobites, hyoli

hids, echinoderms, and agmata [

is reviewed o

three faunal/floral assemblages are recogni

nite faunal assemblage, "\J

edo: ntly of echinoderms with brachiopods,

[ 4] mound-flanking Skeletal Calcar

consisting

trilobites, hyolithids 2 alteralla, (2) mound=dwell ing

assemblage, col

sisting predominantly of archaeocyathids and

calcareous algae with brachiopods, trilchites, o elenterate,

sponges, hyolithids and the ichnogenus Trypanites, (3)

coelobitie (ecavity dwelling) asse

blage, found mainly beneath
t N .
retilamini form archaegcyathids and consisting of pendant

calecareous algae, foramini fera, encrusting archaeocyathids,
“t

Archaeotrypa, spenges, trilobites, and worms.
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lithelegy of

rrecambrian

Strait

51930 anéd a longitude ¢

ropped kills, bounded by terraced cliffs
river wal al area and give way
rugged Preocambrion terrain.  The sioaranhy refl
L

the

igh, steep sca
L'Anse au Loup (Fig.4), are formed of Lower Cambrian sand-
stones [bradore Forpation). These cliffs also form the o
anf the major river valley The s, t t
1 more relli aphy, formed by Lower Cambirian lim
siltstones and shales of the Forteau Formation, ich rises
to a maxi elevation of 843 ft. [25%% m) above sca-level

Fortean,

Well-developed terracing, formed by differential erosion

rt and punbar, 1934) occurs when the Bradore Formation
and Forteau Formation are continuously exp as to the
west of Schooner Cove.
Four majer river valleys run parallel to each other in
a N.W.-5.E. directi valley containing
rivers draining into t saea at Blanc Sablon, Forteau, L'Anse
au Loup, and L'Anse au Diable, cut down into the underlying

er

completely controlled by faulting (sce below) .

area,

of Belle Isle (Fig.

and the occurrence of faults.

bed-rock

Bradore and

as those betwee

dr

stalline basement. The upland nage pattern
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Kindle, 1967; Cummi , in press)
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as Alabama (Palmer, 1971; Willial
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siliciclastic

197

~rably shorter duration,

in age, comps

wer Cambrian

eyele com

tion and Hawke Ray

into a deminantly

mations in

lower and ind Table
the leb.

Iy everlying the Table
Ord itan i af a we

at ion

(Goose Tickle

Ate suc on [(Williams ot 1974)

2 in Found

ochthonous unit

El

the Humt

Zone consists of an

sequence i

sorted rocks,

sarse |imestone brec

neluding

@S,

eia, are interpreted as being eastern oo pories of the

than , and occur in

1thoc

slices, while the higher slices are interpret

sultes (Williams, 1%75).
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relationships

fault

number of faults

roNLH.-5.H, Taulls

Anse au Clair,

te Amour |

oUCul

troll

valleys
'
wit b=

the Caults.

rian t

fault contrellod o

whetl

wcially

Bradore

dore Formftion (Schuc

formak overlics the I’

plex.  The contact is a

can be seen at the

1978; Cumming, in press)

»lon.  The bas:

cliff to the east of Bla

s of thin conglomerates and red arkosic sandstones

15 m consis

»1 ribution (Swett

r current-bedding di

1 and bip

with a bime

dies (Reineck

and Smit, 1972) characteristic of tidal

and Singh, 1975). The upper 3% m is a more mature arkose

to orthoquartzite. The mest obvious structure in these sedi-
ments are many vertical tubes interpreted as water-cscape

structures (Cumming, in press) but widely accepted as bur-

Other trace feossils,

rows and called Skolithus lineard

lichnus, also

including Menoeraterion, Delophichnus, and Ling

¥
oecur in the Bradore Formation (Pemberton, Jomes and Kobluk,




Fig. 4: Sandstone cliffs of the Bradore
Formation exposed to the east of
L'Anse au Loup.



nie are hroken 1

Lelieved to be obollelids (Balsam, 197

aximumr Chickness of the Bradore Pormat bon wat ol

The

thickening Lowands the not

rre he rocor

mation oo

incomplete. Egul

found land includs

da Bay, arn

1969) . Swett

correla in Scotla (Eriboll Sar

Grecnland (Klgftelv Formation).

ral

m

tion

eauy

The Bradore Formation is conformably overlain by the

103

Forteau Formation [5¢ hert and Dunbar, 1934},

rpents record the first occurrence of carbonate rocks during

al shelf. Only

oic cont

the evolution of the Lower Pal

the basal 185 ft. (56 m} occurs in Labrador but the maxi

jge ft.

complete thickness in the Highlands of John is

{117 m! (Schuchert and Dunbar, 1934) .

ces with a basal dolo

The sequence (Fig.3) com

shale unit, 3-4 m thick. This is overlain by an archaeocyathid

patch-reef complex (Fig.3) which has an average thickness of




Fig.5: Patch-reef facies of the Forteau Formation east
of Fox Cove. A patch-reef (centre) is flanked
on either side by bedded skeletal calcarenite.

Fig.6: Shales and siltstones of the open-shelf facies,
Forteau Formation, exposed in a guarry near to
Ten Mile Lake, western Newfoundland.

- 12 -



They
lateral ale interbe
torme

yathid =l shoerms and &r

Oy

the ate
2 ime e cyelic,
into nodular limests
with a maximum

The patch=rect 5 (Fic
archaeocyathids - reous algae in

rhese arc I ked Ly off-reef skeletal

the reef

rplex
calcareous and dolomit and shales

and Kobluk, 1978} which contain ¢ ch and diverse

¢ |(Pemberton et al., 13770,

the sequence in Labrador consists af

archaeccyathid-rich me 15, surrcunded and inter-

‘letal and/or colitic calearenites and lime

mudstone, te 20 m thick (James and Fong, 1976} (Fig. 7).

These rocks are the subject this thes
Traced eastwards into New the patch-reef comp-
lex of the Forteau Formation grades into black potassium-rich

shales (Fig.6) with minor limestones and siltstones (James and

Fong, 1976). The biostrome conplex is present in 5t. Margar ets




Fig. 7: Archaeocyathid-rich, lime-mud mounds and bedded
calcarenites of the biostrome complex, Forteau
Formation, L'Anse Amour.



lerably further south in the Highlan

rt and Du 1934) ., To the north o
1 Lo w south in
archacocyathids

Formation,

reported

arygillacenu

atien in

both trilobites and ar iny

1lus zone

formation falls into

wor Elankian)

latable with the Sekwi

and Bo

The cccurcence of

tagry

u Formation falls into

the Forte

suggest

le on the

nria-tlenellus zone

i, it [alls into Lhe mi

nneria

logar

using archaesccyathids, the Forteau

the Ubrutchev horizon‘of the Elankian stage of the

table wi

siberjan platform (Rozanov and Debrenne, 1974 .

Mmay be concluded therefore, using kb

the Forteau Formation represents the topmost Lower

we reels arengst the youngest arch weocyathld stru

and makes

ures so far recorded [James and Kobluk, 1978) .

e,
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AREAS SELECTED FUR DETAILED

Y

As a precursor to detailed analysis of the biostrome

complex, reconnalssance mapping of the arca “under study

revealed that strata overlying the widospri ad sil S

and shal

above the ywcr patch-reef :-'I'k\'l;-".. were eith
archaeccyathid=rich lime-mudstone or volitic calearenites

(James and Fong, 1%76). E amination of all

1ilable nut-

crops in southern Labrador suggests that these Lwo

logies along Wil th respective associated lithol

prise two distinct facies, herein called:s [1} Biostrome

F

ecles (sensuy strict ), (2} Oolite Sand Facies, 1

e
Chapter 3}.

logie variation between and within the two fac-

Lit
ies is such that ten areas wWere gelected for detailed

study (Fig. 8). Five of these arcas are within the Bio-

strome Facles, four are within the Oolite Facles, and one

area cosbines both facies. Tha areas selected for detailed

study are outlined below. The letter refersto the position

of the out

op on the location map {Fig. B8). (A} Blanc

This eutcrop is the westernmost exposur

Blostrome Facies and consists of a geod vertical sectlon

which differs in lithofacies arrangement from the Fointe

Amour peninsula. (B) piversion Reef: This ared, which in-

cludes the transition between the Biostrome Facies and the
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in detail for each lo

discussed in

A
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n covered,

ks under study constitute a
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s extensive
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h good b

ng plane ex
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ke of both facies are present. (H)

od this is the

very poorly expo

ft

that stud-

e Oolite

are documento

and facies re

ices [(A-H) and are

cality in the App

the text.

FIELD ML b §

facies

osLrom:

riation, just as much emphasis was placed




vertic

loglc chanyes

T AT

were drawn to record the horiz

About 220

in complex are:

nation,

elled for Lory ex

IO

pue to the

ny terms used to

sil remajns,

ions of tt

ions of

discussion

this thesis. n ition, new terms arc int

jate or non=exist

fnadec

ral definitions in the gqeo-

blostrome has s

review Kelson, |

logical literature (5

in this thesis to seribe a diverse suite of cks, pred
ominantly organic ac ulations which rm a atigraphic
entity of considerable lateral extent, often measurable in
kilometr {ef. Cumming, 1932). Sea-floor relief was pres-
ent or absent but the unit probably did not form a wave-
.
resistant structure. %
’ Y - 19 - 9
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w

1 bioherm which is also an org

accumulation, with or wWithout primary positional relief,

but is not a stratigraphic entity because it is surround

of different litholos and has limi

asurable 1n metres, L

oKt

resistant structure (ef. Cloud, 1952).

A reef is an organic accumulation and deoc

tructure. Its can be cxplained using

of the terms biol biostrome to

m

the adjective form

the word recf (cf. Nelson, 1962).

(Folk,

‘Me throe most used limestone classificatic
1959; 1962; Lunham, 1962; Embry and Klovan, 1971] were cach,
in their own way found to be inadequate to describe the rocks

under study.

Embry and Klo ised the inadequacy of

(1971) recoc

fcations regarding ‘reef-

both Folk's and Dunham

discussion in Embry and Klovan, 1971;

like' accumulati
p.733), but retained the useful grain-size discrimination of

Folk (1962), and the textural classification of Dunham (1962)

in thejr own classification (Embry and Klovan, 1971; p.734-737)

which is widely used today (James, 1978). F

Using Dunham's (1962) classification for the allochthon-

ous group of rocks {mudstone, wackestone, packestone, and
grainstone), Embry and Klovan introduced a new size fraction
of particles larger than 2.0 mm and subsequently added two
new names for rocks containing more than 10% of the greater
.
\

- 20 -
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tiuild-

rock-type
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as baffle:

Problems Aarie

eypes in the Eield.

fflestone 1S

particularly difficult and normally requires execlle

osure in three dimensions and conside

¢ interpretat

by the worker, as noted by Embry a Klovan (1971, p.737).

For the purpose of t

. 4 neW non-goen

e rock-

UHDSTONE. This s do

ed as an aut-

e i propose

assemblage of skeletons and matrix sediment, com-

iston

also be wacke

, ibut may

one or

stone )

which toget have an external geometry of a mound,

trome, bicherm or reef. This rock=-typ

tions and is used only to describe lithologies of an authoc-

thonous nature where the

5 of sediment trapping 18

: has no genctic implica-
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Florida (Turmel and 5w
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ey i
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calecarenite sand bodies v

basic

asurable in tens of wetres, f

——

wring

1is usually

frpg,a maximum thickness at one cnd
(8

and e¢Ventual disappearance at the oth

with moundstone is interdigitatory althouygh vertical inoa

Ly bed

broad sense. ‘The calcarenite may be horizont

may drape off the moundstone  t angles of up to 16 degre

aned flat-based

{2} Lens: This is usually flat-toppc

ntact with

over much of its extent, but thins towards the o

the order of tens of

e. Lateral extent is

the moundst

rtact

Ce

metres and the thickness generally less than

with the moundstone may be horizontal or draped. {3

ased

This is usually flat-topped and

Tabular lcns:

and normally more than 1 m thick. It differs from a normal

lens in that the contact with moundstone is vertical (although
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f thin bed that persis

laterally. -
1 se, mor
reco
Tad,
where the of thar

the t

cation o

to achieve in the field (Hill,

organisn

on skeletal morphalogy of tb
siderable warlatit

ba undif

ic

cyathid skeleton is a

(Hill, 1972)

sec the shape of th

are recognised (Fig. 10) (n

v ha the eonty

parallel

height, the diameter, it

is circular i

This form was later identified as either

rchacocy

atlanticus . Debrennc

or Metaldetes simpli

comm., 1978). i2) Cone (Fig, 10b-c). This form is es

entially amn

verted cone expan g vertically from a basal

apex. It is circular in cros

I'wo cateyories are

recognised: narrow cones (Fig. 10b), where the angle of the

Sides of the cup from the horizo

is more than 45 degrees




‘catonial’

Archacoc

¢, Wide cone

Metaldetes profundus

Metaldetes profundus

f. Retilaminiform

Re

ilamina amourensis

Fig. 10: Sketch illustrating the different
archaeccyathid merphotypes,
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where

2. 10c),

the latter category (althe

»ex, then the

[Fig. 104}, If the apex of the

nsiderakle distance wi sides parallel to one

¢l is recogn {rig. 10e). ALl the

then a fu

egory were later identified

yathids in the cone ce

F. Debrenne,

10£). This is a new archacocyathic

o and

and genus, Retilamina amourensis

prep.), which is dome-shaped to sheet-like in form

cyath-

palececoloay; Ar

{see deseript

Facie:

in the

A now o

tentatively

finities but has be

rtain zoological a

a primitive skeletal coelenterate. This argan=

Kobluk and Sorauf (in prep.) and

wly b

rpose of this thesis it is referro

enterate.

given as follow

Relative abundance organisms i

04 of rock volume; Rare, 0-5%; Prescnt, 3-10%;

10-25%; Abundant, 25-50%; Very Abundant, more




PETROGRAPNY

Introduction

amples from the two facies were sl abbod

ately 150 thin-sections were prepared

thimn

secti

portions of the

Alizarin Re potassium ferric

between caleite amd do ite, and to

tion of faorr iron in the

1, 196

Est imates of perc

ly as was the approxim

grain size is stan

u), silt {(4-100 u), fine sand (100-

granule (2- pebble (more than 4

structures were noted in the

Sedimentary and biogen

field. e biogenic structures [(burrows, clc.) app=

ear to be dolomitize wottled) and are r rrred b

turbation, the percentage of which w estimated visually.

C

mponents

r components can be divided into skeletal and

non-skeletal categories. Skeletal components

various states of preservation, most of which are character-

istic for each individvwal taxon, and are used, along with

skeletal morphology, for petrographic identification. “Ech~

inoderm plates, trilobite carapaces, Fora-

minifera,. calcareous algae (Renalcis, renalcid, and
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valocareo

achiopoc

aencyathid skeletons ve rotained most of eir origin

ed by these along w

skeleral structures and are identi

characteristic morphelogies. archacocyathid
skeletons have undergone aggrading ne times
dolemitiz Chapter 1 Diagen i
rec ble by ir skeletal
d, hyolithid and caleareous brac
ority of brachiocpods present) have been leac the

voids later f ed by a calcite ce

these components is more difficult in this case and

phology alone must be relied on,

Non-skeletal components, because of their wide wvar-

iety of i noe terminologys, are descr ibed below,
— d matrix '
—

The original mud-sized matrix has ncorly always b
neomor phosed Lo microspar (up to 25 ul. Relict patches
of micrite (less than 4 u) arc rarely secn, usually in
shelter cavities or between clumps of calcarcous algae.

Doids are the most common non-skeletal componont in
the Oolite Sand Facies but also occur in Oolitic Calearen-
ites of the Biostrome Fa 8. They are prescerved in a

‘ variety of ways including; a radial-concentric fabrie, a

pseudospar fabric, and a dolomite fabric. These fabrics are




doescrib in detail below (Chapter IV, Diagene .
Composite grains [(grapestone)
In the rocks un r study composite grains consi

predominantly of oc and echinoderm pl: :. They are

alearenites of

often an important constitgent in

the Biostrome Faci

and occur sporadically in the oolitic

and oncolit grainstones of the Oolite Sand Facies. They

(750 u) consist

ler in the colitic grainste

of 2 or 3 ooic lded in micrite, hoth in the interstices

onk

and around the margin of the grain. are both larger

and more com

mon in the oncelitic grainstone and the Oolitic

Calcarenites of the B

some of the compon-

strome

ents are truncated at the mar grain

bsegquently  rimmed with n

grains ¢ nly form the nuclei of the oncolites. Foll=
owing the terminolegy commonly wsed (Illing, 1953; Purdy,

1963; Winland and Mathews, 1974;), the composile grains in

the rocks under ly are probably grapestones.

Peloid

The term peloid embraces all grains constructed

an aggregate of cryptecrystalline carbonate, irrespective

of origin {(McKee and Gutschick, 1969), thus avoiding genetic

ations. It is thought however, that elongate ellip-

impli
soidal peloids may represent fecal pellets (Bathurst, 1971).
In this study, the only peloids, except for the occasional

micritized occid or skeleton, are very well-sorted, small
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(130 = 35 u)}, elongated ellipsoids, suggoesting a common
origin; probably fecal.

Rarely, the peloids are replaced by a single calcite
erystal, and more commonly are replaced by dolomite, in the
form of either a single rhomb or several smaller rhombs

(cf. ocoids).

colites and encrusted grains

Oncolites, oo ing only in the Oolitic Sand Facies,
range in siz¢ "from 7 mm to a maximum of 35 mm, ar 1 have a
i her a single skeletal fragment or a

,site grain. The nuelei are then encrusted with tubules

comp

of the blue-green alga Girvane along with entr pped

guartz arains and small skeletal fragmen The oncolites

are not deformed and have ov the nucleus

,laminae arbund

{type -C of Logan, Rezak and Ginsburg, 13964). They show
evidence of more than one period of growth with a maximum
of three being observed.

Encrusted grains are defined in this study as grains

that are coated on one side only by Girvanella. They never

make up more than 5% of the rock volume. . .

Algal intracl

asts

The only cbserved intraclasts consist of t'u_rvilr\lﬂlg
tubules with microspar filling the interstices, and ranuc in
size from single filaments up to clasts 6 mm long. They
vary in morphology from elongated clasts with ragged margins

and a high proportion of microspar, to perfectly rounded

P







D IMENTOLO

the biostrome

facies [sce Fig. 72, in pocket): (1)

:ries of archacocyathid-rich, 1lime-mud mounds

consists of a

"Oolite Sand

and flanki skeletal calcarenites.

oolitic ar

of a series of ¢

Facies" ¢

wes, mixed component grainstones,

wet

the two facies are laters:
i

other is not in doul With the excepti

ner Co wendix G}, all of the

P

cither the

hologies

area consist of 11

the CUolite Sand Facles

piostrome Facics

between the two facies can be seen in the large cliff out

crop &t Osprey Reef (A

e Biostrome Facle

sendix €

rlite

ss-bedded oolites of

passes laterally into ore

pocket). At Diversion Reef

isee Tig. 73,

and Facie

rome Facies passes northwards into

{appendix B), the

lites

*h ool ps, burrowed

calcarenites of the Colite Sand Facies. The only sc

chooner Cove

acies are interbedded is at :

where the two

yeyathid-rich mounds of the Biostrome

[Appendix G) where archae

are inter-bedded with colitic and oncolitic grainstones

Oolite Sand Facies.




STROME FACIES

is

1

Biostrome Facies into

The facies i

laterally

lower cont

but

a large area and o

rock jes that are la

»r within a unit. Each

wree discrete 1i

alog h are noted in the

ofacies Lelow) . various

ription of the li

trome Facics

ated as follows:-

identi-

given numbe

be sub-

facics be recognised

alent lith

2 or 3 laterally e

which may contain up to three discrete litholegies.

units, Within each of these units,



f the Bio

neralized vertical section

A

is outlined here, and in Figure L1. This 15

for describing the ricus lithouw

asured se

The the Biostrod

istone or skeletal

un

OCCUrEence

the siltstones and sh

cases, Dolomi Moundstonc

lent Bla iales (BD=2) ar e

form the basal unit. Sharp lateral cont
archaeocyathid moundstone with delomite

enite bodies. For contrast, black ales and siltsto

laterally into both moundstoncs

aracteri by the large dolomite p

unit is

flora of relativ

bedded a fauna a

nsity

«1 by a thin

The Dolomite Mound Unit °s

laterally extensive sheet of skeletal calcarenite

over lain by the Red Mound Unit

flanking

o (BR-1}

hid=-rich Red Moundstor

archaeocya

skelétal Calearenite (BR-2). This unit differs f

underlying Dolomite Mound Unit by its red colour a

and flora of very high density and diversity. &

The Red Mound Unit grades upwards into the Nads

-
Mound Unit (BN} which consists of a black to darksg

strome Facies

m the




DOLITE BaDHEAMS

BB 10 gunc CLEE
. Cwcsensr alr

BN . NODULAR MOUNDS

B0 ek LER
Maenditang

Unt BR BED MOUNDS

BR Reg AR 2 Sueiael
Mounditons Catc

Unt O DOLOMITE WS
I Delomine 802 Biger B0 3 haletel
Maundyione Seales Caltsen

“apan Sewl Facin”

section of the Biostrome Facles

fen into five units and five varicus

Fig. 11:
illustrat
lithofacies.




lular

and later<

This unit

ina of

e bt

aect

ite Bioherm U

the overlying o

westone to grainstone) i

e (Bi-1) flankec

Siltstone

colour, the abun

and the presence of stromateol

algae,

seription of Lithoun

-t units are recognised

Yithin tb

outhern Lab

twie common lithefacies are: (1] Moundstone, {2)
gkeletal Calcarenite. Siltstone a in
t The skeletal

some of the units but only in minor 4

ofacies are gimilar in compositlor Lt

enite 1i

s so this lithofacies 18 eribed only once.

out the [ive

On the other hard, the composition of tha moundstone

to unit and these differences are highliyhted

reatly from unit




in the individwal descriptions.

Lith s Skeletal Cal

BG-13,

e skeletal calcarenite consists of a w

brown re

to arain

stant wackestone to packestone (¢

stone te archaeocyathid floatstone with a packeos matrix

(Fig., 12). The calcarenite

mposed mostly of echinoderm

delris with disarticulated, but unbroken, inart teulate

brachiopod shells, and to a lesser extent trilobi and”

olithids. Large archacocyathid fragmen

arc common ad-

*
jacent to the moundstones but are rare away fr

Pockets, up to 200 em thick, consist almost ont ir

articulate brachiopod shells and are reolative

Mud matrix

prises from 0-35% of the rock

The cal

and for th

enites arc massively bedded

part contain no diagnostic physical sedimentary struclures.
Minor cross-bedding cecurs adjacent to the mounds where the

calcarenites often dip off the moundstone

angl up o

15 degrees. The cross-bedding always dips away from the
mownd. [Fig, 25). Other physical sedimentary structures

are rare, occurring only locally where they are generall

restricted to ene horizon (e.g. mega-ripples and ripple-

marks in the Dolomite Mound ynit at Fox Cove (Fi 1% and

14). Stylolites are common throughout.




Fig.12: Bedding-plane exposure of skeletal calcarenite
which flanks Dolomitic Moundstone (BD-1) at Fox
Cove. The small, white areas (bottom, right) are
archaeoccyathid fragments.
Scale is 30 cm long.

Fig.13: Bedding-plane exposure of mega-ripples in skele-
tal calcarenite (BD-2) at Fox Cove.
Hammer is 25 cm long.
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Fig.14: Bedding-plane exposure of rippled skeletal cal-
carenite (BD-2) at Fox Cove.
Scale is 30 cm long.

Fig.15: Dolomitic Moundstone lithofacies (BD-1) at Fox
Cove. A pod of dolomite (D) is surrounded by
nodular moundstone.

Notebook is 20 cm long.
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The skeletal calecarenites occur in a variety of geom-

\_el"nl?s including wedges, tabular lenses, lenses, sheets and
e

channels. They alsc occur as small lenses within soveral

of the moundstone lithofacies.

nit

Dolomite Mound

unit ocecurs in sections only on the Pointe Amour

peninsula at L'Ans

Amour, Fox Cove and Schooner Cove but

is laterally persistent within r peninsula, It is also

exposed in the cliff-section at st Margarct

quarry in

western Newfoundland., The rocks are chagacterized by the

presence of po and small lenses of dolomite.

ree laterally eguivalent lithofacies occur within

8 unit; archacocyathid me

dstone characterized by large

pods and small lenses of dolomite (BO-1), cearse skeletal

calcarenite (BD-3*), relatively minor occurrences of black

shale (BD-2).

omitic Moundstone
This lithofacies is a light=-to dark-grey or green

archaeocyathid rich moundstone with a mudstone (common) to

kestone (rare) matrix and weathers grey Lo green to brown

th a pitted appearance. The skeletal fraction is dominated

archacocyathids, most of which are uprisht. Other skele-

tal components include the coelenterate which is only loc-
ally abundant and is often absent altogether. Subordinate
skeletal components include inarticulate brachicpods and
trilobites. Detrital quartz silt is very common in this

lithofacies.




Stylolite are preval

often delincated by dol

throughout the moundstone giving it a nodular appcar-

ance. A very coarsely crystalline pink calecite commonly

fills wvoids.

Small (sc al centimetres), skelctal
lenses approximately 15% by wvolume to the 1
facies and may have orginally contributed marc as their

mavging are also marked by stylelites.

One of the diagnostic features of the lomitic

Moundstone lithofacies is the occurrence of large (tens of

centimetres) pods of finely crystalline dark-green te light-

grey dolomite, which weather light to dark brown and buff

[Fig.15). The relatively large pods or lenses attaln a maxe

noin the

imum size of 2.0 x 1 m and every dra
geometry froit a laterally expanded lens to 2 laterally com-
pressed pod. The contact with the surrounding moundstone

is alway olitized and it is probably because of the

intense development of stylolites in the mo undstone and

absence of them in the dolomite that causes the moundstone

to have the appearance of being "wrapped around” t omite

pods. Several pods show, in weathered cross-section only,
distinct laminations and evidence of organic activity in the
form of vertical and inclined burrows (Fig.16). Skeletal
particles are, however, rare as only one or two upright arch-

aeocyathid cups were found along with the rare skeletal cal-

carenite lenscs,

. \___

B,

~J




Lithofacie

Black Shale

This lithofacies consists of fissile, black s
which grade laterally and ver 1_‘:a]1y into fine siltstones
with occasional small lensq(Lf skeletal calcarenite. The
shales are of small lateral extent passing laterally, over
a few metres, into both eletal calcarenite and moundstone.

The contact between calcarenite and shale is tramsitlonal

through sil but the contact between shales and moundstone

(seer only at Fox Covel shows the shales to be draping off

the moundstone at angles up to 30 degrees. Small-scale rip-
ples rarely occcur in the shales_and both skeletal and ichno-

fauna are absent. .

hofacic

Skeletal Calcarenite

Skeletal calcarenites in the Dolomite Mowund L
as wedges of limited lateral extent, tabular lenses, and
shects, both extending for tens of metres.

Unit BR: Red Mound

This widespread unit occurs at Blanc Sablon, Osprey
Reef, L'Anse Amour and Fox Cove and is distinguished by its
red colour and high faunal and floral density and diversity.
Although laterally persistent, the unit is often relatively
thin and always variable, attaining substantial thicknoss
(more than 15 m) only at Osprey Reef.

Two laterally equivalent lithofacies are distinguishable
within the unit: an archaeccyathid rich, red moundstone

{BR=11; and laterally equivalent medium to coarse-grained

calcarenite (BR-2}.




ofacics BR-1 ~_Red Moundstone

This litheofacies is a red archaeocyathid moundstone

with a mudstone, to rarely packestone matrix containing

minor detrital quartz silt and skeletal materital {up to 15%).
The rock weathers dark red to green, and has a distinctive
nodular appearance because of intense stylolitization (Fig.

ntary structures are present. The skeletal

17). Mo sedim
component is dominated by upright archacocyathids, with

narrow cones predominsting over stick forms, Retilamini-
forms are common and wide cones are rare. Brachiopods are

nterate oceurs

common but trilobites are rare. The coel

calcarecus algae is abundant. A coarsely

throughout

rimary caviti

erystalline pink caleite commonly fil

About 10% of the lithofacies cons ists of small lenscs

of skeletal calcarenite which are always bounded by stylo-

eletal calcarenite

Lithofacies
Skeletal calcarenites occur in the ped Mound Unit as
wedges of small extent, and as a complex lithofacies mosaic

f (see Appendix C and Fig. 73).

at osprey Reec

d

unit BN: Wodular Mo

This unit is found only on the Pointe Amour peninsula
at L'Anse Amour and Tox Cove. Tt is distinguished by the
wa§ that it weathers which gives it a nodular, rubbly, dark-
coloured, apparently featureless appearance; and by the

relatively low density of archaeccyathids (Fig. 18).




Fig.16: Weathered exposure of a dolomite pod (in BD-1
at Fox Cove) showing laminations and burrows.
Scale is in centimetres.

Fig.17: Archaeocyathid-rich, nodular Red Moundstone (BR-1)
at Fox Cove. Scale is 30 cm long.



i

rin two laterally equivalent lithofacties are ro

nised within this uait; an archaeocyathid-bearing nedular
moundstone, and a coarse-grained skeletal calcarenite.

Lithe

todular Moundstone

This lithofacies consist of black to dark-gr

ular moundstone with a mudstone and guartz silt {u

matrix, and weathers dark brown ta black with a rubbly app-
garance. Skeletal elements include rare to common, up-

ids with funnel shapes more

right or toppled archaﬂ-ocy-:l.!\

common than stick forms or cones. sybordinate fauna con-

sists of unbroken, disarticulated inarticulate brachiopods,

rare coelenteratesand Girvanella, and skeletal debris. The
bedding is nodular because of the profusion of styllolites.

skeletal calcarenite lenses within the moundstone

comprise beotwoon 10-50% of the volume of the rock and a green

to black lime-shale comprises approximately 57 of the total
volume.

Lithofacies BN-2: Skeletal Cal

Skeletal calcarenite occcurs only as wedges with a maxs
imum lateral extent of 20 m.

Unit BE: Oolite Bicherm

This unit occurs only in sections measurcd on the
Pointe Amour peninsula at L'Anse Amour, Fox Cove, and Schocner i
cove. Three lithofacies are recognised, an archaeocyathid

moundstone with a mudstone matrix forming small bicherms

BR-1),

calcarenite (packestones-g rainston

(BB-2), oolit
A

-




a skeletal calearenite (BB-3). The unit is distinguished

by the presence of oolitic grainstones, the dominance of

d-

calcarenite over moundstone, and the occurrence of mon

stone in small, discrete bicherm

litic carenite
This lithofacies consists of a diverse suite oolitic
packestones and grainstones (Fig. 18). e lithofacies

includes clean oolitic grainstones; a common OCCurrenco
g e

of voalitic packestones [15% mud matrix) \cuh irre
arly coated oolds, grapestones, oolitically coated qrains,

and local developments of skeletal stromatolites; a very

enarse-grained skeletal oolitic grainstone where ooids

with br trilobites, occasional archae

cyathtd cups and Salterclla

cones.

The size of the coids varies greatly and fining up-

ards sequences occur, reflected in both the size of the

other

keletal material.

ooids and the proportion of

es occur although sharp contacts with

edimentary structu
in the seguence are common. Selective dolomitization of

ooids occurs and stylolites are pre

thofacics BB-2 Archaeocyathid Bicherm

Red to grey to green archaeocyathid m

herme with a mudstone to packestone matrix occur locally

throughout the unit. The blcoherms have a Elat ko slight

convex base and are sgrongly convex at the to| The maximum

thickness is at the centre of the structure and\tapers away




ides until the s

t with the oolites is

cyathids are abundant at

e repli

cyathids with thick walls, and sticks.

rilobites and calcareous algac are pr
-

dehris forms up to volume «

lites arc prosent.

ithofac

*tal calcarenites in the Oolite

crm

as laterally impersistent 1 extending 1

up to tens of metres.

This unit occurs in sections measured at

L'Anse Amour Fox Cove, '-.'n!re it forms the

seen., It is distinguished by a predominently light-to

dark-grey colour, the abundance of

rareous algae, and

the occurrence of non-skeletal and skeletal stromatolites

Compared with other units it is relatively poc

exposed

so0 the lateral Bxtent and equivalent rock-types are poorly

known. Three laterally equivalent lithofacies can be rec-

d, however, an algal/archaeocyathid grey mou

pgnis

{BG=-1}, medium to coarse-grained skeletal cales

and calcareous siltstone (BG-2).




2 GUrey Mound

algal-archacecyathid mound

light-grey in

colour and has a mudstone matrix, containing up to 30%

quartz silt, and weathers light-to dark-grey with a pitted

surface (Fig, 1%). Bedding and other sedimentary structures

are absent. Archacocyathids are rare to abundant, beth

aller in size

upright and overturned, and are generally

r units, Cones, stick-forms, and retilamini-

than in

forms are pre t. Brachiopods are present, calecarcous algoe

and both skeletal (Girvanell

) and non-skeletal stromato-

th present, arc

lites are widespread. Stylolites, althe

not as common & in the other units.

Siltstone . .

lithofacies consists of a fine-grained, slightly

calcareous siltstone which occcurs only at the Lase of the
unit in one cutcrop, as the lateral equivalent to the skele-
tal calcarenite and in turn the moundstone. The contact

ional, one

between the silt and the calearenite is transi
grading into the other over a short distance (less than 10 m)
The siltstone is laminated and shows ripple-laminations as
well as interference ripple-marks. HNo skeletal fauna is ob-
served but there is a profuse ichnofauna with well preserved
burrows, tracks and trails. This siltstone is very similar

L

to that found in the open-shelf facies underlying the bio-

strome complex.

Lithofacies 3: Skeletal Calearenite

The skeletal calcarenite of the Grey Mound Unit eecurs




Fig.18: Cliff-section of Nodular Moundstone (BN-1) over-

lain sharply by bedded Oolitic Calcarenites (BB-1)
at Fox Cove.

Fig.19: Cliff-section exposure of Grey Moundstone (BG-1)
and flanking skeletal calcarenites (BG-2) at

Blanc Sablon. Range pole is graduated in 20 cm
increments.
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lar

as small wedges, tabu

structure at Blanc Sablon whict r 1 in

w Dolite San

¥ three areas e
sections [} :
sis, a of ven lithologies can i
{2) oOolitic
(4) Mixed
mec grainstone, (6)
17)  Dolostone-dolomitic :
Lithologics are named us
onent, and depos al texture (after Dunham, 2; Embry
and Klowvan, 1971) ther features were also taken,into
account in their description, e.g. rting, grain s f' F
aind biogenic structures. litholegies n‘r(‘ sum-
marized Table I ard are described below.
Lithologies b
{1). Skeletal grains
The skeleotal are poor
and range in size from sile through to granule grade. The
skeletal components, in order of decrecasing importance are; }
echinoderm plates, la cones, trilebite carapaces,
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shells, and tubules ol the

blue-green algae Giry Less than 15% of the com

ponents are keletal allochers

ootds, peloids, guartz

silt, and cncrusted g The sediments are ge

bioturbated with lomite mottle occupying ug the

rock, This caled

nite differs from the

eletal calcaren=

ite of the Biostrome FPacies in

at it is bioturbated, often

contains Salterella con srusted grain:

a wider variety

allochems, and contains no mud fraction.

stone

The oolite grainstones are we

orted and consist

dominant 1y of coarse, sand-grac

. poids (up to 90% of

ats}, with minor amounts

non

skolotal componen

quartz silt/ and composite grains. in

e samples skeletal

components, mainly echinoderm plates, trilobites,

S_‘!l:-llgl, make up to 20% of the total components. Planar cro

bedding is common {Fig. 20).

(3). Mixed ocelitic grainstone

The mixed colitic grainstone is a mode

rately sorted,

medium to coarse-grained, sand-size grainstone consisting

mainly of oo

(40-80%), but with large proportions of
other components, in Lhis case peloids and sk :letal material
{echinoderms, trilobites, and brachiopeds).

(4). Mix

d peloid packestone

The mixed peloid packestone is a poor to moderately
sorted (med to granule-size grade) packestone with peloids

forming the main component (408}, but with a large skeletal




Fig.20: Cross-bedded colitic calcarenites of the Oolite
Sand Facies, Osprey Reef.
Scale is 30 cm long.

Fig. 21:Photomicrograph (plane light) of the mixed oncolite
grainstone lithology showing two large oncolites
(one with three periods of growth) in a grainstone
matrix of ooids, peloids, echinoderm plates and
other skeletal material.
Scale bar is 5 mm.
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content (40%) of Salter

cones, cchir rm plates, trilo-

bites hyolithids and Girvanella. About 10% of the rock

(S

sists of dolomitic mottling (prob

1y bicturbation).

{5). Mixed oncolitic grainstone

o

mixed oncolitic grainstone is a poorly sorted,

5ilt to pebble grain-size grainstone composed of Cirv

oncolites, with lesser, but significont proportions of
ooids, peloids, quartz silt, and composite grains (Fig. 21).
Skeletal components include Salterella, echinoderms, hyo-
lithids, and trilobites. Up to 20% of the rock-volume is

dolomite mottling (bioturbation).

{6). Intrac

last grainstone

e intraclast grainstone is a poorly sorted, silt to

pebble grade grainstone consisting almost e

irely of alg.

intraclasts, either as rounded balls or as elongated clasts
with ragged edges (Fig. 22). The intraclasts consist of
Girvanclla tubu'.(.-:‘..wit.h ne apparent nuclei. Skeletal
{unidentified) grains encrusted with Girvanella contribute
less than 5%. One-third of the rock-volume consists of
very coarse spar which fills in the primary porosity, and
geopetal microspar,

{7}. Doloston

This lithology ranges from 100% crystalline dolomite

with a very sucrosic texture, to a dolomitic siltstone co

sisting of 50% crystalline dolomite and 50t detrital gquartz

silt. Skeletal components occur sporadically but are always




Fig.22:

Photomicrograph (plane light) of the
intraclast grainstone lithology show-
ing both rounded and elongate, ragged
clasts, both consisting entirely of
Girvanella tubules. Note geopetal
sediment (arrowed) above ragged clast
and the abundance of pore-fill cement.
Scale bar is 0.45 mm.



partially dolositized., Sedimentary Structures

hoerizontal, parallel, and ripple lamination. Abe

the rock is bioturbated.

DISCUSSION

wwologic mapping of the area studied indicates that

the Biostrome Facies and the Dolite Sand

cics are later

equivalents and represent two completely different sedimen-

tary regimes which occurred simultancously at the time of
deposition (see Fig. 72, in pocket). Contacts between the
wwo facies are either abrupt and can be walked out along

strike (as at Osprey Reef, Appendix C; and’'Diversion Reef,

Appendix B} or are inter-digitatery (as at Schooner Cove,
Appendix G) with rocks characteristic of cach facies alterna-
ting in a vertical sequence. In other measured sections,
using the top of the open-shelf facies as a datum, the seq-
uences consist wholly of either the Biostromg Facies or the
Oolite Sand Facies. “'

Within each facies 11._thokor;ic correlation is extremely

difficult due to the lateral variation of lithofaci

lithologies. This is exemplified in the Colite Sand Facies

at Dive

sion Reef (Appendix B) where incomplete expos

and lateral variation of lithologies make correlation impos-
sible. Such variation indicates that rapid lateral changes
in environmental conditions cccurred in the sedimentary re-

gime at the time of deposition. It has been established,




however, the Gclite Sand Facies consists of scven

distinct but gradational litholiqies, cach characteristic

of the environment in which it was deposited so t

gen-
eral picture of the sedimentary en@ironment can be formu-
|

lated. Differcnces between tho flbi- un

of the Biostrome
Facies are real, although slight, but could be used for
detailed mapping only becagse of the rapid lateral changes.

o
ALl the units are similar in terms' of texture (they are all

rmoundstones) , most have identical flanking ske

tal cal-

carenjites, and all contain archaeocyathid The major
differences between the units are colour of sediment, den-
sity g diversity of erganisms, morphologies of archaeo-

cyathids, and diversity of calcareous algae.

The Lolomitic Moundstone (BD-1) is characterized by

nce of dolomite pods at certain loralities. There
is a relatively low density and diversity of organisms while
calcarecus algae is absent.

The Red Moundstone lithofacies (BR-1) differs greatly
from the Dolomitic Moundstone by being red in colour, having
the hiq‘hcst density and diversity of organisms, and contain-
ing abundant calcareous algae.

The NHodular Moundstone lithofacies (BN=-1) is very simi-
lar to the Dolomitic Mrull]de;'_ernc but has more shales and a
lower dens;.ty and diversity of organismsa.

" The Grey Moundstone lithofacies (BG-1) is character=

tzed by its grey colour and by the abundance of calcarecus

algae and both skeletal and non-skeletal stromatolites.




The Archacocyathid Bioherm lithofacies |
terpally similar to the Red Moundstone but differs b)- form=
ing discrete bicherms within Oolitie Calcarenites (BE-1).

on a broad scale, the five units were probably deposited
in a similar environment with slight differences in param-

eters (depth, light, energy, etc.) producing the character-

tic features of the units.

The unit

within the Biostrome Facies can be correlated
locally on the Pointe Amour peninsula between L'Anse Amour,
Fox Cove, and to a certain extent Schooner Cove. This qives

an indi

-ation of fhe true biostromal nature of the facies.
on a larger scale, however, lateral variation of measured
scctions prevents precise c‘orn_’l..ll ion, but taking the top
of the open-shelf facies as a datum, it is considered that
the sections are contemporaneous.

The lateral distribution of the Red Mound Unit (BR),

the most widespread of the five units, illustrat the

problems of correlation and emphasizes the lateral varia-
tion within the Biostrome Facies. At Blanc Sablon (Appendix
A}, Red Moundstone is only 1.30 m thick and is both under-
lain and overlain by rocks of the Grey Mound Unit (BG) .
About B km to the east at Osprey Reef (Appendix C), the Red
mound Unit exceeds 15 m in thickness and occurs in lateral
contact with the Dolite Sand Facies. A further 10 km to

the east the . Red Moundstone is 2.30 m thick at Fox Cove

(Appendix F) where it is underlain by Dolomitic Moundstone




(B=1) and overlain by Nodular M‘I»(.(]: tone

than 5 km to the north-east at Scheoner

ve, however,

the Red Mound Unit does not occur at all, possibly replaced

by rocks of the Dolite Sand Facies.
Uther units; the Dolomite Mound (BD), Nodular Mound
(BH], and OQolite Bicherm (BB), are restricted to, but later-

’
ally persistent within, the Pointe Amour peninsula.  Most

of the section at Blanc Sablon consists of rocks of the

Grey Mound Unit. Thi

unit is only scen at the top of the
gection at Fox Cove and L'Anse Amour and ng inter-bodded
between oolitic calcarenites at Schooner Cove. This further
illustrates the difficulty of both local and large scale

correls

tion within the Biostrome Facies.

Depc

jonial Environment of the Oolite

Each of the seven lithologies documented in the Oolite
sand Facies have diagnostic Features which are used to form-
ulate an appropriate eavironment of deposition. The litho-
logies described earlier are discussed in turn below.
[1) Skeletal grainstone

The grainstdne texture of this lithology and the worn

and often broken nature of the components sugqes

3 an en=
vironment of constant wave or current action where mud ik
removed by winnowing (Wilson, 1975). The skeletal content
of the calcarenites suggests a shallow, sub=tidal origin of

the components (Heckel, 1972). Such sediments are accumula-

ting today in the Persian Gulf and the Bahamas in a position




seaward of oolite tidal shoa

tileckel, 1%

N. James, pers. comm.]. The

ratigraphic occurrence of

the skeletal yrainstone with colites in the wks under

study would support a shallow, sub=tidal, Latand
ment scaward of an oolite sand shoal, ¥
(2) wol urainstone

By comparison with modern occufrent

of well=formed

funiformly o

ted) ooids, the colitic grainston:

interpreted to have formed in wel

agigated intee=tidal

or shallow sub-tidal eavironments (Bathurst, 1971), The
oecurrence of herring-bone cross-bedding at Osprey KReef

(Appendix C) indicat al a

current reve

inf

inter-tidal wvrigir

(Reineck and Singh, 19751 althouah me

urement of current direction from all cross-beds at (s

keef indicates a polymodal direction (Fiq. 23). The ool-

itic grainstones are considered, thercfore, to r formed

in inter-tidal or shallow sub-tidal, high cncray colite
tidal sheoals, similar to environments described from the

Bahamas (Ball, 1967; Bathurs

L, 1971) and the P

srsian Gulf

{Loreau and Purser, 1973).

(&3]

Mixed peloid

No sedimenta

¥y structures were observed in either of

these lithologies so analogy with modern cnvironments must

be relied on to interpret the depositional environme

Skeletal, peloid calcarenites are accumulating in inter-tidal




Fig. 23: of inferred paleocurrent

cross=bedded oolites,

sorey Reef.




within oolite bars or in shalluow, protected b=t aakal

zones behi ridal oolite shoals alorg t

Trucial Coast

of the Persian Culf (Lorecausand

1971; Purser and

. 1971, As ther

is no indication of inte

structures the sb al com

origin, the shallow, protected sub-t idal envivo

an oolite shoal i

preferred. The mixed oalit

ne

can be cur

idered gradational with t

mixed pel

tone and formed inoa

milar environm althou

ree of ooids.

(5) Hixed o

tic g

Niagnostic comg

snents in

Titholospy are

arai [grapestonel, amnd oncolites. in
arcas of bulence (alternating interva wf

ation and agitation}, low sedigentation rates

circulation rates (Winland and Mathoews, 197

4.

formin a varie

cof environments, some favouring high=¢
¥

and continud

motion (Gins

bureg, 1960; Logan al., 1964),

some shallow-water and moderately h —encorgy (Wilson, 1975).

They are also found in sheltered, inter-tidal arc

and in

stable sand channel

between, mobile ocolite shoals (Batht rst,

1971}, As scveral of the on

lites show periodic growth,

with grapestones forming the nuclei, a high-cnergy, cont inual

motion environment

not favoured. A shallew, sub-tidal,

igh energ

, environment with slow deposition and

fluct

sjating turbulence i

favourcd, This envircnment may




-

oceur in oy sand channel:

ween oulite shoals [hath-
urst, 1971).

(6} Intracla

it_grainstone

The fragmented (ragged) to re of the
Garvar suggests that the ave beon rippod
trom a nea urce, probably an alaal (C ella) mat,

and red

wosited, The deqgree of roundde

may roflect

different lengihs of time in the transport reqime.  The

opetal mictospar may have been secondarily introduved

gilt?) as it occurs in leach

olote

od

w fil

with cement, implying tF the skeleton was leached before

deposition of the silt. The intracl

grainstone ma

theref

, be a storm depo

it, formed in an eavironment

usually abs ra=level and only

bmerqged during stord
\

flooding. The rapid d

wposition would exglain why all of
the clasts are not rounded in what would appear to-be a high
energy deposit {a grainstone texturc).

(7] polostone-dolomitic siltstone

The environment of depos

tion of this lithology is
also not cleab. The occurrence of dolostones in a facies

which is, for the greater part, undolomitized may su

59

t
that dolomitization was early, possibly pencconterporancous
with deposition. Recent penccontemporancous dolomite is
recorded from the supratidal envirenment, forming inches

above the high-tide level (Shinn et al., 1965). The dolo-

stones under study are, for the most part, structureless but




e

laminated,

lar, beiny for the most part structure

laminations, burrows, and mud c-acks,

rved in the 5t O

Ho mud cracks were ob

en due t i natu

have the badly weatherd

The dolo arc considered, therefore, to

o

a-tidal envi

in a dominantly su

fcally submerged (during storms?) to accomm

silt, and prode

e rare ripple ‘laminatior

The seven lithologies described and di

be attributed to formati®h within an oolite omplex,
and can be compared to modern tivulariy
in the Per n Gulf (Loreau a Purser, 1973; Purser and

Evans 1973). Lack of outcrop prevents detailed disc

of the goometry of the oolite shoal although a

can be presented.

under

tones fore

Cross-bedded ocolitic gra
high-energy conditions for coid growth, probably in the
inter-tidal or shallow sub-tidal environments. In between
individual shoals, mixed oncelite grainstonc accumulated
slowly in stable -.md channels. The colite shoals built up

-tide lewvel

sufficiently to become emerged above the

where supra-tidal dolomite formation occurrecd. This envig-

onment, on the crest of the shoals,was periodically inundated
by storm floods, pessibly also preducing the intraclast

grainstone. Winnowed, skeletal grainstones occurred seaward




&f the oolite shoal in a medium-eneray,

allow,

tidal environment, where a wide variety of organisms flour=
ighed in well-aerated waters. In guieter areas, behind the

oolite shoals the mixed colitic grainstones and mixed pel-

oid packestTh sccumulated as oolite shcal spillover with
mixed oolitic grdinstones occurring clescr to the shoal.

Depositional Environment of the Biostrome Facies

Essentially, two major lithofa

ies occur within the
Biostrome Facies; skeletal calcarenite, and moundstone.

variation is considerable within the moundstone but

e
calearenites which flank the mounds are essentially the

same and indicate that the variation in environmental para-
meters which u&int.—n!lea the dis'.n‘burim.. of organisms which

contribute sediment to the calcarenite lithof

cies was not
great.

piagnostic characteristics of a particular depositional
environment are lacking in the calcarenties. They probably
formed under sub-tidal conditions, almost certainly guiek-
water as there is a lack of fragmentation or wear of the
skeletal components, and there is a pud content of up to
301 which was not 'winnowed out. This is the opposite situa=
tion to the skeletal call::l‘enite of the Oolite Sand Facles
which is a grainstone and often has fragmented and worn

skeletal components. This suggests that the skeletal cal-

carenite of the Blostrome Facies accumulated ina lower encrgy.

more protected environment, possibly below the wave base.
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For the m

st part, the

*letal cal

Irenitos are moss

bedded and do not eontain any s tary structures. Whe

sedimenta

tructures do occur they are restricted to a

single horizon as at Fox Cove (Appendix F] where

a=ripples

fwith wi lergths of more than 1 ml can

traced in a

single bed for more than 300 m (Figs. 13 and

ripples are generally indicative of very high-«

{Reineck a ingh, 1975}, but as this is

tien ef h

energy, the mega-rippled horiz
¥

preted

storm ierated. The fact that the

are preserved and have not been reworked

dication of the prevailing lew

:rqy conditions.

marks [symmetrical,

ymmetrical and interferencel are

oft associated with calcarenites and sil

>nes at the

base of the Biostrome Facies adjacent to the

ntact with
the open-shelf facies (e.g. Blanc Sablon, Appendix A; Fox
Cove, Appendix Fj; L'Anse Amour, Appendix E], but the occur-
rences are regarded as indicative of the sedimentary re-
gime of the open-shelf facies and that the contact between
the two is really transitionmal.
The origin of the ooids in the Oolitic Calcarenite

lithofacies [(BB-1) merits special attention. A proport-

ion (20-30%) of the ooids show a high degree of asysmetry

of the oo ic layers about the nucleus (Fig. 24), and some-

times the nucleus protrudes through incomplete coatings.

The incomplete coatings abut the nucleus so are not the rk-




sult of ab on, and al g5 have a scal-

»ugh the coatd

loped appear it is the result of d rential growth

of the layers.
ooids are generally considered to be gemerat ed in a

high=energy environment (Bathurde, 1971). The irre lar

soids, however, are similar to those formed today in a low-
eneryy environment in the Lauguna Madre, Texas and described

as "quiet-water' ocoids (Freeman, 1962). The mud content

{approximately 15% of rock veolume) of thes oolitic pack-

eston

., and the absence of sedimentary structures indica~-

tive of high=-energy conditions, supports the oriqin of 52

molds in a relat

vely quiet-water environment. ~The occur=
rence of small, archaeocyathid bicheras and small, skele-

fet-

tal [

sirvanellal stromatolites embedded within the

water' ocoids suggest normal marine conditions as regards

circulation, salinity, etc. The presence of normal ooids,

however, suggests that an active oolite shoal was close by
{.md probably acted as a source for the majority of ocoids,

some of which then grew irregular. coatings in the lower-energy

environment.

The skeletal calcarenite lithofacies throughout most
of the five units is interpreted therefore as naving formed
under normal marine, relatively quiet-water conditions, but

probably shallow-water enough to be affected by Storms.




As the archacocy

thid mounds are

vs found in

eral contact with the skeletal calecar thon a simi-

lar environment (low-energy, shallow marinel is interpreted @
for the mounds as well. Suppocting evidence for relatively

guiet water conditi

s is the high percent

of upright

archacocyathids in all of the moundstone lithofacies and

porting shallow water is the occurrence of calcarcous

algae in some of the moundstones. The dominance of sus-

pension feeders (archae

cyathids, echi

sderms, brachiopods,

etc.) and presence of silt-c

guartz in both tl
stones and calcarenites suggests however, that the water
was continuously turbulent to some degree, with curronts
powerful enough to keep silt in suspension. It is poss-
ible, howewer, that the silt may have been of windblown

origin.

The draping (up to 15 degrees) of the skeletal calcar-

enite beds off the mounds i

plies that the mounds formed

topographic highs on the sea-floor although ficld observa-
tions suggest that this relief was in the erder of only
one or two metres. The elevation of the mounds (not always
seen) may have been induced by the baffling of mud by
archasocyathids, or early cementation of the mounds, or a
combination of both. ' |
Differences between the five moundstone lithofacies
are sufficient for more precise envirconments of deposition .,
to be suggested. These differenceg, along with stratigraph-
.

ical evidence can be used to suggest a palecgeographical model.

L
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The Dolomite Mound Unit (BD) is re

stricted to the
rointe Amour peninsula and consists of low elewvation,
but laterally extensive mounds flanked by skeletal cal-

carenites (Fig. 25), and rarely shales. The mounds are

devéid of caleareous algae and have a low density and div-
~
ersity of archacocyathids and other organisme. The absence

of calcarecus.algae, which is commonly asscciated with .

archaeocyathids elscwhere in the g

uence, may s est

deposition below the photic zone. The exact depth of

deposition is not known, but the sceurrence of calcarenites
interpreted as storm-induced deposits interbedded with cal-

. carenites ind

ating prevailing low

ergy conditio

sug-
gests that deposition probably Yecurred below wave-base,
but in water shallow enough to be affected by storms. The

dolomite pods are interpreted as being inirial

v small
areas of mud cccurring within, but differing from, the mound
sediments (sec discussion in Chapter IV, piagenesis). The
muds supported a different fauna {as evidence by trace fos-
sils which do not occur in the moundstones) and probably

. oceurred in shallow, protected depressions within the arch-

aeocyathid mounds. The Dolomite Unit eontains shales, has '

a high €£ilt content, and overlies and is in part laterally i
equivalent to the siltstones and shales of the open=shelf 3
facies. 1t probably represents the initial stage of the

deve lopment of the biostrome complex. The widespread Red

Mound Unit (BR} consists of a complex lithofacies mosaic -
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= b Pl 45" A T ot chanl i
Fig.24: Photomicrgraph (plane light) of irregularly coated
coids in the Oolitic Calcarenite (BBE-1). Note in-
complete coatings which give the scalloped appear-
ance of ooids. Scale bar is 0.45 mm.

Fig.25: Contact relationships between Skeletal Calcarenite
(BD-2) and Dolomitic Moundstone (BD-1) at Fox Cove.
Skeletal calcarenite thins towards, and is replaced
laterally by, moundstone. Structurally, the strata
are flat-lying but the calcarenite drapes off the
moundstone at about 12°. Note minor cross-bedding
(arrowed) associated with the angle of drape.

Scale (centre left) is 30 cm.
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of laterally restricted (tens of metres)l, low clevation

mounds and flanking skeletal calcarenites. Calcareous

algae, and to a lesser extent

non-skeletal stromatolites,

are abundant in the Red Moundstone (BR-1) implying deposi=-

tion within the photic zome. The high density and diversity

of archasocyathids and other organisms suggests a well-

adrated environment. The thickest development of the Hed
Mound Unit occurs at Osprey Recf (Appendix C) where it is
in lateral contact with cross-bedded ocolites. The channel-
ing of the moundstones by skeletal calcarenites (Fig. 26),
along with their association with cross-bedded ocolites

would suggest that deposition of the Red Mound Unit was

under relatively high-energy conditions, possibly within
the surf zone.

The red colour of the moundstones poses a problem as
marine red beds are rare in the stratigraphic record. -In
order for them to be preserved, either continuous oxidiz-
ing conditions are needed durin? deposition, or rapid burial
must occur before reduction takes place (Heckel, 1972).

In view of the shallow water, well-exvgenated, high-enerqy
environment of the Red Moundstone lithefacies, it is more

- likely that the sediments remained ina continously oxidiz-
ing condition during deposition and burial.

The Nodular Mound Unit (EN) is restricted to the Pointe Amour
peninsula and consists of indistinct, but laterally exten-

gsive, low relief mounds flanked by wedges of skeletal cal-




Fig.26: Red Moundstone (BR-1) channeled by Skeletal
Calcarenite (BR-2) at Osprey Reef. Note irreg-
ular outline of erosive contact, and truncation
of archaeocyathid skeleton (arrowed) in the
moundstone.

Scale is in centimetres.
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carenite at L'Anse Amour (M

endix At Fox Cove

dix F) however, smaller but still indistinct mounds are

recognised L

an increase in the densi

.of archac

cyathids, an incre

se in the proportion of skelctal ¢

enite, and an absence of shal

- These me

ed by minor shales and nodular mudstones

sparse fauna. On the whole, the Hodul

istone litho=

facies

N-1) resembles the Dolomitic Moundstone (BD=1).

There is an absence of stromatolit

and calea recug algae

{except for rare skeletal components coated wi th Girva

eclla which may be tr ansported) . The density ar

diversity
of archaeccyathids and other organisms is similar 1y low.

The Nodular Mound Unit (BN), therefore, oc ies a similar

environment as Lhe Dolomite Mound Unit (BD); both deposited

in a relatively deep

ater {below the photic zone and wav

"base) , guiet environment.
The lecally developed moundstones of the ODolite Bio-
herm Unit (BB] are internally similar to those of the Red

Mgundstone lithofacies (BR=1), with abundant calc

eo
algae, and with a high density and diversity of archaco-

cyathide and other organisms. Geor

rically, however, the
Archaeocyathid Bioherm litheofacies (BB-2) forms small,
discrete, strongly convex mounds or bicherms which are fl-l:‘.—
ked by 'guiet-water' oolitic calcarenites (sce above). The

exact depositional environment of this unit can only be

speculated because of the peculiar nature of the sediments.




It is suggested,

however, that the sediments were dej

in a shallow (within the photic zonel, clear, relatively

guiet environment with, perhaps, periodic moderate turbu-

lence which form the irregqular coated ids. This en-

vironment is likely to be found in a allow swale between

oocid shoals where a mix of the characteristics of both
the Biostrome Facies and the Oolite Sand Facies would

occour.

aracteristic feature o

The most e Grey Moundstene

Lithofacies (BG-1) is the common occurrcnce of = letal

(Girwv la) and non=gskeletal stromatolites. Small, digit-

ate, non-skeletal stromatolites (Fig. 27) (SH-V type of

Logan et al., 1964) occur.at Blanc Sablon (A

where archaeoc

yathids are rare or absent. Skeletal (Girv-

C

ane Logan et al.,

la) stromatolites (Fig. 28) (LLH type
1964) oceur at the top of the sequence at L'Anse Amour
(Appendix E) and may indicate temporary inter-tidal con-

ditions. For the most part, the Grey Moundstones form low

relief, laterally extensive (tens of metres) mounds which
contain abundant archaeocyathids and calcarcous algae, and
which are flanked by skeletal calcarenites consisting of

fossils representing a normal, sub-tidal fauna, which show

ne signs of transport or wear. This would indicate that

the Grey Mound Unit was deposited in a predominantly shallow

ih=tidal low=-energy environment which possibly shallowed

periodically into the inter-tidal zone. The lateral contact




Fig.27, Photomicrograph (plane light) of
non-skeletal stromatolites (type
SH-V) in the Grey Moundstone
lithofacies (BG-1) at Blanc
Sablon. Note archaeocyathid
(Archaeocyathus) at bottom left.
Scale bar is 4.5 mm,



Fig.28: Skeletal (Girvanella) stromatolites (type LLH-C)
in the Grey Moundstone lithofacies (BG-1) at
L'Anse Amour.
Scale is in centimetres.



of the

Unit

ound ith the spill

shoal at Diversion Reef [(Appendix B), and the wve

association of the same two units at S«

T00neT

(hpn-

endix G)

ed a pos-

ggesks that the Grey Mound Unit oc

ition behind the active part of the colite shoal and con-

sequently favoured a protected environment oft jacent

to the spillover part of the oolite shoa®,

fgrapl

s indicates that the 0ol

Manping of the major fac

Sand Faclies was deposited to =¥e north or north=west of

the Bio

es and that the contact between the two

irregular.

facies The map (Fi

3. 72, in pock
indicates that salients of the Oolite Sand Facies existed

to the west of Forteau and around the bay of 'L'Anse au Loup,

with corresponding recesses to the north of Blanc Sablon

and on the Pointe Amour peninsula (with the exception of
Schooner Cove) .

» distribution of Bi

strome Facies units sugge

that the maximum development of the deeper-water units

{BD and BN) occupy positions further away from the ODolite

sSand Facies in a south-east direction while shallow-water

units (BR and BG) occu; with their maximum development .
adjacent to I]olit‘c Sand Facies and accuny a position to the

north-west of the deeper-water units. This would indicate

that the paleoslope was trending towards the south-ca%t .

and that the Biostrome Facies was deposited seaward of the

: A
d




ens towards a contact with the Oolite Sand Facies

Oolite Sand Facies,

Figure 29 illustrates a simplific:

tion of the facies

and units relationships interpreted from the me

ired sec-

tion {Appendices A-H) and uses Fox Cove

the refercnce

secticon. Decper-water unit

(BD and BN) occur only on the

Pointe Amour peninsula. In the measured sect

5 at Fox

Cove [Appendix F) and L'Anse Amour (Appendix E), the Dol-

omite Mound Unit 0t and the Nodular Mound Unit (BN} are

separated vértically By a thin bed of Red Mound

one (BR-1}.

This rel i

hip

nggests that the [

omite Mound and Nod-

ular Mound Units were deeper-wa . lateral equivalents of

fed Mound Unit which was deposited

seaward, and thick=-

e Fig,
29}, The lower part of the sequence at Fox Cove and L'Anse
Amour can be interpreted as a gradual shallewing and then

deepening episcde. The Dolomite Mound Un

(BD) was ini-

tially deposited as a lateral equivalent to, and t}

over=

lay, the silt

ones and shales of the open-shelf facies.

The Dolomite Mound Unit then shallowed sufficiently for the
!

deposition of the calcareous algae-rich Red Mound Unit to

be deposited. This event was short-lived, however, as the

deeper=-water Nodular Mound Unit overlies the Red Mound Unit.

The remainder of the sequence consists of shallow-water

units; Oolite Bicherm (BB} and Grey Mound (BG) Units.
These are separated from the underlying Nodular Mound Unit

by a planar crosien surface.

occurrence of these shallow-
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water un

ts on the Pointe Amour peninsula may rep

o

meral regression in the area. »
.

The measufed section on the north-east side of the

. Fointe Amour peninsula,

coner Cove (Appendix ) is

the only sequence where rocks of the Bie

trome Facies and
. . Oolite Sand Facies are intercalated. The Dolomite Mound

Unit (BD) again overlies . the open-shelf Facies but is now-

wpverlain itself by skeletal calcarenite whi

bécomes ooli=-

tic towards the top., This is prot bly the lateral equiva-

lent of the Red Mound Unit at Fox €ove. The remainder of

the sequence consists of the shallow-water Grey Mound Unit

(BG) intercalated with rocks characteris

ic of the spill-

over area of the oolite sand shoal. The corresponding beds

at Fox Cove would the deeper-water Nodular Mound Unit

(BN). At the top of section archacocyathid bisher are om-

bedded in 'quict-water' ocolites., Most of the succession

at Schooner Cove would seem to represent lateral shifting
of shallow-water deposits. Such lateral shifting is sug=- J

gested as the sequence at Fox Cove and L'Anse Amour has the

Grey Mound Un

(BG) overlying the Oolite Bicherm Unit (BB)

while 3 knm to

the north-east at Schooner Cove, the reverse

is seen,

The inland sections at Osprey Reef (A

ndix ) and

Diversion Reef [Appendix B) are important as both sections

show lateral relationships between the Biostrome Facies

and the Oolite Sand Facies and are therefore useful in any




hic reconstruction. Basically, the

paleogeogra

at Osprey Reef shows the thickest development of Red

Mound Unit (BR) in lateral cbntact with cross

“bodded golites
representing an active oolite shoal, At Diversion Reef,

"
hewever, the Crey Mound Unit (BG) is in lateral contact

with mixed skeletal-peloid-ocolitic-cncolitic calcare

=
and dolostones characteristic of the spillover area of an

oolite shoal. It is significant that the oven-shalf

ies
thickens considerably in the northern part of the section

at Dive

iion Reef (Fig. 65, Appendix B) indicatipg that
the Oolite Sand Facies as a whele is tapering northwards.
This suggests that the colite shoal itself is merely a

lens, replaced to the south by the Biostrome Facles and to

the north by the open-shelfl facies.
The most north-westerly measured Section of the Bio-
strome Facies to the north of Blanc Sablon (Appendix A)

consists entirely of shallow-water deposits overlying

siltstones and shales of the of

n=-shelf facies. The se=-

quence consists of two beds of rocks of the Grey Mound Unit

({BG) separated by a thin bed of Red Moundstone (BR-1). This

sequbnce may p ibly be correlated with the lower part of
the seguence at Fax Cove and L'Anse Amour where a thin bed

of Red Mound

one separates the deeper-water Dolomite Mound
Unit {BD). and the NWodular Mound Unit (BN]. These success-
ions may have been caused by a temporary expansion of the

oolite sand shoal which caused the adjacent Red Mound Unit




to displace other wunits. In the c.

deeper, seaward Units (B0, BH) were replaced; while at

Blanc Sablon, the shallow-water Grey Mound Unit was dis-=
-
placed. The lack of rocks representing the Dolite Sand

cates that this

Facies in the area around Blanc Sablon §

hallgw=

arcs was a recess in the colite shoal, @

‘water nature of the rocks may indicate t thoy were de-

posited between two oolite shoals

The sequence at Forteau (Appendix D) a

Loup (Appendix M) consistsentirely of rocks

Sand Facies. Both sequences can be consi
by lateral shifting of facies wi thin the s=nillover a
of the colite shoal.

N\

Beoce .:.f.r:,:| of the rapid lateral and vertical cha

aphy

any palee-

lithology experienced in most of the outcr
geocgraphical model must be an oversimplification of the

ution of lithofacies. HBearing in mind that lat-

t

true d

eral shifting of the shallow-water facie svobably con=

siderable, the model presented (Fig. 30) an indica=

cular time.

tion of the facies distribution at one pa

rome Facies

that the Rios

Stratigraphic evidence suggest
was deposited seaward and south-east of the olite Sand

snatitu-

rocks

Facies, The Oolite Sand Facies consiste
ting anoolite shoal which can be divided into; an active

oolite shoal of cross-bedded celitic grainstoncs deposited

!‘
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in a shallow-water, high-enerqgy environment, and a shoal
spillover which was deposited §n guieter-water behind the
M -
active oclite shoal. Seaward, but in contact with the ac-
) tive ocolite shodl, was deposited the Red Mr.\;m(hunil. (BR)
{ in shallow-water, high-energy cenditions. In slightly .y

deeper-water: (below the shallow photic zone), sediments

of the lJDlOéﬂit(‘ Mound Unit (BB) apd Nodular Mcund Unit
(BN} accumulated and probably passed seaward into silt-

*stones and shales [;4, James, pers. r-’-‘mﬂ"!l . i'.u:;ua mapping
indicates that the contact between the Oclite Sand Facies

and the Biostrome Facies is highly irregular and suggests

bly breaks occurred be-

that galients, recesses, and pos

tween shoals. In some shallow swales between oolite shoals,

archacocyathid bioherms accumulated, flanked by ‘quiet= .

water' colites (Uniy BB), with the coids initially derived

from the adjacent shoals. Also on the shallow swales, but

' generally occupying positions behind the active oolite shoal

but in lateral contact with the shoal spillover, the Grey

Moundstone Unit [BG) was deposited. The development of

' . : i
extensive stromatolites in this unit suggests that inter-

tidal conditions may have prevailed for some of the time.

distribution has broad similarities with

Such a fac

al Coast of

recent carbonate environments such ag the Truci

Persian Gulf 1973}, and Joulters

the (Purser and Godfrey,

' Cay, Bahamas (N. James, pers. comm.}. In both cases, crganic

reefs are accumulating seaward of an active oolite shoal




Al

with spillover sediments accumulat ing behind. The model
has a close analogue with the Type 1: Downslope mud accu-

mulation, "shelf margin profile of Wilson (1975).




INTRODUCTION
Diagenesis of the various calcarenite lithologiecs
in the Oolite Sand Facies and the flanking calcarenites .

of the Biostrome Facies are described as on

entity be-

cause the diagenctic processes which affected them arc

essentially the same, differing only in minor detail. The

various moundstone lithologles aof the five

igned units

a

share a common diagenetic histery, ag [:

ly diff-

ering in detail,

vd 8o are described as a secongd entity.

The diagengtic features are also tabulated using the

sedimentological division so that comparisons of features
can be made within cach unit of the Biostrome Facies
{Table IT).

Several processes have modifed the original deposit i-
tional texture of both the moundstores and the calcarenites;
bioerosion, -cementation, neomorphism, delemitization,
silicification, pressure solution, and fracturing. Each
of the processes is described in turn (where applicable)
for both moundstones and calcarenites.

DIAGENE

OF THE MOUNDSTONE LITHOFAC

Biceraosien
Evidence of microboring orq..ir.:sms isuch as micritic
tubules or envelopes) is absent from the moundstone com-
panents although macroborings are relatively common in
several of thc.units {Figs. 31 and 32). The macroborings

are lindrical tubes with.a diameter. of between 0.5 mm
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Fig.31:

Bedding-plane exposure of Dolemitic Mound-

stone (BD-1) at Fox Cove showing archaeocyathids

(Metaldetes) and lime-mud matrix, both penetrated
by macroborings (small, dark dots) of the ichno-

fossil Trypanites.
Scale bar is in centimetres.
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Fig.32:

Toan i T . e
Photomicrograph (plane light) of
archaeocyathid skeleton (left)
truncated by the macroboring
ichnofossil Trypanites. The
vacant boring %as since been in-
filling with skeletal debris
(right).

Scale bar is 0.45 mm.

- 88 -



' .

and 2 mm, and a length of between 2.5 mm and 3

such these traceb can be assigned to the morphogenus

Trzanzr_e-:.s maq{ rau}. They penetrate archaescyathid

skeletons, clumps of renalcid algae, and the matrix of

the rock, which is either cut clea

. impl 7 lithif

tion, or is pu

ed aside. The borings have been subso-

quently filled with either the

arrounding matrix, (Fig. -

32) or with cloudy, fibrous calcite cement (Fig. 4B8) .

Cementat

of obvious cementation is depcndent an
the available pore-space and varies greatly between units,

in some cases occurring only in intra-skeletal peres of

archagocyathid eletons,

Two © d within the .

egories of cements are recogai

moundstone : [§ 8] Rim-cements, which fringe.narticl

t2) Pore-fill cements, which £ill that part of the por#é - & N
not already occluded by rim=cement.
Rim-cements- o

Three different rim-cements can be distinguished with-

in the moundstone: (1) a cloudy £

Jrous cement (common),

[2) a clear scalenchedron cement (common), (3) a crite

cement {rare?).
The cloudy fibrous cement is non-ferroan, but rich in
inclusions which give it a brown colour. It occurs as_the
. A .

first cement precipitated inw radial<fibrous habiwwith . “

sweeping extinction in the following places: in the intra=-




skeletal pores

archaeccyathid skeletons . 341; be-

tween, and encrusting bases of pendant coe lol

© organ=

isms (Fig. 33); in between heads of small digitate strama-

1 sediments; lining the

tolites; interlavered with inter
floors of cavities. It is also found as blocky, ecuant

crystal rinds within internal sediment In the cavities,

around skeletons within the sediment, and lining

ments of this cement also

Rroken, ecuant f

ur as part of the internal sediment (

The el

f, scalenchedron calcite cement is also non-

ferroan and varies from eguant, blacky crystals, to blades,

o the axial ratic

to a fibrous fabric. Correspondingl

to an averane of 3/4:1, to B:1. Thg com=-

varies from

ent occurs chiefly in skeletons of archacocyathid

is either the first cement precipitated (Fig. 36),

brous cement (never the

precipitated on top of cloudy f

reverse), in which case t bases of the individual crystals

are in optical continuity with the eement substrate. FPores

are often oceluded with this cement, It alse succeeds
cloudy fibrous cement encrusted onto the base of the corlo=
bitic organisme in cavities bencath retilaminiferm archaco-

cyathids and sometimes occluded with blades of this cement.,

A possible micrite cement is precinitated between clumps
of pendant renalcid algae in cavities but is probably nuch

more widestread (see discussion).




Fig.33:

Photomicrograph (plane light) of a

cavity beneath Retilamina. The under-
side of the skeleton of Retilamina (top)
has a thick development of cloudy fibrous
cement (C). Both the fracture (Z) and the
remaining cavity (F) are occluded bv
iron-rich pore-fill cement. Note

internal sediment forming the floor of the
cavity.

Scale bar is 0.45 mm.



Fig.34:

Photomicrograph (plane light) of archaeocyathid
skeleton. Original microgranular skeleton (black])
has undergone aggrading neomorphism to microspar

(M) and pseudospar (P). The central cavitv (right)
has been partially filled with internal sediment
(S). Intra-skeletal pores often have thick rinds

of cloudy fibrous cement (C) and are occluded,
along with the remaining space in the central

cavity by iron-rich pore-£fill cement (F). Some
of the intra-skeletal sediment has been dolomi-
tized. (D).

Scale bar is 0.45 mm.

= 0=



Fig.35:

Fig.36:

Photomicrograph (plane light) of part of a

skeleton of Retilamina (dark area). Beneath

Retilamina is a matrix consisting mostly of
broken fragments of cloudy blocky cement.
Scale bar is 0.45 mm.

Photomicrograph (cross-polarized light) of an
archaeocyathid skeleton. Intra-skeletal por-
osity is occluded by a rim of clear, iron-poor
scalenohedron calcite cement (R) followed by
iron-rich pore-fill cement.

Scale bar is 0.4 mm.

- 03 -



1l cements

Pore

wit

al cavities, and

rim=-cements, anc

pink, often coarscly

and 36). Solution of many ‘: agonitic

iopods, hy

prier to the pre

thu

formad are

the

Threo differen

are in
undstone Lithof of
mud
arc
[3]. recrystal .
Most of the mud-sized matrix of the m has

undergonc angradin

microspar (25u).

normally bewteen o
The microgran

has

M under

inal form to microspar wi

granular fabric enclesed within it

been agqgraded to c

strongly resembles

all fractures are

archacocyathid skeletons, syndenosition=

slution cavities not already occluded by

forr

Leach-

1 with or just
t as Lthe cavities

filled wi

(rare

9 ncomorphism from micrite

homoqeneous

Rare patches

micrite exist,

lumps of coelobite organisme in cavitie

ular (calcite) skelet

ithid

qone aggrading neomorphise from its ori

h relict

che [ the micro-

The.microspar has then

war erystals of ferroan which

a pore=fill cement, but is regarded as




the larqge dol-

wvne lithofacies

(Fig. 15) in the Dolomi

o

1 form a  homo=

bs arc cuhedral

(BU=1). The dolomite rh

wons, idiotopic

h an av of 25u.

rich, wi

of skeletal calcarerite and archacocy

isolated rhombs

the dolomite, an

atie eormon Lhrow

iz

Partial, patchy dolomi

the moundstone. The dolomite is again homoage

ral, idiotopic, and iron=-rich with «

between 30-60u in size bu

ranging from

coarser dolomite ©ccurs rarely with rhe

200u. Both sta date fractur

occur rela diagenetic

tively istory.

Althoue dolomitization often leaves

\ pervasive,

echinodarm plates undolomitized oxe re

margins,

but sometimes preferentially selects ar eocyathid skeletons,

particularly th

e already neomorphosed to pseudospar.

Dolomite rhombs also occur as stylorcactates.




Fig.37:

Photomicrograph (plane light) illustrating the
aggrading neomorphism of an archaeocyathid
skeleton. The original microgranular skeleton
(dark area) has been aggraded to microspar (M)
and pseudospar (P).

Scale bar is 0.3 mm.

= D=



Stylolitization
Abundant stylolites occur as two types; (1), Irreg-

ular, anastomosing swarms of non-sutured scams (Wanles

in pre » where the seams are gently undulating, often

givide ond rejoin, and are associated with thick stvio-

cumulates, (2}, lHorse-tail stylolites, defincd

ibparallel microstylolites that coverae i
residual seam™ (Mossop, 19721,

Within the

its, stylolites va

absent to abundant, and when abundant qi

appearance to the rock.

Quartz silt, clay minerals, and | minerals nen-

as stylocumulates, and dolomite rhombs grow as

erally

stylorcactatos.

Fractures vary in density from absent to common, and

although they can up te 3 mmowide, are gescrally m

1® procipitation of

smaller. Fracturing occurred after

rim=cement and was probably coeval with the precinitiation

of the equant ferroan pore=-fill cement which always oce=

ludes the fractures (Fig. 31).

DA CALCARE

15 OF TH

Bioerdsion .

L‘!&mp of the activity of microborers

by the presence of micritic envelopes [(Bathu

: indicated

t, 1966) around

components and by the-rarer occurrence of totally micritized

peloids ¥ch, because of theil size ;d shape, are not

-9t - .




fecal pellets.

In this study, microcborings are commonly found in ech-

‘inoderm plates, Salterella cones, hyolith

¢ and ooids in
the skeletal, oc

tic, mixed oolitie, and onec

itic grain-

stones of the Oolite Sand Facies and are restricted to the

Oolitic Calcarenites (BB=-1}) in the Biostrome

es, In all

tuations, microborings are preserved as m

tic tubules are

well-preserved enough to be dttri

to the blue-green
algae Glirvanella (Fig. 50).

Micrite im the envelope has often been dolomitized and

has rarely been neomorphosed to microspar.
Cementation

Two cateqoric of

cement occur inm Lthe

arcnites:

m Rim-cements whic

1 fringe the particles, and (2)

Pore=fill cements of precipitated calcite which occlude that

part of the pore not occluded by the rim-cements.

Rim-coments
A total of 5 different, but sometimes gradational,

distinguished within the calcaren=-

cal-
cite rim-cements can be

ites. Syntaxial overqrowths and bladed scalenochedra are
common while radial-fibrous, blocky scalenchedra, alnd micrite
are rarer.

Syntaxial cements occur most commonly on, and within,
echinoderm plates, either filling the pores in the plates or

enlarging thelr margins by syntaxial overgrowth

(Fig. 50).




Thi

grent occurs

plates but is

velopes which

(Fi

G.

as

500 . A

non=§

h an

continuity on

mixed peloid mixed oncolitic grainstones of the Oolite
Sand F ics (Fig. origin of this fabric as cement
Fis not unequivecal, however, and a neomorphic origin cannnt
be ruled out

he

ind

A

Mt

ivi

with pyramidal

clear,

with an axial

fir

in

oolitic grainstones;

st

the skelotal

ceren

grainstones.

archaecocyathids,

strome Facles.

les or ¢

of

les

The less

Tl

Blocky spar consists of sub-eoquant crystals (axial ratio

% than 2:1) between

on ooids in

all lithol
seen on plates poss
apparently inhibit any syntaxial o
type of syntaxial cement is
scalenchedra betw
ratio of 5:1, precipitated

te concave lower surfac

scalenohedr

ninations (often iron-rich) to the

crystals range betweer

grainstones; beneath trilobites in the mixed
on peloids and ooids in the ocolitic

ocecurs on trilobites, brachiopods,

radial-fibrous cerent occurs as need-
ngated 30-40u long with an axial ratio

the colitic calcarenites of both Ffacies

10u and 100w

ies containing oc!

slerm

ng micritic en-

of trilobites

remont of bladed

i00u and S00u long

5:1, is often nuclealled as the

is found on coids and peloids

in the calcarenites the Bio-

in size, It occurs on




Fig.38:

Photomicrograph (plane light) of a trilobite
carapace illustrating gravitational cement.
On top of the carapace a thin rim of clear,
blocky, calcite cement has been precipitated
(arrowed) while on the undersurface, a much
thicker rim of clear, bladed, calcite cement
(R) occurs. Iron-rich, pore-fill cement occ-
ludes the pore-space above the trilcbite while
large, iron-rich dolomite rhombs (D) occur
beneath the bladed calcite cement.

Scale bar is 0.15 mm.

=100 =



the top fac of trilohite carapaces which have
cements on concave lower surfaces (Fig. 38), and occur

100u cr

stals on micritized peloids and ¢

oncolitic grainsto

well display

ast grain e forming a rim of 40u crystals around

intraclasts which are not in direct

n

A presumed micrite cement ncours w in the rare

composite grains in the colitic grainste and i xed

colitic grainstores of the Oolite Sand Facies.

coement 8

pore=fill

The same ferrocan, coarscly crystal

ent that occurs in

the calcarenite lithe

types. It is abh

lithologies consisting cchino 1toes

tirely «

contributes up to 40% of the rc

grainstone the Dolite Sand Faci

m

Neomorph i

Neomorphic fabries occur throughout the

in varying. amounts and ar

represents

phism of micrite mud to microspar a

and psewdospar in archaeccyathids. Both of these fabr

are identical to those deseribed from the moundstones.

Other neomorphic fabrics include the formation of ¢

in the intrac

formation of mic

& as

ids in the mixed

b with microspar,

on=

con-

last

1 by acgrading ncomor-

rospar

ics

cudospar

and pseudo-radlal microspar in ocoids; syffxial neomorphic

bites

rima and blades on echinoderms plates and tril

pectively; and a complete recrystallization fabric.

re




sed in

Ooids in the oclitie calcarenites are neomorph
one of two ways. Commeonly the radial-concentric structure

of ooids has been aggraded to a single crystal of clear,

ferrcan psecudospar with a "ghost” reli nucleus of an ech-

inoderm fragrent (non-ferrcan). The margins of the «

dids are

nearly always composed of a dark layer, possibly organic, of

varying thickne (Fig.3%). Harely, and only observed in

the oolite calcarenited of the Biostrome Faci the radial-

concentric structure of the ooids has been neomorphosed to

ospar which d

ays a pseudo-radial fabric due to

clongation of some of .the crystals normal to the surface of

the nucleus cf the coid.

me of the syntaxial ov

wths obscrved on cchino-

derm plates and trilobite carapaces may be of neomorphic
origin as they cmbay ghe mud (micro-spar) matrix which is

probably of

imary origin as the texture of the sediment
in seme places is a wackestone, implyina that the original

components had to be mud-supported. In one instance, bladed

syntaxial crystals develop on the underside of a two walled

skeleton and replacd the interior of the shell as well as

the lower skeletal wall and subsequently r:r1:\.1-,l (‘f_‘hi:lr\dc‘"l’

Thig may &

est a neomorphic origin of some of
the bladed cement fabrics described above.

A total recrystallgzation fabric occurs in some of the
colitic and mixed oolitlic grainstones close to the contget
Wir.‘.! the Biostrome Facies at @sprey Reef. The fabric dev-




Fig.39:

Photomicrograph (plane light) of neomorphosed
ooids. The original radial-concentric structure
of the ooids has been replaced by a single cry-
stal of iron-rich pseudospar. Note the relict
"ghost" nucleus (arrowed) in some of the ooids,
and the black rim on all of the ooids.

Scale bar is 0.3 mm.
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@i

here §% a mosake of dolomitiz

elop

rhosbs have overgrown the margin of the onid),
to [inely crystalline pseudospar.

Dolomitization

lcarenites in oa

polomitization is prevalent in the ¢

nueber of forms including selective dolomitization of prev-
iously neomorphosed archaeocyathid skeletons and of indive
idual coids, a dolomite mottling fabric, and total dJdolomit-

ization.

Arch

rocyathid skeletons (in the Biostrom

Facies cal-
]
cargnites), that have pvicusly been neomorphosed have
-
often undergone selective dolomitization with large (250w}

ferrcan dolomite rhombs replacing the pseudospar.

polomitized ooids are common in both f Three
basic types ot dolomitized colds occur in the Dolite Sand
Facies oolds, The first type occurs when the coid is
replaced by a single crystal of ferroan dolomite of aver-
age size 300u which is generally conl:ncd. to the original
boundaries cf' the coid but cecasionally transgresses that
boundary (Fig. 40). The second type cccurs when the ooid

is replaced by several smaller (60u) crystals of ferroan
dolomite (Fig. 41). This type of dolomitization also ocgurs
in the Biostrome Facies coids. 'The third type consists of

a mosaic of numerous, very small (20-25u) rhosbs of ferroan
dolemite. In the latter two cases, the nucleus is rarely

preserved as a corroded echinoderm plate.




Fig.40:

P 7L,

Photomicrograph (plane light) of dolomitized
ooids. The original ocid can be seen as a
vague, dusty relict (arrowed) in the centre of
the large dolomite rhomb. The ooid has been
replaced bv the single rhomb of dolomite which
continued to grow bevong the margins of the ooid,
Scale bar is 0.15 mm.
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te moltling texture can of ten b

dolomitization of arcas of bioturbation

- 42), but in other e: this pervasive

ousl related to any particular factor,
Y

Distinet dolopitized burrows often have ill-defin

o margi

which extend into the encompass

y sediment , > dolonite

forms as iron-rich equant rhembs in an idiotopie texture

tlthough individual rhombs are o smaller at the centre
of the burrews {15-25u) than at the margins {(30-74u). Simi-

lar e ra

» and textures arc in the pervasive

dolomite mottles In both cases, isolated skeletal com-

ponents lechinoderm plates and trilobites) are surrounded

by dolomite rromb but have corroded rgins. © mott-

ling 1is secn in all lithotypes except the oolitic, mixed

oolitic, and ir of dolo

aclast grainstones., Two stag

itization can be distinguished in the calcarenites which

flank Grey Moundstone (BG-1). Both stages consist of

euhedral, idiotopic, iron-rieh rhorbs, differentiated by
their crystal size; the first st‘acr averaging 150u, and the
later stage 600u which commonly cccurs in original sydep-
ositional cavities.

Dolostones and ddlomitic siltstones are common within
the Ou‘litn Sand Facies. The dolostones can be divided into
fabrics which retain thelir original components and textures
as "ghost™ relics, and fabrics where no original components
or textures are preserved. )

The ariginal texture is best displayed by dolomjtized

oncolitic grainstones at the top of the section to the west
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Fig.41:

Fig.42:

Photomicrograph
ooids.

(plane light) of dolomitized
The original ooids have been replaced
by several rhombs of iron-rich dolomite.

Note the
rim-cements around the ocoid have remained unaltered.
Scale bar is 0.45 mm.

ooy ; VA A ST
Photomicrograph (plane light) illustrating a
burrow in skeletal calcarenite of the Oolite
Sand Facies. The burrow (centre) has been
selectively dolomitized while the matrix remains
unaltered.

Scale bar is 0.45 mm.
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of Forteau. The only grains left undolomitized are echino-

derm plates, but even they have corroded marg . The
P Y

dolonite 'matrix' consists of equant idictopic {75=250u),

Fe-r rhombs, Components still identifiable in the

‘matrix' include Salterella, whose con have been replaced

by clear, non ferroan rhombs (50-100u) with the matrix in

side the conch consisting of smaller (25-75u), dusty rhombs.

Uncolites now con

t of a nucleus of finely crystalline,

cloudy dolomite (50-75u}, surrounded by clear, coarser,

slomite rhombs (50-200u), and rimmed with

hypidiotopie
medium size (50-125u), clouwdy rhombs. A later stage
ferroan, coarse {up to 2 mm) dolomite with strained crystals

1 twins and undulose extinction), partly replaces

(cur

the earlier dolemite texture of some of the oncolites,
Dolostones with no preserved textures consist of euhed=-

ral rhombs in an nhn;_opic texture and may contain up to

50% guartz silt. Textures with both ferroan dolomite rhombs,

surrounded by a mosaic of coarser crystals, probably rep-

resent original burrows.

Silicification

Silicification is uncommon, late stage and restricted
to the Dolite Sand Facies where chert replaces internal mat-

rix in and forms a fabric consisting of

30% dolomite rhombs and 70V chert. VWery rarely, euhedral

dolomite rhombs have been totally replaced by quartz.




Prassuce solution
Pressure solution rain contacts due to
compa is rare and is only seen in dolomitic silt-
nes of the Oolite Sand Facies where quartz grains
are seen to embay one another. Stylolites are e
all the calcarenites and two types can be
distinguished: (1) Irregular, non-sutured
iWanless, in press]l.  The seams are gont Iy undulating,
ten divide and rejoin, and are associated with Lhick
fup te 1 ma) stylocumulates consisting predominant iy‘u(
_4uartz, clay minerals, and opaque minerals. {2) clean,

sutured seams (Wanle oress). The seams are

jagged of low amplikude and with thin stylocumulates.
J

They trend sainly |-T|r.:'. 1 to b ng, but are rarely
normal to the bedding.
It is apparcnt by the concentration of guartz grains
in the stylocumulate as compared to the rest of the
sediment, and by the visible dissclution, in some cases
/UI 90% of some ooids, that dissolution was considerable.
Stylolifization appears to have occurred at several
times during the history of the rock as It predates .
pervasive dolomitization in the skeletal grainstones (common),
post-dates dolomitization of dolostones (rare} as part
of the rhombs have been dissolved,. and pcst—datc_s

dolomitization of the coids in the mixed ocolitic grainstone

(rare) .




Fracturing

Fractures are rare and consist of thin cracks (

than 65u). The cvent .(I'\‘.l.'l.llll.'d after the precipitation
of ri ents, and was probably coeval with the
precipitation of equant. ferroan pore-fill cement which
always cccludes the fractures.

DIAGENESIS OF 0OIDS

The diagenctic sequence of prescrvation and

is summarized diagramatically (F

replacement of ool

ys the same;

43). The order of renlacement is alw

the initial rad oncentric fabric consisting of a

nucleus l(echinoderm fragment) surrcunded by a ra

m

cortex of caleite pri interrupted in the

of dark,

thirds of » ooid by concentric lamel

ed to a single,

P bly organic, material, is neomorpho
clear, ferroan pscudospar.crystal (Fig.39). Micritization
(micrite envelope or peloid) sometines precceds

neomorphism. Partially necmorphosed ooids are only

rarely encountered, possibly suggesting an efficient
mechanism of replacement. Both neomorphosed ooids and
ra(ﬁé_l._—concent ric ooids that did not undergo neomorphism
were dolomitized in one of several ways. Commonly the

aced by a single, ferroan dolomite rhomb

ooid is reg
which occasionally overgrows t:he margin of the ooid
(Fig.40). Several smaller” (25-60u) ferroan dolomite

" rhombs often replace the pre-existing fabric (Fig.41)

and sometimes overgrow the margin of the coid. The
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nuc naderm fragment) is rarely wvroscrved in
dolemitized ooids and indicates that some of the
radial-concentric ocoids were dolomitized without first

undergoing

sm. In most cases, both neomor-

neomorg

*d and dolomitized coids are surro

p

ded by a

con

weric, marginal layer of dark possibly organic-

rich material (Fig.39). . rim-coments

precipitated onto the ooids remain unaltered unle

the margin of the coid (and the cement] is overgrown
by dolomite rhombs, 4
DISCUSSION
Bloeroslon
Bicerosion, in the form of micro-and macroborings

play significant role in th

leve lopment of modern

day reefs (James, 1970; Bromley, 1978) by weakening -
skeletal frameworks and oroducing sediment. Although
- the activity of both microborers (represented by tubules,

micritic envelopes and peloids) and macroborers (rep-

resented by borings attributed to the morphogenus
Trypanites), is present, their contribution to the overall
fabric of the rock is ml.nlma]. The importance of the
macroborer Trypanites lies in th‘e fact that it is the
oldest macroborer yet recorded {James, Kobluk and
Pembexton, 1377} and thus has important implications in

the evolution of macroboring organisms (Kobluk, James

and Pemberton, 1978).



The several types of rim=cements, inel ']

micrite, were probably precipitated

diagenetic o

it is often difficult

characteristic criteria howe

to pin-point the precise location of precinit

on

teul

of s¢ 1 cemen

is more often

he cement fabric alone wh

to rely on

than not o be vrecipitated in more than o

environment (Schrocder, 1973). ]

s cement is interpreted

The cloudy fit

submarine in origin for a“number of reasc

the moundston

, occurring only i

facies specif

never in the flanking calcarenites. Facics specificity L
of cements is known only in submarine envir nts (James,

Ginsburg, Marszalek and Choguette, 1976). ore prosent it is

always the first rim-cement precipitated but may he e
lain by others. The cement is interlaycred with internal

~hed blocks of

sediment inside cavities and loose, det
cement occur within sediment, implying that cementation
and sedimentation were contemporary. The fabric of the
cement is fibrous and inclusion-rich, a common character=
istic of recent synsedimentary cements (Bricker, 1971;

penctrated

p. 47). Lastly the clowdy fibrous cement
by borings whose vacant cylinders are also often ‘occluded

by borings

with this cement. The penetration of comen
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wte o submarine origin for copent

Purser, 1969; James and Kobluk, 1978).

A velunetrically important rim-cement is the

ntaxial overgrowth on echinoderm plates. This

cement has been interpreted in other rocks to be

submarine origin (Purser, 1969), of vadose

sqgin

[Talbot, 1971), or phreatic origin (Evamy and Shearmar,

=ferroan nature of this cnt in the

ey, whi

rocks under have a high iron content

{James and Kobluk, 1978) suggests that iron was in a
ferric state, above the water table and in contact with

air 3o was.unable te be accommadated into the crystal

taxial cements were, therefore probably

ice. The

fe waters in the wvade

itate from mete zone

(cf. Talbot, 1971}.

The vadose diagenetic environment was probably
the site of a considerable amount of rim-cementation.
The blocky and hladed spar cemcnts are interpreted as
being of -ve\dust origin as they show geocstrophic growth
{Fig.38) with bladed spar .nfle‘r: occurrin® on the under-
side of shells growing downwards and achieving
considerable length, while on the upper surface of the
shell, blocky, equant spar of more restricted dimensions
has been precipitated. This denotes.that the cement was ™
precipitated under the influence of gravity from m;teuric.
waters percolating down through the rock. This type of
geastrophic cementation is well documented from subaerial

environments (e.g. Taylor and Illing, 1969; Purser, 19’69;




4

Muller, 1971} and is often knivwn dravitational or

stala: i¢ cement. The non-ferroan nat + of these

cements also infers a subaerial, vadose envir

{Talbot, 1971},

The most difficult rim-cement

radial-fibrous/bladed fabrie occurring on the coids

in both Colite 5 1 Facies and the Biostrome Faciecs.

The ds are rimmed with a fibrous/bladed cerent around

the entire :‘iu.;umr'vrl:n.'\- of the qrain, but the cement

and to the

thickens away flom grain contac

Space. This implies that the initial pore space was

entirely filled with pore=water, a situvation Found in

saturated conditions below the water table, ecither § a
'

submarine or atic environment. Pore-waters in the

vadose environment are often Fgstricted to grain contacts »
and produve meniscus cements {Dunham, 1971), The

presence of several laterally restricted erosion surfaces

in the Oolitic Calcarenites (BE=1) of the Biostrome

Facies suggests that early lithification of the sediment
occurred and may indicate & submarine’ origin., The cement
fabric is also similar to cements previously attributed

to submarine environments (Purser, 1969), '
Clrcumstantial evidence suggests therefore that the radial
fibrous cements arn‘:\und the coids may be synsedimentary F v ¢
and therefone submarinr_‘.. .' -

v
A synsedimentary (submarine) origin for a micrite

cement is indicated for hoth the moundstones and inter-

particle between grains in the 'grarestone of the Oclite
] | r
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. Hecent grapestones are ceported to be
cemented by the precipitation of aragonitic micrite

{Bathurst, 1971) and probably occurred in the rocks under

study. Early lithification of the moundstone
indicated as the mud matrix (now microspar) is cut
-.-le'\lrly by macroborings [Trypenites) suggesting that
a micrite cement may have been involved., Micrite

cements of submarine crigin are commonly recorded

from Re

ent environments (Schroeder, 1973; James et al
1976) . .

Pore-fill ce

Pore-fill cements of anhedral coarse pink

caleite are interpreted as being deposited in Lhe

etic environment. T

phreatic diag cements are
invariably ferrocan implying that the iron was in a
ferrous (reducing) state and able to be incorporated
inte the crystal lattice., This process cr‘cur.:-. out of
contact with air, below the water table in the phreatic
zone (Evamy, 1969; Talbot, 1971; Bathurst, 1%71). ‘J‘hr_‘l -
large size of crystals relative to the vadose cements

is also indicative of the-phreatic zone .l]--\nd, 1970;

Thorstenson, Mackenzie and Ristvet, 1972; Steinen, 1974).

“Recmorphism.
The most common type of necmorphism Is aggrading
neomorphism of micrite to microspar, often reported from

ancient rocks (Folk, 1975) and probably occurring in the

phreatic environment (Bathurst, 1971) although there is
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~.. ---to pseudospar, but to microspar thus making the effects

T- 117 -

ﬁjtf It is difficult to

no direct evidence for ghi

All of the examples of pseuwdospar in the. rocks '

under study are ferroan which ipfers that the arowth

at the expense of the ooid fabric or L
archaeccyathid skeleton was influéenced by the pore-
water, almost certainly in the phreatic environment.

implies that the growth of neomorphic spar occurred

Thi

in a wet ¢

ironment, probably by the migration of a

tal’

solution film

tem of pores between two crys

lattices (Rathurst, 1971) and Lnc

srporated Lren in

ferrous stjte into the growing lateice from the pore
fluid.

wrtain whether the transitional

fabric, micrite-microspar-pseudospar obscrved in the .

archacocyathid skeletons is the result of ome or two

ents of neomorphism. But if one considers that the

growth of neomorphic spar occurs by migration of a -

solution film between two crystal lattices with one

crystal growing at the expense of another (wet boundary

migration of Bathurst, 1971), then there must have been

two stages of growth. The first sta

. OFr "pu}se" of
wot boundary migration converted part of the micrite
skeleton to microspar and then stopped; the sei:cnd sLage
or "pulse” then converted the microspar to clear, ferrcan
pseudospar and then either stopped, or continued. If
the process contlnued. past the terminating point of the

first pulse, then the micrite skeleton was not converted




indiztinguishable (Fiqg.44), Sltl

can be argued that the extent of pscudospar is coual to

the extent of neomorphism in the first as pseudospar

only replaces microspar.

ks

Agarading neomorphisn of some oo s0 prese

interesting problems. Very ocften the 'chost' nueleus of

the ocid, almost always an echinoderm plate, is

al non=ferroan whereas the encircling

Way's

and is
of psecudospar is always of ferroan caleite though Loth

stal.

nugleus and pscoudospar are optically a single

ction gencrally

Unaltered ooids seen in th

of 2 to 3 concentric layers of what appears to l

cd therefore to

orqanic-rich material. Wwhat

oudgh

those layers during the growth of pscudo
little is known on the subject, it is generally believed
that organic material inhibits the precipitation of

vations

calcite (Bathurst, 1971). Petrographic obs
sugqgest that the m‘_k'mlc material has been pushed to the

margin of the ooid during the growth of pscudospar, as

in that

t

re is an pusually thick rind of dark materis

soen

position (fig.3%). The optical relations)

the nucleus and the pseudospar suggests that the pscudospar

is a necmorphic syntaxial rim of an echinoderm plate.

the margin of the ocold nover

But :f this is so, why is
/S
breached by pseudospar? Such detailed problems are

beyond the scope of this study.
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bolomitization
The selective dolomitization of certain structures
is a prime probles of the rocks under study. This

phenomena, whether it is dolomite mcttling, or

selective dolomitization of sedimentary structures i

well documented

the rock record (Beales, 19%3; Shinn, *
1968; Kendall, 1977; Morrow, 1978), and is usually
explained by scdiment heterogeneity which allows dolo-

mitic brines to selectively pass through the rock.

. v
was probably the case with the rocks under study. The,

two features which are most often selectively dolo-
mitized are the dolorite pods which occur in the

stone” lithofacies (BD-1) and bioturbation

Bolomitic Moun

ltincluding burrowis

7] features common in the Oolite

Sand Facies.
In the case of the dolomite pods, the sediment

heterogenecity may have been caused by the early llthih-‘
cation of th® moundstone relative to the pods. Eun.dcr‘we
for synsedimentary cementation of the moundstone has
already been ;:rnsen!ud (submarine cements and micrite

cut -by borings] and alt}\ouqiy_zhe nature of the original
sediment of the dolomite pods has been obliterated, several
structures are still preserved. For example, on some
weathered surfaces, horizental l:iminal.ions and Lrg.c’e‘)

-~
i

fossils (burrows, track, and trails] are seen |

Nekther laminations nor trace fossils occur within the
N\

moundstone suggesting that the two adjacent deposits

Fl .
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differed greatly in their original for

being lithified

as soft sediment.

moundstones

’
to sone degree, and the pods remaining

This would provide the necessary

hetercgeneity for the dolomitic brines to preferentially

select the more

permeable pods (cf. Eendall, 1977).

The dolomite mottling caused by the preferential

dolomitization of burrows and bioturbation fabrics

has been described several times from the rock recerd

(Kendall, 1977;
the biotfubated
the rocks under
was established

Was more porous

selectively dolomiti

Morrow, 1978). This fabric oceurs in

sedipents of the Oclite Sand Facies in

tudy. Heterogeniety in the sediment

possibly because the bioturbated sediment
then the matrix and was therefore

rd (Morrow, 1978). s the matrix

is a grainstone, however, the reverse would probably

have been true as grainstones have very high initial

porosity (Dunham, 1982).

The alternative is that the

matrix (grainstone) underwent early lithification

(vadose) relative to the bioturbated sedimens remained

uncemented and hence more permeable and susceptible to |

itization by percelating brines (cf. Kendall, 1977},

1f 'the mechanism of selective dolomitization was

r
by the percolation of brines though a permeable versus

non-permeable sediment then dolol_nirw.:tion must have
been relatively early, before lithification of the sediment.
retrographic evidence suggests, however, that delomitization,

was diagenetically late, i.e. post phreatic (last stage)

'S




cementation and stylolitization; evidence contra

nd

the hypotheses, Field evidence on the othc

indicates that the dolomite pods were lithified prior
to the intense stylolitization that affected the !

moundstones. Stylolites do not p

5 throuagh the pods

but give the impression that the mounds

ne is “wrapned

- around” the pods (rig.15). This implies two thinas:

1.

nat the po re lithified relatively early

did nat

{pre-stylolitization); (2). The

of calecite when they were lithified otherwiae
stylolites would not have avoided them. A logical ex=
planation therefore is that the pods were lithified by

early dolos

ization, the fabrics of whi nve since

been masked by a later event of dolomitization., The

early dolon

zation may have ‘acted as a centre of

nucleation for the later dolemitization (ineorporating

several stages) which was however, more widesnread,

involving dolomitization of pkreatic cements, pscudospar

and occasionally cther sediments.

The timing and envir

nt of early, dolomitiz

o is not elear as the fabrics have been masked by later

dolomitization. The dolomite was probably not formed

in the submarine environment as this denerally requires

salinities between 4 and 6 times that of normal sca-

water and is usually associated with the elimination of

calciup sulphate (Liebermann, 1967). There is no

evidence of hypersaline conditions existing in the Forteau




Formation as * organisms are considered stenchaline

(Heckel, 1972) and no evaporite deposits are present,
The most likely environment for the 'mxrly dolomitization
is at the interface between meteqric phreatic water and
marine phreatic water (zone of mixing), where carbon
dioxide-rich meteoric waters infiltrate the sediments
{selectively) and mix with sea-water and precipitate

dolemite, (Land, 1973a,b),

Stylolitization and Fractur ing

Two types of stylolites are scen to be facies

specific in the bicstrome complex. Clean, sutured seams,

nerally of low amplitude and often lateral persistent

are restr

ed to the calcarenites. In the moundstenes
stylolites occur as anastomosing swarms of fine non-
v
sutured seams, grading into horse-tail stylolites, The
reason for the difference in stylolite type is probably
related to the percent age of insolubles present in each
lithology. “The relatively hiah silt and clay content in
the moundstones concentrates at stylolite scams where it
eventually inhibits further solution by 'clegging up'

the am.  This initiates soclutied in another, adjacent

area, resulting in a mosaic of anastemosing solution
seams which E\-"!‘.‘!tu;\l ly leads to a nodular appearance in
the rock. Coarse skeletal material, in this case
urc‘haencyarh:ds, are known to provide structural
resistance to stylolitization and may define the position
and size of a nodule (Wanless, in press). This is

certainly the case in moundstones where stylolites are

: ¥
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abut against archaeccyathid skeletons. .

cften secn

v
The calcarenites contain much less insoluble

material and as a result sol ion is not inhibited along
any seam allowing the development of clean sutured seams
which are well-spaced and occur in much fewer numbers,
than the non-sutured seams of the moundstones. However,
where the silt and clay fraction is high in the
calecarenites, anastomosing, non-sutured seams do occur.

Stylolitization co-occurs with fracturing and the

precipitation of iron-rich pcre:f 11 cement although it

t that either stylolitization or fracturing is
the dominant form of pressure release in any one thin-

section studied. "The abundant stylelitization is an

obvious source of the iron-rich pore-fill cement in the
phreatic environment.

Summary of Diagenetic History

Table III summarizes the diagenetic history and
relates petrographic fabrics t® diagenetic processes
and environment. Fabrics are interpreted to have
formed in submarine, mixed meteoric phreatic-marine
phreatic, vadose phreatic, and a late unspecified
ﬁiaqu‘nct ic environment.

Submarine diagenesis was restricted to bioerosion
[by both micro-organisms and metazoans) and facies
apecific cementation, lithifying the moundstones and
cementing the ooid grainstones.

As the sediments were buried, selective dolomit-

miwad ion and lithification of pods and bioturbation
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TABLE

TiT.

Summary of diagenetic processes and fabrics,

ENVIRONMENT

PROCESS

FABR

Bioerosion

macroborings (Trypanites)
microtubular (Girvanellal
micritic envelopes

SUBMARINE peloids
Cementation micrite
cloudy=fibrous cement
radial fibrous cement on
coids
ZOXE OF
MIXING
(meteorie
phreatic= Dolomitization selective dolomitization
marine

phreatic)

VADOSE

Dissolution

rare solution cavities
ching of araqgonite

syntaxial cement on
echinoderm plates
blocky spar cement
bladed soar cement .

PHREATIC

racturing
| Dissclution

 E— —
Cementftion

Stylolitization

small factures

ies
leaching of arag-
shells

rare c
common
fte

stylolites
nodular bedding
ferroan pore-fill cement

Neomorphism

microspar
nseudospar

UNSPECIFIED
{Late diagen-
etic)

Dolomitization

dolomite

Silicification

rare silica replacement

Stylolitizatign

rare styld]l tes




fabrics cccurred in the zenc of mixing between
metecric phreatic and marine phreatic waters (Land, 1973 1
4, bl. Burial was probably not great as the sediments

were then uplifted into the vadose dia t

&nvironment where rim-cementation occurred affecting
all lithologies. Minor dissolution must have occurred
at this time as rare small solution cavities and leached

aragonitic shells are rimmed with' vadose cements,

Exposure to t vadose environment must have been for
4 considerable time as the cements are quite well-
developed in an environment where diagenctic processes

are notoriously slow (Land, 1370; Steinen, 1974},

Burial into t

phreatic environment caused

extensive fracturing, dissoly

tion of aragonitic shells,
stylolitization, pore-fill cementation utilizing fron-

rich solutions released by stylolites, and neomo

vism.
Burial was probably considerable te cause such
.-_-:r_er:sl\.-e pressure solution and fracturing from ouerburdul:n,
A late, undated diagenetic event caused further

dolomitization, minor replacement by silica, and rare

stylolitization.




CHAPTER V. 'ALEQECOLOGY OF THE BILOSTRUME FACILS

INTRODUCTION
.This is a qualitative review of the distribution of

or

nisms in the mounds and calcarenites, the roles that

these orqganisms played, and the structure of each
. organism assgciation with regard to trophic gqrouping.
Data was cbtained from field observations and

supplemented by thin-section study. Where outcrop was

sufficient, metre square quadrants were marked off and

r attenticon being =

the organisms counted, with partic

paid te the morpholegy, slze, and preservation of
d{:naEOCYJthdS in the moundstone. Where outcrop was
restricted, areas of varying sizes were countod and the
area noted. »

Information recarding the dens

ty of orsanisms in

the mounds is biased because of the intense stylolitizaticn
that has masked the original :hspnsifie:‘n of the skeletons
and has caused severe vertical disleocations of individual
skeletons relative to each other. It is noticeable

that the nud matrix was dis‘solved more than archaeocyathid
skeletons as the stylolites often bend around skeletons

or abut against them. In view of the stylolitization
problem, the density of the distribution of organisms is
considered a maximum figure and was probably less at the

time of deposition.

The autecology {Ager, 1963) of the main organisms




which occur in the mounds and calcareniles  of

Eiogtrome Tacies is described and discussed.
synecology (Ager, 1963) describes three distinct faunal

nite

assemblages:  the mound assemb.age, the cale

.
assemblage, and a coelebiti leavity dwelling) assemblage
which @ecurs in some of the mound lithof y .'J'h-‘ . .
mound and calcarpnite as -'emb].a:l_:o.'; are o P
original separate “communities® Lu;‘.lufr‘; (n
little evidencer of transportation, of skeletal
in either lithofacies, a great proportipn of the mour
organisms are preserved in situ, and -,.x.o'.e-.n] clements of
the calcarenites are most ly ‘unbroken, although eften
disarticulated (which is due to mtaneous disinteqration ;
. . /

upen deathl.  (2) The separation of orqganisms
between the moynds and calearenites {s too clear ‘.
te be fortuitous and must reflect the original distribution ¢
of the organisms, '

The relative distribution of the arqanisms in the '
varicus moundstone and calcarenite 43 ’.}:’t‘.f.‘\-\'lr\:- is tabulated
in Tatle IV and is discussed later, * '

’ AUTECOLOGY s '
Archaeocyatifids ’

Archaecoeyathids are the principal skeletal components
in the Biostrome Facies. Very little is known of their -
palececology (Mill, 1972), but_-hy counting, measuring, -

and noting morphologies within the five lithofacies, it
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TABLE IV. Distribution and relative aburdance of organisms

~ . in the five units® -
! DOLOMITE RED KODULAR GREY ooLITE ™
MOUND MOUND MOUND MOl BIOHERM
. Mound Calc. Moui® Calc ¥ound Calc Mound Cale Mound cale
ARCHAEQCYATHIDS -
| Cones/Sticks A sD A sD C == A 5D A 5D "
! - -- A - R A -- c --
TRILOBITES R B P [ R c B P Pa C h =
BRACHIOPODS, P c c c  -- [V B P PY e -
COELENTERATE A - [~ - P - - - - -
:_ ™ RENALCID ALGAE - - B ] - C/A = A - -
I - piphyton - -- R — - - LY -- = =
' ;Girvanella s == C/A - B - [+ == C/A P KEY
I NON-SKELETAL - == = Absent M
i STOMATOLITES R -— P — - A - — - : - ffr:e-‘t
J Trypanites LB o c - - - P - h T - E\::;—.o-r;
SPONGE  SPICULES == - -3 - - - R == R - A -
; ! scslxon:nms‘ 5D A ¢ A SD P 50 A 5o A SO -
o HYOLITHIDS - P P P R P - -3 - P
' salterella Y
FORAMINIFERA -- -- P - .- - 3 -- P - -
s Archaeotrypa - - R == == - - - = - -
’ BURROWS (?WORMS) == - P - == - c ?. P - -
Bija -= - P - -- -- - -- -




was hoped to ascertain \-i?‘\et.hs-r certaln parameters could
be correlated with environment. Counts were made in. four

of the five lithcfacies. Because of the Badly weathered

e g
surfaces and stylonodular structure of the Nodular ' ﬂr
Moundstone, (BN-1) no count was possible although it was,
noted that forms present appeared to be large diameter wide
cones, (un;ols. or bowls.

The diversity of archaeocyathid taxa in the Biostrome . N

Facies is very low, consisting predominant of

Metaldetes profundus, Archacocyathus atlanticus oand a

new genus and morphotype, Retilamina (Debrenne

and James, in prep.). Retilamina is dome-shaped tc sheet-

like, single-walled with a reticulate skeletorn, and an

per surface which has large pores. .Secondary thickening

of the wall is common. Individuals can be up to several
centimetres long but the wall is only 1 = 2 mm thick
{Figs. 45 and 57).

When the relative propertion of stick-forms (M.

profundus and A. atlanticus) against cone-forms (M. profundus}

is plotted for each lithofacies, a trend is seen (see Fig.46).
The lower outcrops of Grey Moundstone at Blanc Sablon

consists of sticks and cones in a ratio of B:1; the Red
Moundstone consists of sticks and cones im roughly equal
proportions, while the Dolomitic HUur\ds_tor.(' has sticks

and cones in a ratio of 1:10., This gives a further

indication of the distinction between the five lithofacles




Fig.45: Cliff-section exposure of the Grey Moundstone
lithofacies (BG-1) at Diversion Reef. Laminar
Relilamina (arrowed) support a pendant growth
of calcareous algae (dark areas, labelled A)
beneath them. The lighter areas consist of
lime-mud matrix.

Scale is in centimetres.
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clear at the moment what weore

although it is

controlling factors in the distribution of

r the

morphotypes between lithofacies.

the synecology, however, archacocyathi are considered

as sessile, bethonic organisms feeding out of the water

Ba 19731) .

column, probably by filtering (Hill, 196
Calcareous algae

_algae, and Epiphyton

The calearecus algae Renalcis, Epiphyton, and a

termed renaleid) are

Renalc like organiam (here

restricted to the mounds and have t same ecological *,

function, so are described together. Preliminary notes

on their affinitics and previouwsly described paleoccology

Wwer.

are given se

crately, ho
Renaleis (Vologdin) consists of hollow, inflated .

and can occur cither

chambers with thick calcareous wa

as individual chambers or as botrynidal agqre

(Riding and Toomey, 1972) (Fic.47]. Although is organism
has a world-wide distribution and is guantitatively very F
important in Paleozoic reefs (Riding and Toomey, 1972; T

are

Wray, 1977) the biological affinities of

uncertain., Several authors belicve that Renalcis is a
foramini feraniElias, 1950; Riding, 1972; Riding and Brasier,
1975) on the basis that the size and morphology is

consi ant with Foraminifera, and that the chambers are

an order of magnitude larger than those associated with




Fig.47:

Fig.48:

L 5 A %
Photomicrograph (plane light) of a clump of
chambered Renalcis occurring in the Red Mound-
stone lithofacies (BR-1).

Scale bar is 0.3mm.

A v &) - o
Photomicrograph (plane light) of tubules of
Girvanella encrusting the central cavity of
an overturned archaeocyathid (right). Note
the penetration of Girvanella by the macro-
boring ichnofossil Trypanites (bottom centre).
Scale bar is 0.45 mm.

S D



blue=green algac ihcﬂ.lllsru' on in Riding a Brasicr,
197%) . They are therefore considered as a scparate family
{Renalecidae, n. fam.) of the Parathuramminacea (Riding

an

-Smnn-t, 1975). ©n the other-hand, they arc often
conkidered as blue-green algae (Korde, 1973; Hofmann,

1975) er at least problematical blue lgae (Wray,

1977). A recent work (Brasier, 1977} illustrafes well-
preserved Renalcis in oncplites from the Eilean Dubh
Formation of the Durness Group (Lower Cambeian) in
S;::L]and, Brasier (1977} describes the walls as
consisting of a chain of minute coccoid cells with the
packing of the ecells reducing towards the central

chasbér. -Brasier (1977} concludes that these resemble

el

colonies of coccoid cyanophytes (blue-groen al

embédded in a gelatinous envelope, but concedes that

Renale

may be an alrt.ificial or polygot genus [Brasier,
1977). In the light of this study, Renalcis is considered
here as a cyanophyte .(blue-green algael.

Epiphyton (Bornemann] consists of densely branched
calcareous thalli with no discernable internal structure
and is generally less than one mm in overall dimensions
(Riding and Toomey, 1972; Wray, 1977). It is nlaced
in the Cyanophyta (as precblematical blue-green algae) by
Wray (1977) because of the rt.-z;crrhlanro to Renalcis, the
lack of micro-structure in most specimens, and the non-

definitive illustration of claimed microstructure.




Epiphyton is generally considered a member of the Rhodophyta

(Red al

! by most authors (Riding and Wray, 1972; Riding
and Toomey, 1972; Korde, 19731}, based on Lhr._- cellular
microstructure with cell-wall- pores and sporangia,

noted by Korde (in Wray,1977), and this :nrr_»rprct‘ation

iz followed in this study.

Epiphyton and Renalcis ;omunly occur in the Lofier
Cambrian (Korde, 1973; Brasier, 1976; Zammareno; 1977;
James and Kobluk, 1978) sometimes forming algal mounds,
and alsooccurring in massive algal limestone [Zal_m'..!re?m,
1977). I Lower Ordovician mounds, Epiphvton and Remalcis
are mutually associated as sediment binders and
stabilizers by forming dense clusters in sediment
between .m;l surrounding the mound forming organisms
Archaeoscyphia and Calathium, but preferring a firm sub-
strate (Rlding and Toomey, 1%72). Renalcis also.nncrusts
other organisms but it is not certain whether Epiphvton, S

encrusts in the same fashion. Both Renalcis and Para-

epiphyton (later placed as junior synonym of Epiphyton

(Riding and Wray, 1972)) are regarded as good indicators
of reef facies in the Upper Devonian, where they occur
as encrusters, sediment stabilizers and binders (Wray,
1972y,
Zhuravieva (1960, in Hill, 1972) claims that Renalcis
and Epiphyton are mutuwally exclusive, with Renalcis occurring .
with archacocyathids at depths down to 50 m and Epiphyton

occurring with archaeocyathids at denths between 50-100 m,
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althowsh Riding (197%) questions the ass

. Following Kobluk and James (in pre an erganism

similar to both Renalcis and Epiphyton is roferred to as

renalcid algac. It resembles Renalcis in size, mode of

growth, and

rrence but f/i/FEr'rﬁ in being unchamber

more arborescent, and bra

ng. It resembles

piph

d, unchim/bvrud'. and arborescent but
a Figs. 57 and 58). The renaleid

with Renalcig, so in the fo

in being branc

differs in b

algae always

text the two organises are both referred to as renalcid

algae unlesa stated otherwis

The palececology of renalcid algae and

ipiphyton is

essentially the same in the Biostrome Facies of the

Forteaw Formation. They.are all restricted to moundstone
lithofacies and are completely absent from the flanking
calcarenites, They are, however, totally absent from

the Dolomitic Moundstone (BD=-1) and the Nodular Moundstone

(BN<"1) but abundant'in the other thfee moundstone 1ithe-

facies (BR-1, BG-1, BB-2). This ppttern of occurrence

i

with which

is the same as the distribution ol Retil

the calcareous algae are always intimately associated

(Figs. 45 and 57), although they do occcur in other

situations as well. In all occurrences,
are the most common. Epiphyton is considered rare altho
this may be due to the difficulty in scparating the
organism within dense growths of renalcid algae.

The main habitat of calearcous algae is in cavities,
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qrowing as pendan from the undersides of Retilamina
(Figs. 45 and 57) which forms the roof of the cavities.
These algae also commonly occur as thin (=several

millimetres maximum) encrustaticns on the outside of

archaceeyathid cups and coelenterato skeletons but often
have geostrophic growth, with thickest accusulations on
the bases of skeletons.

The rele of the calcareocus algac in the mounds is
envisaged as being two-fold. They are the primary
producers fautotrophs) in the trophic structure in the

mounds, and also act as sediment stabilizers and binders

when they sccur on the outside of skeletons fcf. Riding
and Toomey, 1972).

Girvanella

Girvanella (¥ichelsen and Etherid a flexous,

sed of

tubular fifament of uniform diameter, comp
relatively thick calcarecus walls and is qenerally accepted
as a member of the Cyancphyta (blue-green algae) [Wray,
1977), although it has also been considered as a Fora-
minifera, sponge, or green alga (sce discussion in#Riding,
1975). Girvanella has often been placed more precisely
into the family Oscillatoriaccae [t_“‘.g. Lauritzen and
wWorsley, 1974), but vrobably represents the remains of
numerous taxa possibly belonging to several families of

blue-green algae (Riding, 1975%; Wray, 1977}, particularly

when it is considered that mest of the features by “which




extant blue-green algae are classified are lost during
fossilization (Riding, 197%; 1977a).

The recorded geologic range of Girvanella extends
from the Cambrian to the Cretacepous [Riding, 19751,
though extant forms are being documented (Riding, 1977a;
Kobluk and Risk, 1977). Most of the fossil forms of
Girvanella are from marine sediments although freshwater
forme from Cretacecus lacustrine limestones are known

{Colin and Vachard, 1977). Gicvan a is often used as

a shallew-water depth indicator but this may be suspect
if Girvanella is indeed representative of a number of
taxa, each with its own tolerances (Riding, 1975).
However, it has been cautiously sucgested 4.1( the
prostrate growth form of Girvanella (Agathidia) compared
with the erect growth form of the morphologically similar

irvanella

Ortcnella (Thamnidia) may indicate that
inhabits high light availability areas (implying shallow-
water) whereas the phototrophic growth of Ortonella
suggests physical confinement as regards light availability
{and hence sometimes, but rot always, deeper water)
(Riding, 1977a).

Girvanella has been described from many environments
and as performing many roles in its geologic history.
It is commonly found as an encruster and binder in back-

reef environments in the Silurian (Lauritzen and Worsley,

1974) and Devonian (Wray, 1972). It is documented as an




epdolithic

iboring) organism in the Lower Ordovician
(Klement and Toomey, 1967), and occurs in clusters
or "nests' in the back-reef environment in the Silurian
(Lauritzen and Worsley, 1974). Girvanella is commonly
the chief component in skeletal stromatolites (term after
Riding, 1977b) in the Upper Cambrian (Ahr, 1971;
Chafetz, 1973), where it also’ forms bicherms. In these
biocherms Cirvanclla has a dendritic growth form which

H baffles sediment by growing vertically in tangles of
almost straight tubules to form a series of bushes up
to five cm high which tooether constitute a bicherm
{Ahz, 1971).

Girvanella occurs in the Biostrome Facics and

also the Oolite Sand Facies in a variety of modes of

life: (1) encrusting onto skeletons; (2) as skeletal

stromatolites and oncolites; (3] in ‘ne or clusters;
(4} as an endolith.
Encrusting Girvanella: The most common mode of

occurrence far Girvanella is as’'thin encrustations onto

b

other skeletons, particularly archaeoccyathids (Fig.48),

This cccurs in all of the moundstone lithofacics except

the Dolomitic Moundstone (BD-1) and is particularly

common in Red Moundstone (BR-1). More commonly, Girvanclla

encrusts the top and sides of archacocyathids but it also
occurs as a coelobitic encruster on the undersides of

" Retilamina. Girvanella octasionally encrusts the upper i

surface of trilobites in skeletal grainsteone, mixed peoid




packestone and mixed oncolitic grainstone of the Oolite

Sand Facies. P
Girvanella ;15 skeletal, gtromatolites and oﬁcolltes:.
— .

The microstructure of some of the stromatolites in the

Grey Moundstone (BG-1) and the Oolite Bicherm J.I'l:’-Ofﬂ(‘iE.E’

{BB-1) consists of Girvanella tubules. At the top of

the section at L'Anse Amour, Girvanella stromalites

,
have a structure consisting of laterally linked

hemispheroids ®ith clese lateral linkage [LLii-C of

Logan et al., 1964). The microstructurze consi
prostrate Girvanella tubules which cumulatively form

d the

wertical bush-like structurcs that possibly b

ability to baffle sediment. The Girva

stromatolites

mall

ﬂ?.‘nhcd’drl'd in Oolitic Calcarenites (BB=1) form
ovoids in .plan {diameter of several rcntimf:rr::'sﬂ and

have a Structure of laterally linked hemisphercids with
spaced lateral linkage. This grades vertically (within

one cm) into laterally linked hemispheroids with clo:

lateral lkinkage (LLE-S/LLH-C of Logan et al., 1964). The

;
type LLI structure is interpreted from modern studies

to occur in the marine, intertidal mudflat anvlrnnmons,
mainly in protected re-entrant bays and behind barrier
islands and ridges where wave-action is usually slight
(Logan et al., 1964).

Girvanella Uncol’tes occur commonly in the mixed

oncolticgrainstones of the Oolite Sand Facies (Fig.d49)

where they have a structure of concentrically stacked




Fig.49:

e NS UL i s o iz ek
Photomicrograph (plane light) of Girvanella
occurring at the centre of an oncolite in the
mixed oncolite grainstone lithology. The on-
colite enlarged here is the same as that ill-
ustrated at the top of Fig.14.

Scale bar is 0.3mm.
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- 1964), normally around

spheroids (855=-C of Logan gt al.,
a nucleus of a compound graim (grapéstone)l. Un to three
periods of growth are indicated in some of the oncolites

(Fig.21). Type S5-C structures indic tinuad

te ¢

motion to achieve concentrically stacked spheroidal

laminations suggesting a high-cnergy envircnment for the
mixed ongolitic grainstone (Ginsburg, 1960; Logan et al.,

1964 .

'"kests' or clusters of Girvanclla: Rare cccurrences
of spheroidal clusters of intertwined tubules of
Girvonella occur as agyregates up to soveral millimetres

across in some of the mounds. A similar morvhelegy occurs

tn the intra the Oolite Sand Facies

last grainstonc of

(Fig.22) but these m be formed by trar rtation. .

la as Endoliths:. An isolated occurrence of

Girv

Girvanglla as an endolithic organism is scen in the

mixed oncelitic grainstone of the Oolite Sand Pacies

where one half of an echinoderm plate now con
entirely of intertwined tubules of Girvanella while the
other half remains unaltered (Flg.50).

Non-Skeletal Stromatolites. i

The only non-skeletal stromatolites (term after
Riding, 1977b) in the Biostrome Facies are small (less
than one cm high), vertical stacked hemispheroids with
a variable basal radius (type SH-V of Logan ot al., 1964).
They commonly occur in groups in thé Grey Moundstone
(BC-1) at Blanc Sablon (Fig.27) but oeccur rarely as

isolated stacks in the Dolomitie Moundstone (BD-1) and
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Fig.50:

colite grainstone . lithology. The top part of

the ?echinoderm fragment (E) has been micritized
by the endolithic activity of Girvanella, tubules
of which can still be seen. Note that syntaxial
cement (T) occurs on parts of the fragment not
bored into but is inhibited on the micritized
part of the fragment. The ooid (left) has been
dolomitized by numerous, small, dolomite

rhombs. Note the dark outer layer of the ocoid.
Scale bar is 0.4 mm.
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tone (BR-2] aL Fox ©

the Red Mound

Coclenterate.

h new, primitive coelenterate (7} occyrs sporadically
in the Biostrome Facies. ‘Tlm skeleton, currently bLeina
deseribed by Kobluk and Sorauf (in prep.) cc ts of
higHly broanched fronds up to 10 em long, cach branch
tapering to a point (Figs. 51 and 52). The 'i.—ncrn..'.
p structure is not visible as the criginal skeleton ha ¢
dissolved and the resultant void filled with .
ent (Fig.52).
The' distribution of the coclenterate is very
irreqular. It is very ebundant the northern outcrop
of the Polomibic Moundstone (BD-1) at Fox t o but is X
absent from equivalent strata J10 m to the south. 1L
also eccurs in the i;;:la-mllic Moundstone (BO=-1) in the .
cliffs at L'Anse Amour. It occurs throughout the Red
Moundstone (BR=1), particularly in a colonization assemblage
." (see below), but is rare in the Nodular Moundstone (GN=- N
and is absent from the Grey Moundstono (BG- and Oolite
4 Bicherms (BB=2). ]
The role of the coelenterate in the mound structure :
) is uncertain. The branched morpholeogy anpears to qgrow {

either horizontally along the sediment or downwards,
although an attachment point is not seen. Its morphology

suggests that it trapped sediment within its branches

which were alsoc used as attachment points for pendant

calcareous algae,




Fig.51:

Fig.52:

Cliff-section of Dolomitic Moundstone (BD-1). A
frond of the coelenterate organism (X} lies
below three archaeocyathid (Metaldetes)cups.
Scale bar is in centimetres.

Photomicrograph (cross-polarized light) illustrating
skeletons of the coelenterate organism in Red
Moundstone (BR-1). The skeletons have been leached
and infilled by pore-fill cement. The matrix was
lime-mud (now microspar) with a proportion of
guartz silt. The dark sediment (S) surrounding some
of coelenterate fronds may be stromatolitic in
origin.

Scale bar is 2.5 mm.
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Early Cambrian brachiopods are a moderately large,
quite complex (not primLtive), diverse aroup of organisms
which bear witness to a major phase of evolut ionary
radiation (Rudwick, 1970}, Inarticulate brachiopods
are more common than articulates in the Cambrian,
particularly in the Lower Cambrian where five inarticulate
superfamilies are known and only two articulate super-
families, Schuchert and Dunbar (1934} list six species
of brachiopods from the Forteau Formation but I-‘omz
(1967) and Balsan (1973) list enly three: Obelella
chromatica, Kutorgia cingulata (both inarticulate) and
Nisusia oriens (an onlhid articulate),

Ecologica

« recent brachiopods can be described
‘as bivalved, sessile benthonic, epifaunal (permanently
attached), low-level filter-feeders [lophophorates) .,
The feeding system of fossil brachiopods can be inter-
preted to be functionally the same as extant forms
[Rudwick, 1970) suggesting that Fossil forms are

ecologically similar to the living forms,

The ingestation
and digestion of inarticulates is essentially the same

a5 the articulates, differing only in the expulsion of
waste {ﬂl'lticulalrs through the mouth, inarticulatés through
the anus) and the food is the same, both classes having
the ‘ability to assimilate dissolved substance mlus

bacteria, cel loids, organic detritus and algae (Steele-

Petrovié, 1976). The food of fossil brachicpods was
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prob.

y the samc as extant forms (Steele-fetrovid, 1976).

Brachiopods arc attached to the substrate by pedicle

or by cementation [Rudwick, 1970}, but the Lower cCambrian
ferms, particularly Obelella, hod a pedicle attachment
(Balsam, 1973},

Brachionods are reported from “recf-like” cnviron=
ments throughout the Phanerozoic. Although a minor
phylum today, they are pr

ent in modern recfs, bul

gccupy a coclobitic habitat (Jackson, Goreau and Hartman,
1971; Logan, 1977}, and only emerqge from these cryptic
environments with increasing depth (Logan, 1977).
Inarticulate, acrotretide brachiopods show ureat
diversity (17 general in the Ordovician Meiklejohn mounds
of Wevada, roflecting the adaptation into numerous
microhabitats (Rowell and Krause, 1972).

In the Biostrome Facies of the Forteau Formation,
brachiepeds, particularly Obelella, are found sporadically
in both moundstones and calcarenites. In'the moundstene,

Obelella and rarely Nisusia occur as isolated ;mh\udualis b

and are noticeably mere common where there is an abundance
of calcarcous alqm':, especially in the Red Moundstone

(BR-1). They may have attached themselves to ©

careous

algae "¢

5 suggested from their occurrence in the Ordovician
Meiklejohn mound (Rowell and Krause, 1972}, Thege is no
evidence for their attachment in this mode in the rocks
under study, but this is not usual as the soft pedicle

rots away upon death {(Rudwick, 1970). They were not found

in a coelobitic habitat.




Brachiopeds are the chief skeletal component, along s
with echinoderms, of isolated pockets (small lenses) of
skeletal calcarenite occurring within the Dolomitic
Moundstone [(BD-1), Red Mowndstone (BR=1), and Hodular
Moundstone [BN-1)} and probably represent arcas within
the mounds favouring brachiopeds and echinoderms,
Brachiopods are considerably more common in the
g flanking skeletal calcarenites where they oceur as
unbroken, disarticulated valves, either singly or in
"nests” suggesting a gregarious mode of life., It is,
however, important to differentiate between life and.
death assemblages. This Is difficult with inarticulate
brachicpods as ;.hc shells become disarticulated upon
death (Ager, 1967). The individual, disarticulated
valves of the "nests”™ are unbroken and show no other
signs of wear suggesting that transport was minimal.
It is considered therefore, that brachiopods in the (
Biostrome Facies occcurred as single individuals in

) the mounds possibly attached to calcareous algae, and

o

occurred as both single individuals or in nests or

pockets of calcarenite in the mounds and in the [lanking

b -

calcarenites. In both cases they were low-level filter
feeders.
Trilobites.
Lower Cambrian trilcbites are a very complex and
diverse group of organisms with 4 orders and 24 families

(Harrington, 195%). 1In the Biostrome Facies the only
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genera recognised are Bonnia sp. (fam. Doryoygidac) and
Wanneria sp. [(fam, Olenellidae) although a third form,
seen only in thin-section, may be another taxon,

In spite of the abundance of trilobites in the
fossil record and the vast amount of taxonomic data on
them, little is known of thelr palececclogy. It is
possible however, that their mpde of life may be deduced
from their functional morphology (Bergstrom, 1971).

The main morphological features of Bonnia are:

a wide rhachis (axis); a smooth exterior; a hiahly convex,
l’som«'guus body, particularly the cephalon; and small
eyes. The wide rhachis allows plenty of room for
appendages and muscles so that Ln‘e animal had considerable
power, uscful for a swiﬂngr. crawler, or burrower. The
smooth exoskeleton would cut down the friction if the
Ianlmai was a swimmer and would keep sediment from
adhering to the skeleton if it was a burrower. The highly
convex shape would be a restriction to a swimmer, but not
to a burrower. The isopygous skeleton may suggest that
the muselé’pwer was evenly distributed, possibly
allowing the animal to burrow backwards into the sediment
as suggested for trilobites with similar morphologies to
Bonnia (Bergstrém, 1973). It is likely therefore that
Bonnia was a burrower, and as Bergstrom (1973) suggests
" for similar trilobites, the cephalon may have rested on
the surface while the thorax and pygidium were inclined
{not verticallyl into the substrate. Burrows were not

seen in the sediment studied but they are not often
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preserved (Her

trom, 1973; p

62) . Bonnia appears (o be
restricted to the moundstone where it probably burrowed
and lived on food within the sediment. Many similar

trilobite morphologies have been found in reef-rock

of
the Middle and Upper Ordovician of Swedon (in Rergst rom,

1973 .

anner

is characterized by a reticulate network

of raised lines on the skeleton which distinquish it
from Olenellus in the field. Its main roruh:‘:'.r}uu:n]
features are: an clongate, micropygous exocskeleton
which is nearly flat or with low convexity; large cves;
long qm\;.:l spines; a wide cephalon; and a narrow
pygidium (the axis tapers from cephalon to pygidium).
A tapering exoskeleton suggests that the muscles and
appendages wore concentrated towards the front of the

animal, possibly indicating that the organism crawled

along the surface or burrowed head first. The long genal
spines and general spinose nature of the organism
precludes a burrowing or swimming habit. but not -a
crawling habit, The large eyes suggest that the
animal either scarched selectively for food or was pronc
to attack from predators and used them for warning of

3

attacks. Tt is probablf that Wanneria was part of the

mobile benthos, possibly a scavenger or deposit feeder.
+

It was restricted in its d)s‘trsbur_.\m‘. to the flanking

calcarenites.

The third trilobite, seen only in thin-section,




v
:‘LL o

——

[Fig.53) is wery small {1 mm across) wWith a highly

convex carapace and occurs only within the inte

nal

sediment of cavitlies. They are however, not Spinose

s are the coelobitic trilobites of lower patch reefs !
{kobluk and James, in prep.). Not enough is known of

their morphology to infer a mode of life but they must

have lived either on or within (as by rowers) the

internal sediment, probably as scavghgers or denosit

Hyold th(\\-_

Hyoclithids are extinct, bpereulate, hilaterally

feeders.

symmetrical animals with a calcareous, ventrally
flattened, conical shell, and are of uncertain
affinities (Hunnegar, Pajeta, Morris, Taylor, Taylor
and MeClung, 1975), They are either considered a

separate phylum Lut related to the Maollu

4 or Sipunculoide

(Runnegar et al., 1975%) or are placed as sor

rate class

in the phylum Mollusca (Yechelson, 1961; Marek and

Yochelson, 1976).

The hyolithid skeleton consists of three part

[1}  An elongate cone (2) A close-fitting operculum

{3} Two narrow, dorsally curved appendages which project
from slots between the cperculum and shell on opposite
sides of the organism., The irran:;omnt of the muscle
scars suggest that the head could be pretfacted or )
retracted, the operculum could open and close, and

appendages could be moved (Runnegar et al., 1975).
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Fig.53: Photomicrograph (plane light) of internal sedi-
ment in a cavity formed by Retilamina in Red
Moundstone (BR-1). Sediment was lime-mud (now
microspar). MNote small, highly convex, trilobite

carapaces. The lighter areas (now spar) were

probably small worm burrows.

Scale bar is 0.45 mm.

Fig.54: Photomicrograph (plane light)

cone in skeletal grainstone of the Oolite Sand
Facies.

Scale bar is 0.45 mm.
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The function of the two appendages 3

nteoversial.,

They may have been used as oars in a rowi

v action to
propel the organism along (Runnegar et al., L975)

although there are no special muscles to 1est this

(Marek and Yochelson; 1976) . Yochelson (1974) claims
that the appendages acted as stabilizers giving the animal

lateral stability. If movement of pny kind involved

the appendages then it would have been slow and sporadic,
and of the prder of a few millimetres at a time (Marck

and Yochelson, 1976}, The presence of sediment in the

gut of well-preserved specimens sdggests a deposit-
feeding mcde of life (Runnegar et al., 197%) with a most
—_ =

plausiple food source of mixed detritu

and micro-

organisms living on or within the sedimentrwater interface

{Marek and Yochelson, 1976). 'J\tk food was most likely .
collected by either a short proboscis that projected

ventrally between the operculum and cone {Runncoar et al.,

1975) -or by tentacles, which would have also facilitated
movement (Marek and Yoche!ﬁo§. 1976} .

Hyolithids occur in b;th the moundstones and
calcarenites, particularly the more muddy calcarenite

lithelegies, where they were probably semi-sessile

omnivorous deposit feeders. Their distribution is .

inverse to the distribution of preserved calcarcous algae

suggesting that they are deposit feeders and not algal .

browsers as suggested by Balsam (1973). :




Four classes of primitive echinoders

¢ recognisod
from the Lower Cambrian; Eocrinoidea (Blastozocal .
Helicopldtoidea, Edricasteroideu and Camptostromatoidea

{all Echinozea). This ini ial explosive radiation in-the

Lower Cambrian suggests that t

e was considerable
Prccanb’rian evolution of this group il]ur;mn-, 19644 which
allowed divcrs.-iic.mxon of the basic morpholegical desiqn
when the organisms colonized a new environment in the
Lower Cambriaon and adapted to a novel mode of life

(Paul, 1977).

# All of the Lower Cambrian classes were morphologically
inefficient (Paul, 1977T). They consisted of a flexible

theea of imbricated plates, although the eccrin is had

a small eral surface of weakly tesgelated nlates, The
relatively large theca and small exchange surfaces for

ration w

oxygen and carbon dioxide suggests that res

inefficient (Paul, 1977). The large theca also indicates

a large food requirement but with the small filter arca

available on Lower Cambrian echinoderms (sce raul, 1977;

p. 138) then feeding must also have been very incfficient.
paul (1977) regards all of the Lower Camkrian

echinoderm classes as being filter-fecHers but Sprinkle

{19?@] regards the camptostromatoids {only onc genus

known from the Lower Cambrian) as part of the mobile o

benthos or as shallow burrowing detritus feeders while

pcocrinoids are high=level filter feeders, and helicop-

lacoidea and edricasteroids are low-level filter feeders.
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The aize of the food grooves in the [ood=qgathering
brachicles and ambulacra of the eccrinoids suygests

that the food was microscopic plankton. The cocrinoids

were therefore microphagous hi

tL=level filter feede

living in an upright position with a long

appendage (holdfast) at the aboral end supporting a

globular calyx with mouth, ambulacral

arms and food-
gathering concentrated at the summit [Sprinkle, 1973 .
The cocrinoids were alsc gregariocus, living in “gardoens”

situated at favourable localities for fe

ding, attachment,
or reproduction (Sprinkle, 1973).

in the rocks under study, only disarticulated
plates of echinoderms are preserved so no taxa Jare
identifiable. This suggests that the cchinoderms were
not rapidly buried as they possess skeletons which usually
disintegrate rapidly after death (rPaul, 1977), so arc only
preserved as whole skeletons upon rapid burial (sprinkle,
1973). In the Biostrome Facies, the disarticulated plates
make up a very large proportion of the mound-f lanking
skeletal calcarenites and are locally abundant in Red
Moundstene (BR=1}) at Blanc Sablon, but are absent from
the rest of the moundstones except as skeletal debris
which was probably washed in. They do however, ocour
in the small lenses of calcarenite which occur within

some of the mounds.

The echinoderms can therefore be said to be a

ubiquitous member of the sands flanking the archacocyathid




mounds where they were probably high-level filter

feeders forming gardens, and alse eceurred in favourable
positions within the mound, along with other skeletal

fauna (brachicpods, trilobites, etc.), but were absent

or very rare from most of the mound.

Salterella

sp. (Fig.54) consists of a normally

radially symmetrical, simple cone of calcium carhe

te,
which has grains, selected for size and shape, placed
layer Ly layer within it, and each layer of grains is

held in place by a thin layer of caleium carbonate. The L3

pical part of the cone is filled except for a central
tube of uniform diameter (Yochelson, 1977).

The affinities of Salterellw’are in doubt; Yochelson
{1977) places the genus, along with another closely

related genus Volborthella, in a new phylum, Agmata,

although Velbeorthella has also been ascribed to the phylum
Annelida (Glaessner, 1976). ’

Ecologically, Salterella has a funct:oﬁal morphology
which does not have a suitable ecological niche. It
has a geographical distribution threugheut the Appalachians
but is apprently restricted to the top portion of the

Bon

Olenellus zone of the Lower Cambrian (Yochelson,

s
1970) . Using sedimentological evidence, Salterella

inhabited environments which demonstrated a wide range
of energies but were predominantly shallow-water, with

depths between a few centimetres and a few metres (Yochelson,




1977}, The presence of selected grains in the conch and
absence of buoyancy structures rules out a pelagic or

nektonic mode of life as their weight would have been

too areat. Glaessner (1976) dra the anal

Yy betw

N

the closely « ted Velborthella and the sabellariid worms
and suggests that Volborthella lwed’np»x downward in the
sediment with the top part exposed and was a filter-

feeder which also picked silt=size grains out of the \

water-celumn as they drifted p But Yochel

wm (19770

correctly points out that any current strong cnough to :
carry silt would also be strong enough either to wash

the small animal from the sea-floor or smother it

completely. The mode of life has been compared to

cerithid gastropods (Reinhardt and Wall, 1975). This . 4
is based on similarities of gross shell-shapegand death
assemblages. However, the {u.nct:ion_.il morphology of the

two animals differs too much for a direct comparison to

be made. A mobilé life-style is suggested, particularly

as grains in the conch are!ufr'en rare in the sediment matrix
suggesting that the animal moved towards, and selected *
part}cu]'dr grains. Contrary to this hypathc‘sis however, -

is the flll)ng of the cone which would indicate that

the Ord’anm!r- may have lived apex down and thag if Salterella

was mobile then the'ccmc"n would have to be draqqed along

iYochelson, 1977). It seems likely therefore, that

whatever mpode of life was utilized by Salterella it was

very inefficient. .




Although commen in the skeletal grai

Lone, mixed

peloid packestone, and mixed oncolitic grag

etone litho-

alterclla is absent

‘) logies of the Oolite Sand Facies,

from the moundstone and calcarenites of the Biostrome

Facies, occurring only in the Oclitic Calearenites (Bp-=1)

which flank the Bioherms (BB=2) at Schomner Cove.  In this

. . lithofacies s lterella is very abundaht adjacent to the

bioherms (within 2 m) but becomes rarer aw
[

¢ from them,

possibly suggesting o greatdr food BOUFCE nearer to, .

»
and possibly derived frem, the bicherm « It .is envisaged

therefore that the Salterella was a very incefficient membor

of the mobile benthos, possibly a browser or

deposit-

feeder.
SYNECOLOGY

Mound-flanking Skeletal Calcarenite faunal

The term assemblage is prefered to community as

this is only a qualitative description and the taxa

involved are only . identified o4 a very broad scale (never

‘-' to the species level).
T
The assemblages are documented with a view to the

role of the organisms in the assemblage and to their

trophic grouping, so that a gencral,

structure of Lh\e various assemblages can be nresented

*forming a basis for future detailed analysis with tighter

taxenomic control. -

The skeletal composition of the flanking calcarenites

is more or less the same for each lithofacies, consisting

of five groups of organisms; echinoderms, brachiopods,
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trilebites, hyolithids, and Salte

1la. Mascd on their

autecology, these organiems can be di vided into s

is5ile

epifauna and vagile epifauna {see Table V). The sessile
epifauna consists of echinederms and brachiopods and
can be regarded as high and low-level filtor suspension
feeders respectively thus partitioning the food supply.
The vagile epifauna consisting of trilebites,

olithidg,

and Salterella can be considered as s rdimont

dependent
organisms; cither deposit feeders of browsers. Volumet rically,
echinoderm plates form r_fh; bulk of the sediment with
brachiocpods and trilobites the next most important;

hyelithids and particularly Salterella are rare. As

regards the structure of the assemblage, the

ved

trophic chain (Fig.55) is very simple lacking both

primary producers (autotrophs) and pred

ors. Bearing
inmind that not all the crganisms of the eriginal

community will have been preserved (sce discussion in

Stanton and Dodd, 1976), the dominance of [i lter-foeders
within the asgemblage suggests that the environment was,
to some degree, turbid as the food supply te the
majority of organisms was in the water column,

Mound-dwelling faunal assemb lage

The faunal assmeblages which inhabit the mound
environment are generally more complex than the calearenite
assemblage. There are differences in the diversity of
organisas between the five moundstone lithofacies, and
these are noted later. Because of these di fferences,

the most complex assemblage, that of the Red Moundstone
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TABLE V. Role of orgal
a

ORGAMISM-NICHE SELATIONSHIP

Sessile epi

echinoderms

brachiopods

Vagile epifauna
trilebites .
hyolithids

Salterells

b 1
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TROPNIG  GROUF

high=-level' filter *
suspension Feeders

low-level filter
suspension feeders

deposit feeders
deposit feeders

deposit feeder

k]

[




Trilobites
RECUPERATORS SEDIMENT Hyoclithids
B FEEDERS Salterella

DETRITUS

CONSUMERS WATER COLUMN Echinoderms
- FEEDERS Brachiopods
INPUT WATER-FLOW Nutrients

oxygen
Waste removal

Fig.55: Trophic structure of the calcarenite assemblage.
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lithofacies (BR-1))}, is described herc.

In relation to the substrate, the mound-organisms
can he divided into; sessile epifauna, mobile epifauna,
and endoliths (see Table V1). /. r!i\ris:;n'.\ of the sessile
epifauna can be made into organisms which probably acted

as sediment bafflers and organisms which acted ag

sedimont trappers .and binders (Table V1). A more
complex trophic structure is represented in the mound
where primary producers, consumers, and recuperators
are well-represented (Fig.56).

The main difference between the mound and calearcnite
assemblages are two-fold: (1) the presence of different
kinds of high-level suspension feeders; [2) the presence
of calcarcous algae in the mound.

The mound assemblage is dominated by archasccyathids
and calcarecus algae (renaleid algae, Epiphyton, and
Girvanella) with less common brachiopods, coelenterate,
trilobites, hyolithids, and sponges. The archacocyathids
are of very low diversity with only three specics
represented (Metaldetes profundus, Archaeccyathus

atlanticus, and Retilamina amourensis) (Debrenne and James

in prep.). The erect growth form of archatocyathids may
have served as sediment bafflers along with rare sponges,
the coelenterate and possibly brachiopods. #Although cal-
careous algae is most common in cavities, it also grew

in clusps in the sediment and encrusted onto and within

the archasocyathid skeletons where it probably trapped




ORGANISM-NICHE RELATIONSHIP

(1)

12

TABLE VI.

assemblage.

5 ile epifauna

Possible sediment bafflers

archaeccyathids
coelenterates
brachiopods

sSnonges
Sediment trappers and binders

calcareous algae (outside
of cavities)

Renalcis
renalcld algae
Girvanella
Epiphyten
non-skeletal stromatolites
Vagile epifauna
Hyelithids
?trilobites
Infauna
trilobites

Endoliths

Trypanites

. - 164 =

Role of organisms in the mound

TROPHIC GROUP

high=-level suspension
feeders

?low/high-level
suspension feeders

low=level filter
suspension feeders

suspension feeders

autotroohs

autotrophs

denosit feeders

deposit feeders -

deoosit feeders




SEDIMENT Hyolithids

RECUPERATORS FEEDERS _ Trilobites

DETRITUS .
\ Archacocy

athids
?Coelenterate

CONSUMERS WATER COLUMN Brachiopods
FEEDERS Sponges
-
PRIMARY Calcareous Algae
FRODUCERS AUTOTROPHS  Non-skeletal Stromatolites
/ Nutrients
INPUT LIGHT WATER-FLOW Oxyden

Waste removal

.
Fig. 56: Trophic structure of the mound assemblage.
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and bound scdiment. Semi-sessile hyolithids and Lurrowing
trilobites (cf. Bonnia)l may have been deposit feeders.
Macroborers also played a rf_.ne in the mound. The form
Trypanites, interpreted as a sipunculid worm (James et

+» 1977, is relatively common in mc of the mounds

but as it is the only macroborer in the rocks, and

because of its relatively small size, the destruction
of r.h{.; mounds is nowhere near as great as in that of
endolithic organisms in modern reefs (James1970; Scoffin
and Garrett, 197 Bronley, 1978).
The trophic stfucture of the mound, although more

complex than the calcarenite assemblage is still

latively simple (Fig.56). Calcareous algac and non=-
skeletal stromatolites acted as pripary producers
(autotrophs) supplying nutrients for the nartitioncd
suspension feeders (consumers). Archaeocyathids,
sponges, and some coclenterates were high-level susnpension
feeders while brachipeds, smaller coelenterates, and
possibly sipunculids [Trypanites) were low-level suspension
feeders. Both autotrophs and consumers contributed
nutrients to the sediment and in turn to the deposit
feeders, trilobites, and hyolithids. No sredators are
recorded.

Coelobitic {cavity dwelling) assemblage

The dome-shaped nature of Retilamina amourensis forms

a natural, although small (several centimetres high and
wide) cavity which supports a relatively diverse coelobitic




assemblage, of similar structure to the cavity-dwelling

assemblages found in the 'patch-recf' series (Kobluk
and James, in prep.). Two subslrate—r;iche relationships
are recognised: (1) Organisms which attach themselves
to the roof of the cavity; (2) Organisms which are
found in the internal sediment (see Table V11).

Those organisms which are attached to the roof of

the cavities include renmalcid alyae and rarelv Epiphyt

which grew in pendants resembling bunches of grapes.

.Girvanclla cccasionally encrusted directly onto the

rocf. Single-chambered and _mnlti—chmnbcrnd {ef.
Wetheredella) Foraminifera either atg{ached themselves
directly onto the roof or were attached within clusters
of calcarcous algae.  Encrusting archacocyathids
tMeLalde.u-.s sp.) were also either attached directly onto
the roof (Fig.57) or within clusters of ca leareous algae.
The enigratic forms Archaeotrypa and Bija were encrusted
directly onto the cavity roof (Fig.53). Both forms are
characterized by an irregular cellular structure of
tightly-packed round'ed—polyqonal cells, differing in that
Archacotrypa was larger, has more regular walls, and a
skeleton that has always been leached and filled with
cement (Fig.58). Bija is considered either a coelent-
erate oran alga (Johnson, 1966). Archaeotrypa is also

of doubtful a[finities. considered elither a hrycxom, or

coclenterate (see discuss].cm in Kobluk and James, in prep.}.

Organisms inhabiting the internal sediment of the

cavities included small (cne mm), highly convex, non-
@
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TABLE VII. Role of organisms in the coelobite (cavity
dwelling) assemblage.

ORGANISM-NICHE RELATIONSHIP TROPHIC GROUP
Attached (cavity roof encrusters)
Calcarecus algae autotrophs
Renalcis )
renalcid algae
irvanella
hyton
Bija Eii algal .
foraminifera suspension feeders
.!n:lmnoc;-athxds suspension feeders
Archaectrypa suspension feeder
Sediment dwellers N
trilobites (infaunal) 'dcnaait feeders
tworms (infaunall 'deposit feaders
sponges (eplfaunal) B suspension feeders




Fig.57:

Fig.58:

Photomicrograph (plane light) of Retilamina
(arrowed) forming cavity. Encrusting archaeo-

cyathid (G) and renalcid algae (A) are attached
to the underside of Retilamina (the cavity roof)
Scale bar is 3 mm.

vy

Photomicrograph (plane light) of an archaeo-
cyathid forming a cavity. Renalcid algae and

a leached (now spar) skeleton of Archaeotrvpa
(arrowed) encrust the underside of the archaeo-
cyathid. Non-skeletal ?stromatolitic sediment
(S) occurs on the top side of the archaeo-
cyathid.

Scale bar is 4 mm.
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spinose ‘trilobiles {see Autccology:
were probably burrowers. They eccur only in the

larger cavities. Sponge spicules (monaxon and triaxan)

occur sporadically in the interr al sediment and s;'gon\-,

may have inhabited the cavity. In cavities that are

large enough, the internal secdiment of

contains small,
o . .

cylindrical burrows, attributed, in the lower patch=
reef series, to worms (Kobluk and James, in pren.).

The trophic structure of the coclobite assemblage

ig relatively complex (Fig.5%), As primacy producers
fcalcareous algae) form the bulk of the biovelume, then
light must have been able to penetrate into the cavities.

Organisms depondent on the water column (sus sion

feeders] include Foraminifera, archacocyathids,
sponges, Archacotrypa, and possibly Bija, and rheir
presence implies that there was a constant exchange of
water in and out of the cavity, bringing in nutrients and

oxygen and removing waste. The trilobites and worms

act as recuperators, either as ascavengers or deposit feeders.

Vertical zonation in mounds

It has been established that more ©F less orderly
changes occur in a community through bime, thus causing
a succession of communities preserved in the fossil
record as a verticalfzonation (Walker and Alberstadt,
1975). Such vertigal zonations are documented from
reefs from the Ordpvician to Cretaceous (Nicol, 1962;
nlberstadt and Walker, 1973; Alberstadt, Walker and

surawski, 1974; Kauffmann, 1974; Walker and Alberstadt,
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RECUPERATORS

CONSUMERS

PRIMARY

FRODUCERS

INPUT

Fig. 59:

SEDIMENT Worms
//M' it

. DETRITUS

WATER COLUMN
FEEDERS

Archaeocyathids
Foraminifera

Archaeotrypa
Sponges

AUTOTROPHE - Calcarecus hlgae
/ Nutrients
B Oxygen #
LIGHT WATER-FLOW  yaste removal

Trophic structure of the coelobite (cavity dwelling)
assemblage,




1975) . Walker and Alberstagt (1975%) recognise four

stages of development, each characteri z,a‘:d by its own
community, in the development of yertical zonations in
ancient reefs. These stages arc: (1) Stabi Ili zation
{pioncer) stage: This involves the SLJL‘;JIZJL_]HH c;f the
substrnte,‘ usually by the growth of echincderms. and the

accumulation of their debris; (2) Colonization st:

This involves the initial colenization of the substrate

by reef=building organisms, normally by brane

encrusting organisme. This stage is normally of short
duration, (3} Diversification stage: The increaso in

niche space brought about by the colenization =

ange
leads to a rapid diversification, usual‘l_\' at high taxon-
omic levels, but is sometires restricted within one
major taxon., This stage comprises the bulk of the reef.

(4) Domination stdge: The final stage involves g

decrease in both the number of taxa and in the growth-
habits, often with the encrusting growth-habit dominating
to the exclusion of others. Walker and Alberstadt (1975)
claim ®hat the first three stages; stabilization,
colonization, and diversification are duc to intrinsic
factors, so tlu.al_ the succession is biolegically accommodated.
The fourth stage, domination, may be duc to cxtrinsic ’
factors, therefore physically induced and wae maybol caused
by the reef growing into the surf-zone.

The mounds of the Biostrome Il?ar:ies sometimes show

a distinct vertical zonation, correlatable with the
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stabilization, colonization and diversification staaes:

of Walker and Alberstadt (19753), but never show a

domination stage. ‘This may suggest that the Lower

one al

hough

Cambrian mounds never grew into the surf-
»

sedimentoleogical evidence possibly suggesis othempise.

The vertical zonation in the Biostrome Facies is
best termed as a "recolonization process leading to
diversificatien”, and is best displayed at the base of

the Ped Moundstone (BR=1) at Fox Cove and at ©

rey
Reef. In all cases the succession appcars to be the same
(Fig.60); a development of moundstone is brought tp ag

end by an influx of skeletal ealecarenite which occufs

as a thin (less than 20 cm) bed, sometimes

erosive base suggesting an allochthonous source (p
a storm=deposit). The calcarenite consists predominantly

of echinoderm debris with trilobites, brachiopods, and

hyolithids, - This is a similar lithology as would be
produced by the stabilization community of Walker and
Alberseadt (1975). This thin calcarenite bed is then
succeeded by an assemblage ddminated by fctilomina (Figs.
60 and 61) with minor occurrences of the coclenterate and
stick-form archaeocyathids [(Archaescyathus atlanticusl.
Associated with the Retflamina is the coelobitic '

assemblage described above. All of the organisms in this
assemblage nccn.;r in a lime=mud matrix, the mud nrobably -
being trapped by the closely packed Retilamina and

ace lknterate fronds along with, in pi,-m\x&l calcareous

algae. This colonization ’cn\hlaae is.relatively thin
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Fig.60;

Cliff-section exposure of vertical zonation
of the Red Mound Unit at Osprey Reef. Red
Moundstone (BR, bottom) is terminated by a
sheet of skeletal calcarenite (K). This is
overlain by the pioneer community (N) con-
sisting of mainly Retilamina and calcareous
algae in a mudstone matrix. This passes
vertically into Red Moundstone (BR, top).
Scale is 25 cm long.
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Fig.61:

Bedding-plane exposure of the pioneer comm-
unity of the Red Moundstone lithofacies

(BR-1) at Fox Cove. Thin lines (arrowed)

are Retilamina skeletons. Darker areas

are calcareous algae; Lighter area is
lime mud matrix.

Scale bar is in centimetres.
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tless than

I em) and grades verti

ally

what can be termed the diversific

=N ’ V4

fon stag

which in the case of Red Moundstone con

Metaldetes profundus [(cone-form and sti

istick=-forn

atlantic

(retilaminifo

with the coclenterate, sponge wreous albae, i

and

brachiopods, trilobites hyolithids, plus the

toelobitlie as

emblage. This

iversification as

s cmk

forms the bu

of the mounds, as it does in the cases -

dominatic

cited by Walker and Alberstadt (157

in the

stage 'is secrn rocks, instead the Red Moundstone

vertically intc Nodular Moundstons (BN-1) wh

*h

consists

fewer archaeocyathids and a greatly redue

This i

subsidiary fauna (see Table IV stroated as oan
allogenic phase as there is an obvieus change in the

style of sedimentation (inte nodular limestoncs and

shales wi

1 calearenites)  and is not nsidered as

of the vertical zonation.

the calcarenite at the

hs

the base of

zion

is probably allochthonous in origin it can hardly be used

as the stabiliz

on assemblage of Walker

._md Alberstadt (1975). The calcarenite is not vart of a

biolegical succession, indeed its chief function was to

terminate the development of the underlying moundstone

as indicated by its erosive base in pla

impossible to ascertain whether or not the calearenite

was still mobile when colonized by the K na assemblage.
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Tf the calvarenite was still mobile then the Ret

assemblage must have served the dual purpose of
stabilization and colonization., If cn the other hand

the calcarenite was stable at tne time

f colon ition,
then the Rotilam na assenblage mus ized a
stabilized, allochthonous substrate, is the

case with any bf

wtionfeolonization

the other stabili

svccessions previously described, then the terminoleqgy

of Walker and Alberstadt {1975} for this process neods

slight modification or qualification.

Wariation in fauwna/flora between lithofacies

The main differences in the diversity of organisms

between lithofacfgs appears to depend on the nros
P r

or absence of Retilamina, It is totally abs

both the Dolomitic Moundstone (BD-1) and rare in the
‘..-J;Qd.ulnr Moundstone (BN-1), hence, none of the coclobitic

organisms associated with Retilamina are prosent in these

lithefacies. In addition, ca'careous algae are completely
absent from ocutside eavities in the Dolomitic and Nodular
Houndstones.

Apart from the presence and absence of retilamini-
form archacocyathids and calcareous algae, and the
variation in archacocyathid morphology (sce Autecology:

archaeccyathids), there is lit difference in the

structure of the mounds in terms of organisms (sce

Table 1V).
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As regards diversity and anun-danf?c of organisms,

it would appear that the Red Moundstone (BR-1) .
represented the optimum conditions for mound development
s - .

with every organism present except Salterella.




SUMMARY "AND CONCLUSIONS

This study concentrated on a 15-20 m thick archaeocyathid- *
'bearing biostrome complex in the Lower Cambrian Forteau Forma-
tion of southern Labrader. The Forteau Formation marks the

first occurrence of carbonate in the development of the Lower

Paleozoic stable continental margin, later destroyed by west=

ward transpePted ophiolite complexes. The Forteau Formation
overlies the sandstones of. the Bradore Formgtion which rest
unconformably on Precambrian basement. Two archacocyathid
horizons occur in the Forteau Formation: a “’"“ﬁ ‘patch reef
series', and an upper 'biostrome complex.' The p':_lrpnso of
this study was to document the facies distribution, strati-
graphy, sedimentology, diagenesis, od palesecology of the
biostrome complex.

Reconnaissance mapping a‘nr! subsegquent detailed analysis
of eight selected areas revealed that the biostrome complex
of the Forteau Formation can be divided into twe laterally
distinct facies; the Oolite Sand Facies, and the Biostrome
Facies. Stratigraphical and sedimentological evidence
suggests that the Biostrome Facies wag d!‘pflsi ted scaward of
the Oolite Sand Facies with the palecslope Ll\i-.'ldjmp to the
south or south-east. The contact between the twd facies is
highly lrreqular and indicates that there were salients

-
and recesses in the Oclite Sand Facies with the Biostrome
Facies cccupying shallow swales in the recesses. Lateral
shifting of facies is partly responsible for the complex

lithofacies mosaic which makes any palecenvironeental
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reconstruction a simplification of the true paleogeography.

L] .
The' Oolite Sand Facies consists of seven lithologies;

skeletal qr?ms'mnc, oolitic grainstone, mixed ooclitic
grainstone, mixed peloid packestone, mixed oncolitic graln-

stone; intraclast qrainstone, and dolostone and dolomitic

‘siltstone. These lithologies can be attributed to an

origin within an col'ite shoal complex comparable with
modern day environments (Persian Gulf, Bahamas) The

active colite shoal consisted of cross-bedded colitic grain-

riter-tidal or shallow

stones which formed in a_high=-energy,
sub-tidal environment. Mixed oncoliticgrainstones

ace

mulated in stable sand channels between sheoals. Supra-
tidal dolomite developed on subaerially exposed arcas on
l:opI of shoals. Delomitic siltstones and intraclast grain-
stone are interpreted as storm deposits in a usually
subaeriakl em‘.llrc:n.-ent_ on top of the shoals. GSkeletal
grainstones occurred in a well-aerated, shallow subtidal
environment seaward of the active shoal. Ooids from the
active shoal were transported into quieter .arc\:ag behind
the shoal and accumulated as shoal spillover forming mixed
colitic grainstones adjacent to the shoal with mixed peloid
p‘;ckcstuncs further away. :

The Biostrome Facies was deposited seaward of the
Oolite Sand Facies ﬂru:! consists of five distinct units;
Dolomite Mound Unit (BD), Red Mcund Unit (BR), Nodular
Mound Unit (BN), Oolite Bicherm Unit (BB), and Grey Mound

Unit (BG). For the most part, the five units consist of
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two laterally couivalent lithofacies; moundstone and

skeletal falearenite. Moundstone is a now, non-gonetic
rock=type defined as an autochthonous asscmblage of
skeletons and matrix sediment ,commonly :'.u<|i(‘|li',' of_
uncertain origin, which occurs as mounds or bicherms.

In the rocks under study the skeletal componcnis of the

moundstone lithofacies are: common archasecydthids, les

arcunts of brachipods, trilobites, and b

ithie

Calcarecus alqgac are Yometimes very common. The m

idstones
form mounds, biostromes or bicherms of considerable lateral

extent (tens of metres) but which had sea-floor relief of -

y 1 or 2 metres., The mounds are flanked by the second

major® lithofacies; skcletal rpalcarerite, which drap

. of f the mound at angles of up to 15 degrees.  The ¢a

wenite
is essentially a skeletal packestone consisting mostly of .
echinoderm plates which show no siqns of wear, wnbroken,

disarticulated brachicpod valves, with lesscr amounts of

trilobites and hyolithids. This fauna indicates a

shallow, low-encrgy, sub-tidal environment.

The skeletal

calcarenite does not vary between the five units, but five

different moundstone lithofacies are recogn 1 which can

~ ." be interpret®d as forming in differont convif®ronments.

Dolomitic Moundstone (BD-1) and Nodular Moundstone

(BN-1} are both flanked by skeletal calcarenites and are

deveid of calcareous algae. They formedé low, but extensive
(tens of metres) mounds or biostromesin redatively deep

water. They were deposited seaward of the Red Moundstone




lithofacies (BR-1) which formed smaller mounds in shallow
water, flanked by Skeletal Calcarenites (BR-2) and in
lateral contact with the active colite shoal. This well-
aerated, moderately high-energy environment supported a
fauna and flora of high diversity. Sediments of the Grey
Mound Unit (BG) and Oolite Bicherm Unit (BB) accumulated
on protected, low energy swales between oolite shoals.
For the most pnrr: the Grey Houndstnno.lirhaiacics {BG=1)
formed. low but extensive (tens of metres) mounds, flanked
by skeletal calcarenite (BG-2), deposited on a shallow
swale in a relatively quiet-water environment in lateral

contact with the oolite shoal spillover. Stromatolites,

interbedded within the unit suggest ¢ at times, the

Grey Mound Unit was deposited in an inter-tidal environment.
Small (less than 10 m) Archaeccyathid Bicherms (BB-2)

are internally similar to the Red Moundstone lithofacies
(BR-1) but form discrete bicherms flanked by 'guiet-water® Fl
Oolitic Calcarenites (BE-1). These lithofacies were also
deposited on shallow swales, but probably in a protected
environment aéjacent to an active colite shoal.

The diagenesis of the moundstones versus calcarenites
was documented and discussed in terms of process, tanrlq‘
an% history. Sewveral processes have modified the original
deposn_\on.m texture. These include bioercsicn, dissclution
and cementation, neomorphism, dolomitization, silicification,
pressure solution (stylolitization), and fracturing. These

processes are attributed to several diagenetic environments
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incl ﬂnq; subm. ne, a zone of mixing between meteoric

phreatic and marine phreatic waters, vadose, phreatic,

and a late, unspecified envircnment.

The two most import ant processes operating in the
submarine cnvironment were bxoc:osw‘m and early cementation.
Binerosion was not extensive and consists of microborings
(forming micritic envelopes and peloids, etc.) in
calcarenites, and macroborings (ichnogenus, Trypanites})

in some of the moundstones. Early submarine cementation,
in the form of lithification of micrite in moundstone,

and cloudy fibrous rim-cement which is facies specific
{occurrine only in the moundstones and not in the flanking *

calearenites) is common. A radifl fibrous/bladed rim-

cement, wh v ococurs in ocolitic grainstones, may also be of

submarine origin. *

Selective, early dolomitization of muds (now dolomite
pods within the Dolemitic Moundstone lithofacies) and of
bioturbation features in calcarenites occurred Euv to initial
sediment heterogeneity in a zone of mixipg between meteoric
phreatic and marine phreatic waters.

Minor dissolution of aragonitic shells and considerable
rim-cementation, including extensive syntaxial cements on

echinoderm plat

occurred in the vadose diagenetic
environment.

Diagenetic processes in the phreatic environment
include fracturing, dissolution, cementation, necmorphism,and

pressure solution (stylelitization). Calcium




carbonate released during extensive stylolitizétion was
the :10|jIC£! of iren-rich cement which cccluded pores

and filled fractures. A trAnsitiona] neomorphic fabric,
micrite-microspar-pseudospar, is interpreted to be the
result of two events, or pulses of wet boundary migratjeon
of a splution film.

Late diagenetic events include; extensive dolomitization

which often obscures earlier dolomite fabrics, rare

silicification, and rare stylolitization.

certain aspects of the palececology of the Bi
Facics were investigated using field and laboratory
. = s '

technigue The autecology of archaeocyathids, calcarecus

algae, stromatolites, a new, primitive ‘coelenterate’,

tr and

brachiopods, shites, hyolithids, echinoderms,

agmata tsa#lterdlla) is reviewed and discussed as to the \
role of the organism in the biostrome. The synecology

of three distinet faunal/floral assemblages are documented

using trophic grouping and the function of the® organism
in the assemblage to describe the structure of the assemblage.

The mound

flanking "skeletal calcarcnite assemblage”

has a very simple structure dominated by
{echincderms and brachiopods) with minor
deposit feeders (trilobites, hyolithids,

The "mound dwelling assemblage” has

- 184 -

suspension feeders
occurrefices of
and Salterellal.

a more complex

structure consistimg of; primary producers (calcareous
algae and non-skeletal stromatolites), dominated by suspensicn

feeders (particularly archaeocyathids with lesser ncv{{fences




of 'coclenterate', brachiopods,
less significant occurrences of deposit fecders

{trilobites and hyolithids).

coelobite (cavity dwelling)

in cavitics within the moundstene. The

formed by the dom

and -rare sponges) ,

aggemb:lage™

cavities

with

oCours

are mostly

amoure,

:~shaped agchacocyathid Retilamin

5is which may also vontribute to the structure of

the assemblage.

A diverse biota either cncrusts

the

cavity roof, or occurs on, or within intermal

Primary producers (calcareous algae; including

edimont.

Bija, if

an algac)

dominate the biota and occur as encrusters.
v

fon f{eders (Foraminifera, encrusting archaecocyathids,

are common as are deposit feoders

.

Archacotrypa, 4 Onges)

(trilobites and worms) which occur on or within internal

sediment
-

Vertical zonation occurs in the Red Moundstone

.
lithofacies (BR-1) and is _bl:*s‘t defined

olonization

process leading to diversification®.
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APPENDICES
INTRODUCTION

Appendices A to H document the vertical successions
and lateral relationships of the arcas studied in detail
(see CH. I1). The areas are documented in geographical
order from west to east (Fig. B), and the facies to which
they belong are noted in the heading., Stratigraphic
sections are included (where possible) for each area. The
symbols used are the same for each section and a key is
given in Figures 62 and 6). The sections are discussed
in Chapter III of the text.

Appendix 1 is a detailed account of the history of
archaeocyathid research and the present world distribution
of archaeccvathids and associated reefs.
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APPERDIX A

Bl

we_Sablon (Biostrome Facies)

This outcrop is located 3.5 km north of Olane Sablon
(Fig. 8) where It forms a conspicuous ture
rising to a height of 461 ft, (150 m) above a flat tract
of land consisti me y of lowermost Forteau Formation.
This butte is the western-mc outcrop studie Outcrop
is restricted, how r, tot south side of the hill and
to the very top where exposures of moundstone form twin
raks, scperated by recessive weathering calecarenite In
all, approximately 7.0 m of continucus vertical CXDOSUre
can ¥ regarded as Biostrome Faci Lateral exposure
is relatviely poor, extending for not nere than 20.0 m
along any ene horizon,

At the base of the Biostrome Pacies siltstone is
transitional and laterally equivalent to eletal
calcarenite (Fig. 64). About 0.50 m higher in the
seguence, part of this calecarenite is replaced by archaeo-
cyathid moundstone while the part of the calcarenite adjacent
to the siltstone persists.

The siltstone lithofacies is 1.4% m thick, is slightly
caleares and contains an abundant with vertical
burrows and numerous horizontal tra trails, The
iltstone is laminated throughout and often r:pBlc-markcd. .
Asymmetrical ripple-marks are aligned aleng ")Eg and indicate
4 current direction toward the north-west [295Y),
Asymmetrical interference ripples occur with a wavelength
for the major ripples of 9.5 ¢m and an amolitude of 1.2 com,
These major ripples trend 310" while the minor ripples
trend 0277, This siltstone is identical to, and can be
reqarded as a continvation of, the oven-shelf facies of
the Lower Forteau Formation,

The siltstone passes laterally and is transitional into
skeletal calcarenite (BG-3) which is often very coarse=grained,
especially close to the moundstone contact where archacocyathid
fragements are cormon. The majority of the skeletal debris
is echinoderm, but convex-up, disarticulated, inarticulate
brachiopod shells, often leached, are also common. This
calcarenite, best described as a truncated wedge, has a
maximum thickness of 0,82 m and a lateral extent of 1.60 m.
The contact with the moundstene is not well exposed but is
interdigitatory. Tgc calcarenite drapes of f the moundstone
at angles up to 15, Minor cress-bedding, always dioping
away from the moundstone, occurs in the draping calcarenites.
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TPateh Mest Prsien”

Beedern Tondrinas

* Fig. 64: Stratigraphic section in the Biostrome Facies
at Blanc Sablen.




Diffuse r at the very top of the calcarenite.

Laterally equivalent Grey Moundstone lithofacies (BG-1)
lies directly on the galcarenite. 0Of the archeocythids,
stick-forms dominate over nmarrow, thick-walled cones
by a ratic of 2:1-3:1, Calcareous algac is abundant.

The maximum thickness of the unit is 3.1 m, and within

this unit, the density of archaeocyathids differs greatly.
Archacocyathids increase in density from the base towasds
the middle of the unit and become rare towards the top
where only the occassional "colony” of stick-forms

(Archaeo hus) is present along with abundant, small,
digitate, skeletal stromatolities (SH-V type of Logan
et al., 1964). TInarticulhte brachiopods are presont where
archacocyathids oc r. Stylolites are present but not
as abundant as in other units.

The moundstone scguence is laterally persistent except
for a "channel=like” body of calcarenite. This body is
7.60 m wide and 1.60 m thick with a horizontal top and
a convex base and thins latdrally both ways from a maximum
Sl thickness in the centre. THe calcarenite is graded, from
a very coarse skeletal grainstone at the base upwards into
packestone and wackestone, and into skeletal siltstone at
the top where laminations and minor cross-bedding occur.
The base and sides of the unit in contact with moundstone
is covered.

conformably overlying the Grey Mound Unit but with

a distinct contact are rocks of the Red Moundstone lithe-
facies (BE-1). This bed is laterally persistant, averages
1.30 m thick, and has a stylonodular appearance. Small
lenses of calcarenité cccur within the moundstone. Upright
archaeccyathids are abundant with stick forms (Archaeccyathus)
and thinner-welled, low-angle cones (Metaldetas) being
present in egual amounts. Retilamina, ass clated with

- calcareous algae is common and Lnarticulate brachiopods
are present throughout. Echincderm debris is also common
throughout the lithofacies.

Overlying the Red Moundstone lithofacies is the Grey
Mound Unit again with a thickness of 1.90 m. The unit
begins with a thin (.08 m] mudstone layer which grades
upward into a very stylolitized mudstone (0.10 m thick),
almost stylolaminated, with well defined clay stylocumulates.
The bulk of the unit consists of grey algal/archaeccyathid
moundstone, Thin-walled, low-angle cones (Metaldetes) are

the most common, out-numbering, Archaeccyathus but
Retilamina is also common. The cones Eecome slightly




larger toward the top. Calcareous als is abundant.
The undstone forms the two peaks at the top of the hill,
separated by a tabular lens of skeletal cal enite which
extenda for 40-50 m. Contacts between mou one and

calcarenite are straight but interdigitatory. A thicker
unit of calcarenite (1,60 m} is partially exposed to the
south-west of the maln summit. No draping occurs in the
calcarenites,




AP

NDIX B

Diversion kKeef (Oolite Sand Facies and Biostrome Facies transition)

This section in the Oolite facies is rly exposod
along a track over a distance of some 8 kms, uated
approximately 4 kms to the north of L'Ansc-au-Clair (Pig.8).
Because of the u lating nature of the topography in this
area, no continuous wvertical section can be measured but
an approximate composite cross-section, co sting of §
vertical sections can be compiled (Fig.6%),

The transition from the Biostrome Facies to the Dolite
Sand Facies is not as sharply delincated as at osprey
Reef [Appondix C) but occurs gradually. Skeletal calearenites
{grainstones) of the Oolite Sand Facies consisting
predominantly of Salterella cones, echinoderm plates,
trilobite debris, and inarticulate brachiepeds, both over-
lie and are in lateral contact with the Grey Mound Unit
(BG) of vhe Biostrome Facies. The Oolite Sand Facies
replaces the Biostrome Facies northwards (sectien a, b, o
Fig.65).

Section © (Fi9.65) begins with a small outcrop of

the archacocyathidrich Grey Moundstone lithofacies (Bh=1)
followed by a covered interval of 1,58 m. The next exposure
consists of Salterella-rich skeletal grainstone (2.22 m)
which passes upwards into 0.23 m of burrowed, oolitic,

@letal grainstone. The burrows are dolomitized and the
skeletal fraction consists of abundant Salt lla cones
and echinodermplates along with trilebites and inarticulate
brachiopods. A covered interval of 0.44 m is succeeded
by a light-to dark=-grey, burrowed (dolomitized), skeletal
grainstone with abundant Salterella and echinoderm plates
along with minor ameunts of triloblte debris, hyolithids,
silt-grade quartz, oolds, and ceated (Girvanella) grains.
The thickness of this unit is 0.93 m. Another covered
interval (1.65 m) is followed by 1.3 m of burrowed,
oncolitic, skeletal grainstone. The oncolites, consisting
of Girvanella tubules, have a maximum size of 3 em and
OCCUr with minor amounts of silt-grade cuartz, peloids,
apd coids. The skeletal fraction (40% of total rock-volume)
consists of Salterella cones, hyolithids, echinederm plates,
and trilobites,

Section d (Fig.65) commences with shales and calcarecus
silts rich in trace-fossils, characteristic of the lower
part of the Forteau Formation open-shelf facies (James
and kKobluk, 1978), and is apparently laterally equivalent
to the Biostrome Facies exposed to the south (secticn c,
Fig.63). This implies that the lower part of the Forteau
Formation is much thicker to the north and consequently

- 208 -




“jaay UOTSIAAT] 3IT UOTITSURIY
33700 - Sa10PJ JWOIISOTE 9Y3 ul SUOT3ISas atyderhrs

SaTIRg pues

L]
e
" ~tOCa
PO = SSS== :
5 £ o_,
s | s ane H m
u-ﬂ” o .0\ ]
N = —— H”l "E
uoo“%I».Hr;lu.H Mn T .
= oveafE . [2338 Noisy3nig] *
Y

®AI3%4 0WE 30100 S13% M0N0




wd I'acies must thin northward The base
Oolite Sand Facies is taken he a l.6m
wsure of calcarecus siltstone with numerous tracks,
and burrows, which cvonformably overlies the

e is taken as the base of the
Oolite Sand Facies as it is often secn as the basal
member of the Blostrome Facies elsewhere [Blanc Sablon,
L'Anse Amour, and Fox Covel. A covered interval of
1,78 m is followed by 3.82 m of burrowed, skeletal qrain=-
stones consisting of Salterella cones and echinoderm
plates with subordinate elements of hyolithids and
trilobites. These are the highest beds seen.

the

of

ite

shales. This lithoty

The northermost section cutcrops in a small cliff
{3.27 m} and is equivalent in part to the top of the
covered unit and base of the skeletal grainstone in .
section d (see section e, Fig.€5%). The basal lithology
(0.90 m) is burrowed dolomitic siltstone with a minor
skeletal fraction (less than 10%) of echinoderm plates,
trilobites, and rare Salterella cones. This is overlain
by 0.77 m of ocolitic grainstone containing less than 15%
echinoderm plates and Salterella cones, plus a minor silt
fraction. The ooids are dglomitized. The sequence
terminates with 1.6 m of blrrowed skele
again, dominated by echinoderm plates,

trilobites, and minor occurrences of silt an
grains.




Osprey Recf [Uolite Sand Faci

APPENDIX C

tes kransition)

and Niostrome F.

tuated approximately 4 km to the
au-Clair (pos -8) where the
Imost continually in ¢ ateral section
"BOO m. The bic romal complex of the Forteau
here faulted against the lower patoh=rg
series of n Forteau Formation. This is an importa
sectien because it demonstraces the lateral relatd
betwee the two major facies; the Biostrome Facies
and the Oolite Sand Facies (Figs. 66 and 73).

outerop is
f L'An

rocks are
extending fo
Formation

The Biostrome Faci here is essentially a complex
of two digtinet lithofacies; Red Moundstone (BR-1) and
Skeletal Calearenite (AR=2) which are exposed in outcrop
at the ratio of 2:3, respectively, ateral and vertical
changes in lithofacies are extremely ravid, occurrineg bver
a few metres., The macro-relationshiy are shown diagram-
atically in Fig.73 (in pocket), compiled from a photo-mosaic
and field sketches, Field observations were restricted
due to the inace ibility of much of the exposure. The
section is described from south-west to north-east.

To the south-west (section a on Figs., 66 and 73),
the section is predominantly a very coarsc=grained skeletal
calcarenite with a thinly-bedded gainstone with a matrix
of archacocyathids brathiopods, trilobites, and echinoderm,
debris. Vertically, the calcarenite becomes more massively
bedded but still retains its coarse-grained character.
At 6.15 m'from the base of the section is a thin (9 cm)
band of clacareous siltstone with symmetrical ripple marks.
This siltstone is in turn overlain by coarse-arained
skeletal calcarenite. The total exposed sequence is
B.0 m thick.

Further to the north-east (section R), skeletal
calcarenite both overlies and passes laterally into Red
Moungstone (BR-1}. The skeletal calcarenite is interrupted
again by another, laterally impersistent calcareous silt
bed about 1.0 m wide and 8 cm thick at the maximum, tapering
both ways to the stylocumulate of a stylolite. The silt-
stone contains asymmetrical ripples with a wavelength of
50 mm and amplitude of & mm.

The sequence at section 3 is dominated by the typical
Red Moundstone lithofacies. Archaeocyathids are very
abundant with low-angle cones [Metaldetes) cutnumbering
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sticks by 2:1; Re

s is common, as
are br: moundstone has ylonodular .
appearanc to intense styloliti ben, mtact with
the Seruu.gxng r41¢aren6l0 is both strai and sharp,
draping (19" towards 140°), and interdigitatory. Small
rarcnite, averaging &0 om x 7 om [maximum

m, occur within the moundstone but make up
less than 104 of the lithofacie

Laterally equivalent to the moundstone is a thick
{3 m) scquence of homogenous skeletal caleareonite (s
5} which extends laterally for about 21 m before a con
with moundstone (section &). The contact between the
moundstone and calcarenite is straight hbut interdigitatory.
Within the moundstone are thin (up to 20 em), persistont
(10.0 m) sheets of calcarcnite. Wherever
occur, the overlying moundstone is "recoloni sod™ L a thin
(25 cm bed with numerous retilaminiform (Retilamina)
archaeacya in a grey to green to red mudstone matrix
with characteristic pendent calcarebus algae qrowing on
the underside of each archacecyathid. Retilamina skeletons
are all orientated convex-up, rarely touch each other,
but occur in profusion stacked cleosc Lo each ather, Coarsely
crystalline cement (pink) fille in the cavity between the
calecareous algae whi grows on the underside of Hetilamina
and internal sediment, Other fauna associated wit T
rare, although stick-form archacocyathids
[Archaeocyathus) occassionally occur. A F. d transition
occurs vertically into the normal Red Moundstone where
cones (M d,

ion
ract

1ldetes) and sticks (Archaeocyathus) are at £
and Retilamina subordinate

The same “"recolonization” process is seen again (section
7) on top of an erosive channel of skeletal calcarenite
This channel has a horizontal upper surface but a very
irregular bottom surface with relief varying by ag much as
10 em. Consequently the thickness of the body varies
between 2% em and 35 om. It is overlain by the retilamini-
form moundstone assemblage followed by typical Red Moundstone.

To the north-cast of section 7, two normal faults
of small displacement ogtur and outcrop becomes sparse
Rocks of the same unit, 'however, are picked up again
{section B) where Red Moundstone and skeletal calcarenite
are seen laterally juxtaposed in small exposures.

One small exposure (section 9) represents the last
time that the Red Moundstone is seen along this section,
the remainder of the outcrop is formed of rocks of the Oolite




Sand Facie: The outerop consists of both Red Moundstone
and colitic gqrainstone which are seen to grade on to the'
other. The Red Moundstone consists of threc times as
many stick=forms as cones and retilaminiforms :
considerable number of the cups are toppled.
seen in abundance in the moundstone matrix whi
contains a lot of skeletal debris. A lot of
debri incleding archaeocyathid cups, also occurs in the
adjacent oolitic grainstone, which along with skeletal
calcarenites, makes up the remainder of the section,to
the north-east,

Two small sections wei® measured in the Oolite Sand
Facies (sections ¢ and 4 on Figs. 66 and 734+ ection o
is located within 20 m of the contact with the biostrome
and section d is located approximately 50 m to the north=
east of section c.

ction ¢ (total thickness 3,10 m) consists entirely
of rocks of the Oclite Sand %. The basal 86 cm
consists of light-grey, orange-speckled, cross-bedded,
partially dolomitized, ocolitic gqrainstones. All the ocolds
are dolomitized and there is also partial dolomitization
of the matrix, Tt is overlain by a light-qgrey, cross-
bedded, oolitic grginstone (74 cm) with a minor trilcbite
fraction { d”l”w(! ooids. The topmost unit is a

i

light=groy ooliticlqg wstone (1.50 mF with a relatively -

high skeletal content consisting predominantly of echimoderm -, |
plates. The ooids are again dolomitized, but no cross-
bedding occurs. =

Section d (total thickness 2.94 m) consists of
burrowed dolostones, skeletal, oolitic grainstones, and
skeletal gramstones. The lowermost exposcd beds consist
of 66 cm, of burrowed dolostones with a small silt
fract son, apparently restricted tq the burrows. This unit
is interrupted by a thin (6 cm) bed of horizontally
laminated dolomitic siltstone consisting of equal proportions
of fingly crystalline dolomite and sub-angular to sub-rounded
silt=-grade guartz. This bed occurs at 0.45 m from the
base of the section.

The dolostones are overlain by 1.08 m of cross-bedded,
light-grey ocolitic grainstones with varying amounts of
skeletal material and peloids. Towards the base of this bed
dolomitized ocolds and peloids cccur in eouval proportions
with a relatively small (less than 15i) skeletal fraction
eonsisting of echinoderm plates, inarticulate brachicpods,
and trilebites. The peloid fraction disappears upwards




replaced by partially dolomitized ocolds and a skeletal
fraction {20%) of echinoderm plates, brachiopods, and

trilobites. .

y dolomiti ZE&

The colites are overlain by a partia
in-

(mottled, 20% of volume), cream to pink, skeletal gr
stone consisting predominantly of echinoderm plates with
minor quantities of trilobites and brachiopeds. This
grades into a skeletal grainstone with minor dolomi tization
_h‘.ess than 10%} and a 15% fraction of dolemitized coids,

e combined thickness of the skeletal grainstones, the
highest beds exposed, is 1,20 m.

. A rose diagram of 17 measurements of cross-bedding
current direction taken from the ocolites (Figq.213)
indicates a widespread polymodal current direction. This
result may be due to insufficient data.

- 215 -




APPENDIX D

¥

fprte.

thickest measured section (18.5 m) in the Dolite
urs in poorly exposed outcrops along ti
main road about 1 km to the east of Forteau, and in small
quarries adjacent to a track heading southwards off the
main road (position d, Fig.8)],

u {Dolite Sand Fac

M complete section of the Forteau Formaticn from the
contact w, the Bradore Formatisn to the prosent da
level of erosion can be measured. The base of the Oolite

Sand Facies is taken at the conformable mtact hetween
platey lirest » and shale beds, characteristi of the
lower part of the TForteau Formation and a skeletal
calecaren characteristic of the upper bart of the

Forteau Formation in Labrador (Fig.67}) .

The basal calcatenite (1.6 m} is partially dolom-
itized (mottled, totaling 20% of total rock volume) ,
burrowed, dark-grey, Skeletal grainstone consisting of
worn and broken fragmemts of echinederm plates, Salterell
cones, and trilobite debris, along with a 10% silt fraction,

This is overlain by a dark grey, intraclast grain-
stone (4.0 mm} consisting entirely of int raclasts cemented
togethor arsely crystalline pink caleite which make
up 40% of <k wvolume. The intraclasts are stretched-
out or reunded 'rip-up' clasts consisting entirely of
tubules of the blue-green algae Girvanella. At the base,
the clasts are clongated with ragged margins but higher
up the clasts are more rounded,

This passes wertical ly into a poorly-sorted, dolemite-
mottled, oneolitic-oolitic grairstone (1.2 m} with a LY
skeletal fraction consisting of Salterella cones, echinoderm
Plates, and minor occurrences of hyolithids and trilobites.
The oncolites consist of a nucleus of composite qrains,
coids, or skeletal fragments surrounded b tubules of
Girvanella and are up to 3 cm long.

The oncolitiec grainstone is succeeded by a dark grey
skeletal grainstone (2.0 m) with brown-arange mottles
(dolomitel. The grainstone consists mainly of echinoderm
rlates and trilobite carapaces and the occassional hyolithid
cone and brachiopod valve.

The grainstone is everlain by a light=grey to light=
brown dolostone with a minor skeletal fraction of abraded
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Facies at Forteau,

- 217 -

L]
ﬂ.‘

r LI
_.r,r _._J
W
r#::..lr.,..
N .T..L

Saniin

Stratigraphic section in the Colite Sand

67:

Fig.




trilobites and brachiopods. Th grades vertically into
a ripple-laminated domomitic siltstone with some burrows.
Altogether, this unit is 1 m thick.

Overlying the dolomite bedseis a 1 m thick bed of
burrowed (dolomitized), dark-grey, ocolitic grainstone
with a minor (less than 10%) skeletal fraction of echinoderm
plates and Salterella cones.

Following the colite is a relatively thick (4 m)
sequence, of black to dark-brown oncolitic and oolitic
grainstones. Oncolites, up to 2.5 cm across and
consiéting of Girvanella tubules, occur in a matrix of
ooids, peloids, composite grains, echincderm plates,
trilobite debris, and hyolithids.

The top of the exposed sequence consists of 3.5 m
of burrowed dolostone, often with dolomitized oncolites
and with a skeletal fraction of. less than 5%.
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APPENDIX E

L'Anse Amour (Biostrome Facies)

The largest continuous outcrop of the Biostrome Facles
is found in a cliff-section to the south-west of the Pointe
gnour Peninsula {position E, £ig.8). Thi is found
about 50 m inland from the high-tide level and is in excess
of 35 n high, The vertical exposure totals some 15 m
and forms the brow of the cliff which extends laterally
for 2.25 km, Several minor faults cross the cliff but the
displacement is small. Although the land surface rises
gently inland from the cliff-section, the strata is
repeated by faulting so the most complete section is seen
in the cliff itself. Four sections were measured along
the length of the outcrop (Fig.68).

The contact with the open-shelf facies of the Forteau
Formation i3 secn only at the southern end of the cliff,
Dolomitic Moundstone (BD-1) is in direct contact with
shales and silstones of the cpen-shelf facies and the
moundstone fauna here consists of large, high-angle cones
and bowl-shape archaeccyathids [Metaldetes). Moundstone
grades laterally into skeletal calcarenite which in turn
grades laterally into a rippled calcarcous siltstone and
then back into skeletal calearenite. The lcarenite
is a skeletal grainstone with small archaeocythid fragment’
brachiopeds, and trilopites; is less than 20 cn thick ‘@
and extends laterally for 75 cm from the moundstone to
the siltstone. It passes both laterally and vertically
into rippled-laminated calcareous siltstone ({the riprples
are asymmetrical, with a wavelength of li}t.\ em and an
indicated current direction.towards 164" ). The vertical
extent of the siltstone varies between 10 em adjacent to
the moundstone and 25 em away from it., Above the siltstone,
adjacent to the mound is 40 cm of skeletal calcarenite .
which drapes off the moundstone at angles of less than 10-.
The calcarenite is replaced vertically by moundstone.

The mest complete section at L'Anse Amour occurs
about 250 m from the southern end of the cliff. The basal
division consists. of 2.2 m of Dolomitic Moundstone (base
not seen in measured section) which is at least in part
equivalent to the shales and siltstones to the south.

The moundstone is typically dark grey or green, archaeo-
eyathid-rich with a mudstone matrix (lithofacies BD-1).

Mo large dolomite pods are seen although small patches

of dolomitization occcur along with small lenges of skeletal
calcarenite. Weathering cbscures much of the detail
although a certain vertical zonation of fauna is apparent.




Fig.

.

68:

Stratigraphi
N a

¢ sections in the Biostrome Facies
L'Anse Amour.

Tlrve




Towards the base, narrow cone archacocyathids (Metaldetes)
domimate with only the occasional isolat stick-form
[Archaeo hus). In the top 0.35 m, clumps of branching
stic orms occur which are evenly spaced (c. 0.35 m apart)
and are asscciated with scattered coelenterate fronds.

Overlying the Delomitic Moundstone lithofacies (BD-1)
is the thinnest and least persistent unit consjgting of
Red Moundstone (BR-1). The thickness is 1.20 m ¥n the
measured section but is often less and rarely more than
that figure. This wnit is characterized by the deep red
colour of the mudstone matrix, the stylonodular
appcarance, and abundance of upright archaeocyathids.
Harrow concs dominate the archaeocyat s fauna with stick-
forms and retilaminiforms also playing an important role.
Calcareous algae is common throughout the units, coelen-
terate fronds occur locally; and inarti ate brachiopods
are cormon.  Small lenses of skeletal calcarenite make up
less than 10% of the rock by volume.

The main part of the ocutcrop consists of Nodular
Moundstone (BH=-1). This unit averages & m Lhick and
consists of badly weathered, rubbly, black to dark dgrey,
nodular moundstone with a mudstone to wackestone matrix.
Small lenses of skeletal calcarenite and small isolated
patches of shale occur within the moundstone. Archaeocyathid
density low but consists primarily of narrow and wide
cones (Metaldetes). Brachiopods are rare. The unit is
laterally persistent and occurs in sections measured 2 km
away to the north. Within the L'Anse Amour area (and at
Fox Cove) the Nodular Mound Unit (BN} is terminated by
a planar erosion-surface contact with ooclitic and skeletal
grainstones (Unit BB).

Within all three ulits (BD, BR, BN} exposed below
the erosion surface, largwe accumulations of skeletal '
calcarenite occur as wedges~which flank the moundstone.

In the area betwcen the scttlement of L'Anse Amour and the
southern extent of the cliff (about 1.0 km) there are six
such wedages which vary in size frem 1.5 m to 4.5 m thick
by 2.5 mto 28 m long at the base [maximum extent). In
all six occurrences, calcaregir_e drape off the moundstone
at angles besueen 117 and 187, and in directions between
013" and 050°. Minor cross-bedding is often scen on the
inclined beds, always dipping away from the mounds.

Four of the wedges are adjacent to the nedular moundstone
(BN-1), one is adjacent to the Red Moundstone (BR-1),

and one, the largest, is adjacent to all three lithofacies
(BD-1, BR-1, and BN-1). The largest wedge (size 4.5 m

by 28 m) occurs at the southern end of the cliff. This

Ve




wedge consists of skeletal packestone to yrainstone with
several beds, up to 20 cm thick, consisting solely of
unbroken brachiopod wvalves. These bmshlouud—xir.h beds
dip gently off the moun (less than 10°) but are horizontal
within 25 cm from the mound. The contact between the
moundstones and calcarenite interdigitates over 50 cm.

At the top of the wedge is a large symmetrical megaripple
with a wavelength of 1.65 m and an amplitude of 16 cm. .
Current dircctions could not be measured. It is directly
underlain by-a 4 cm thick bed with slightly asymmetrical
ripples (wavelength of 10 cm).

Overlying the Nodular Mound Unit (BN) and seperated
by a planar ecrosion surface described above is another
5.5 m of section, divisable into 2 units (BA and BG).
The Oolite Bicherm Unit (BB) lies on top of the erosion
surface and has a maximum thickness of 3.05 m. At the
south end of the cliff, coarse skeletal calecarenite (BB-3)
with a thickness of 27 em occurs at the base and passes
vertically into skeletal colitic calcarenite (DB=1) more
than 2 m thick, with no sedimentary structures. A small
archacocyathid=rich moundstone occurs as a Bioherm (BB-2)
of unknown lateral dimensions (probably less than 1.50 m)
and 0.40 m thick.

About 250 m to the north a coarse, skeletal, oolitic
grainstone {occasionally floatstege) is at the base i(thick-
ness 12 cm) and contains large archaeccyathid cups
echinocderm {ragments, brachiopods,|and trilobites as well
as asymmetric ooids. This grades Jpwards into an ocolitic
packestone (48 com thick), in which Yhe ooids are selectively
dolomitized. Above the dolomitized oolite bed is a very
clean, light-grey oolitic packestone (€ cm thick) with
wvery little skel#tal material which truncates the dolomitized
ooids underneath. The light-grey ocoids are in turn,
truncated by 15 cm of very coarse skeletal oolitic
packestones (BB-1). Both erosive contactseare planar,
distinct lines but only occur locally,

The next horizon of oolitic packestones (95 cm)
contalns another small bioherm of unknown, but restricted
dimensions. JThis bicherm ha% a flat lower surface afd a
strongly ¢on{ex- upper surface with the top truncated by

the overlying unit. The bioherm, in the same level as the

one to the south and of another 1 km to the north, consists

of a red to grey archaeccyathid moundstone in a mudstone

to packestone matrix. Stick-form archaeocyathids out-number
cones by 2:1; retilaminiforms are common; trilobites,
brachiopods, and calcareous algae are present. The largest -
bicherm is the one to the north which has v-aximum height ',*




of 1.60 m at the central point of the structure and is
5 m wide at the base., The contact between the bicherm
and the ocolites is straight although interdigitatory.

Two kilometres to the north of L'Anse Amour,
equivalent beds consists of 1.15 m of skeletal packestone
to grainstone overlain by 1.60 m of coarse,
but fining upwards skeletal oolitic calcarenites.

The highest beds exposed overlie the Oolite Bicherm
Unit (BB) and consist of rocks of the Grey Mound Unit
(BG). The Grey Moundstone lithofacies (BG-1) consists of
abundant clacareous algae often associated with
retilaminiform archacocyathids with cones cutnumbering
stick-form archacocyathids by 2:1. The cones (Metaldetes)
are large and thick-walled. Poorly exposed outcrops o
laterally equivalent calearenites cccur but their geometry
is unknown. About 1 km to the north of L'Anse Amour, a
course skeletal calcatenite (B0 cm thick) which grades
upwards from the underlying oolitic packestone is
apparently the lateral equivalent of the moundstone.
One km further north, the same Grey Moundstone occurs
(0.50 m thick] although the basal 0.20 m of grey mudstone
appears unfossiliferous, At L'Anse Amour the grey
moundstone is 2.80 m thick, but t top 0.30 m consists
of skeletal (Girvanella) stromatolities {type LLH-C of
Logan ot al., 1964) which are the highest beds seen but
are also laterally equivalent in part to the Grey Moundstone.
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APPENDIX F

Fox Cove (Biostrome Facies)
w

The only coastal exposure of the Biostrome Facies
is found at Fox. Cove on the Pointe Amour peninsular
(position F, I'ig.8) where it is faulted against the
patch-ree! series of the Forteau Formation. Although less
than 14 m of section is exposed vertically, about 300 m
of strata is cxposed laterally. The stratigraphical
contact of the Biostrome Facies with the open=shelf facies
of the Forteau Formation is seen only at the north-east
end of Fox Cove (Figs. 69 and 70). =

The sequence (see Figs. 69 and 70) commence ith a
thick (2.5 m) unit of massively bedded calcarenite which
rgrades, 20 m to the uth-west into calcarcous siltstone
with common trace fossils, Several sets of ripple-marks
are assoclated with the siltstone including sinous
symmetrical ripples, interference ripples, and asymr!etrécal
ripples. Current direction varies between 0307 and 1727,

The skeletal calecarenite passes upward ir
of well-laminated calcareous siltstone with
shales containing small lenses of skeletal ca
This unit is overl by 1.20 m of massively bedded,
homogenous, cearsc-grained skeletal calcarcnite (packestone
to fleatstone with packestone matrix)., Archacocyathid
fragments are fairly common but most of the material consists
of echinoderm plates, with brachiopcds, and occasional
trilobites and hyolithids. The unit terminates with a
mega-rippled surface of symmetrical ripples having wave-
lengths of between 18 and 35 em. Crests of the ripples
trend 055, This mega-rippled horizon is also seen 50 m
te the south-west where the wavelenagth is 96 om with
symmetrical crests trending 049 Three hundred metres
to the south=west, near to the beach, both symmetrical
mega-ripples (wavelength of 34 to 45 cm, crests trending
066 %= 085% and sinous, asymmetrical megaripples (wave-
length of 15 cm, current direction 1667) cccur.

Overlying the mega-rippled calcarenite is a laterally
diverse suite of shales and silts (lithofacies BD-2), .
Skeletal Calcarenite (BD-3) and Dolomitic Moundstone (BD-1);
which together attain a maximum thickness of 4.0 m. Towards
the north-cast, the sequence commences with 1.60 m of
shales and calcareous siltstones. Shales dominate at the
base but sediments become silty towards the top with
occasicnal small ripple laminations. FRare, small lenses
of skeletal calcarenite (maximum size 33 cm x 5 cm) occur
within the unit.




|

[Fox cove]

Fig. 6%: Stratigraphic sections in the Biostrome
Facies at Fox Cove.
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Overlying the shales with an irreqular centact is
the Colomitic Moundstone (BD-1). In places, the base
of the moundstone consists of toppled stick-form
archaeccyathids (Archaeccyathus) in a mud/silt matrix,
This grades Iatersm- into either a purer calcareous
siltstone or a brachiopod packestone with convex-up in=
articulate brachiopod valves forming beds less than
15 ¢m thick. HMost of the time, the moundstone lies

directly onto the shales and silts. Im this situation,
very large, wide cones and bowl-shaped archacocyathids
iMetaldetes) with diameters averaging 10.5 cm dominate -

the fauna along with inarticulate brachiocpods. Associated
fauna includes large stick-form archaeccyathids and an
occasional frond of coelenterate. About 1.0 m higher,
however, sticks outnumber narrow cones and the coelenterate
has an erratic distribution from absent to wery abundant,
sometimes occurring as the sole skeletal element.
Branching, stick-form archaeocyathid (Archaeocyathus)
"colonies" are commen at this horizeon and very evenly
spaced 35 cm apart. Skeletal calcarenite lenscs or pods
and small pods of fine-grained dolomite are present but
are not extensive. The top of this unit is not exposed
at the north-east end of Fox Cove.

Tracad to the south-west, the underlying shales
(BD=2} becore more silty in nature and ewventually
caleareous stone is replaced by Skeletal calcarenite |
{0-2], all witbin 50 m from the north-east cnd.
Dolomitic Moundstone overlies the calcarenite. Thirty o
metres further to the south-west the calcarenite thins
against laterally equivalent Dolomitic Moundstone (BD-1).
The calcarenjte drapes off the moundstone at angles of
less than 107, and has an interdigitatory contact.

The shales are seen again to overlie the mega-rippled
calcarenite at the south-west end of Fox Cove, 300 m from

the previously described occurrence, and on the same
stratigraphical- horizon. The shales here are black,

featureloss, almost 1 m thick and extend at least 50 m -
further to the south-west. They underlie the Dolomitic
Moundstone in the lower part and occur as lateral equivalents

in the upper part where a tongue of shale drapes off the
moundstone at angles up to 307,

The Dolomitic Moundstone to the south-west differs
from that to the north-east in at least two important
ways. The proportion of dolomite present and the size
of the pods in which it is found is much greater to
the south-west. The dolomite makes up approximately 25%
of the lithofacies and is found in large pods and lenses




(maximum more than 2 m lona) which are surrounded by
stylonodular moundstone which because of the differential
intensity of stylolitization, appears to have wrapped
itself around the dolomite pod.  Some pods on weathered v
surfaces show laminations and bioturbation features
(vertical and inclined burrowsk. Upright archaeocyathid
cups and ‘relict' (?] patches of skeletal calcarenite
occur occasionally. The second difference between the two
areas is the absence of coelenterate in the south-west,
the fauna there consisting predominantly of narrow conés
(Metaldetes) dominant over stick-forms {Archaeccyathus) .
_Between “the twe main exposures is a lens of ske etal
~calcarenite (coarse-grained packestone) at least 1,40 m
thick and extending laterally for 35 m. Only one contact
with the moundstone is seen (south-west end) where the
calcarenite thins towards and drapes off the mou 3
at gentle angles. Adjacent to the contact, archaeocyathid
cups are seen in the calcarenite, otherwise the skeletal
composition consists of echinoderms, brachiopods, or
trilobites. I

The Dolomite Unit (BD) at Fox Cove is brought to an
abrupt end by a very thin but laterally extensive [(more
than 300 m] sheet of skelotal calearenite. Two occurrences
of ripples are seen in the sheet. They are both symmetrical
with wavelengths ranging from 5.0 t 7.5 cm 8'“! crests
of the ;;\pp] s trending between 1507 and 277 in one case,
and 1247 in the other. The contact with the underlying
moundstone is planar and apparently erdsional as archaeccy=
athids are truncated., The upper eroded surface of the
moundstone is covered with numerous, small black dots
which represent the apertures of marcoborings, similar to
those described from the lower patch-reef series (James et
al., 1977) and attributed to the morphogenus Trypanites.
These borings, now filled with sediment are seen to
pencétrate archaeocyathid skeletons and surrounding matrix
{Fig.31). They are absent in some places and very dense
in others; up to 260 borings occurring in 10 sguare cent-
imetre areas in places although the average _is, between 150
per 10 square centimetres in=5) 2 :

oOverlying the galcarenite sheet are isolated exposures
of Red Moundstone lithofacies (BE-1). Whenever the base
is exposed, the colonization assemblage documented from
Osprey Reef occcurs averaging 30 cm thick. This grey/green
mudstone consists mainly of abundant reilaminiform
archaeocyathids a¥sociated with the pendent growth-form of
calcarecus algae on the underside. Another significant
skeletal component is the coelenterate whose fronds appear
to spread out both horizontally and dewnwards, Occasional
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stick=form archacecyathids are also found. This unit passes
transitionally upwards into more typical Rdd Moundstone
{BR-1} where abundant, upright narrow concs e the dominant
fauna, along with stick-forms; bowls are rar Calcareous
algae is common, inarticulate brachiopods are present to
common while trilobites are rare. The coelenterate is
locally commoa. The unit, of maximum thickness 2.25 m has

a stylonodular appearance. Small lenses of skeletal
calcarenite make up less than 10% of the wvolume. The
corresponding skeletal calcarenite lithofacies (BR-2) does
not occur at Fox Cove probably due to inadequate exposure.

Red Moundstone passes transitionally over a few
centimetres into the overlying Nodular Moundstone litho-
facies (BN=1) which is 3.9 m thick. Although very badly
weathered, it can be discerned that there is a Wistinct
partition between adjacent areas where archacocyathids
are common and where they are rare. They are common in
areas of up to 1 - 2 m across and about 1 m high. Thick-
walled archacocyathids and funnels dominate with minor
stick-forms in a moudstone matrix. Brachiopods are common.
Skeletal calcarenite makes up to 50% of this unit
and occurs as small lenses and alongated tubular lens
(maximum size 1.0 m by 0:15 m}. The composition of the
calcarenite is often dominated by unbroken, inarticulate
brachiopod valves.

The adjacent strata, with a sparse archacocyathid
fauna is a nodular mudstone with small, skeletal
tbrachiopods) calcarenite lenses (less than-10% volume)
and green, limy shales (5%). Although fossils are rare,
isclated archaeocvathids do occur, particularly towards
the top. Branching stick-forms dominate this sparse
fauna along with wide cones, funnels and bowls., Narrow
cones were not observed.

. The Nodular Mound Unit (BM) is truncated by a planar
erosion surface and gverlain by skeletal, oolitic
packestones (DBB-1). At the base, both skeletal grainstone
containing several large trilobites [Wannerial along with
minor coids; and oolitic grainstones occur. The skeletal
grainstone has a maximum thickness of 60 cm and thins
laterally and eventually passes into ocolitic packestone.
Throughout the ocolite sequence exposed (1.05 m thick)
there is a skeletal element present. The basal 0.65 m
consists®of a fining upwards sequence of ooids with a
corresponding decrease in gkeletal content. The base is
extremely coarse-grained with several large archaeocyathid
cups. The oolite seguence is interrupted by a thin, 4 cm
bed of skeletal packestone which is followed by another

AY
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coarse oolitic skeletal packestone bed (B cm) and then by
a purer colitic packestone (28 cm}.

Adlthough confused by fauling and poor exposure, the
succession continues inland with further isolated exposures
of solitic packestone. In some of the oolitic packestones
however, small (several centimetres) oveid in pl
skeletal [Girvanella) stromatolites (LLH=-5/LLH-C oF Logan
et _al., 1984) occur. Apparent ly overlying the colites
are grey moundstones and calcarenites indicative of the
Grey Moundstone lithofacies (BG-1).
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APPENDIX G

Schooner Cove (Mixed Biostrome and Oplit

e Sand Facies)

; The cliffs ay Schooner Cove, found at the north-east
end of/Piimtebsfur (position G, Fig.8), show an exposed

sequaence from the Bradore Formation through to the Forteau

Formation biostrome complex. Exposure of
complex is limited laterally except at th
the hill, but a useful, though incomplet
(Fig.71). .

The contact with the open shelf faci
Formation is not seen but can be placed t
The base of the biostrome consists of 3.7
Moundstone (AD=1], comparable to that at
end of Fox Cove although no coelenterate
overlain by 1.18 m of coarsely skeletal,
packestone which becomes a purer oolitic
the top. HNo sedimentary structures occur

- A Lhin {65 em), poorly-exposed unit
weathering orange-brown, moundstone with

the biostrome

w very top of

© Serquence occurs

es of the Forteau
o within 1 m.

6 m of Dolomitic
the north-east
ococurs.  This is
partly ocolitic
grainstone towards
in this rock.

of grey,
a mudstone matrix

’ follows with a fauna dominated by stick=form archaeocyathids
and retilaminiforms occuring with calcarcous algae.
This rock is comparable with the Grey Moundstone lithofacies

(BG-1). It is overlain by skeletal, part
partly oncolitic grainstone of thickness
top 10 em cexposced (top is covered) consis

Iy oolitic,
1.30 m. The
ts of larqe (3 em),

brown weathering encolites set in a2 skeletal, oceolitic

matrix. This bed may be thicker but the
not exposed. =

The secucnce recommences with a larg
Moundstone (BG-1) with laterally eguivale
calcarenite. Thick-walled wide cones and
with associated calcarcous algae dominate
element. Trilobites ' (Bonnia) "are present
exposed thickness is 1,96 m but neither ¢
is exposed. A gap of 0.80 m is followed
bed of poorly exposed skeletal packestone
upwards into a sequence of oolitic, skele
assocjiated with srall bioherms, typical o
Bioherm Unit (BE). Less than 2.0 mof th
exposed vertically but widespread lateral
as the beds lie on the top of a hill.' A
bioherms, mostly of unknown maximum dimeh
exposed. The largest biocherm is 1l mnby 5
although tho top is never seen. These bi
grey/green algal-archaeocyathid moundston

next 0.80 m is

e oxposure of Grey
nt coarse skeletal
retilamini forms

the skeletal

. The maximum

he base nor top
by a thin (20 cm)
which grades

tal grainstones

f the ODolite

is wnit is
CXPOSUres occur
total of 9 small
sions are partially
.5 m and 2 m high
cherms consist of
es with a mudstone
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71: Stratigraphic section In the mixed Biostrome Facies
and Colite Sand Facies at Schooner Cove.




matrix. The bicherms have a flat base with 'a strongly
convex upper surface. Calcareous ‘algae appears to be the
dominant organism, with stick-form archaeocyathids,
low-angle cones, and retilaminiforms common. The bicherms
are surrounded by an apprently structureless but well-
bedded assemblage of golitic, skeletal grainstones. The
contact with the biocherms is interdigitatory but no
draping of the calcarenites cccurs. Close to the bicherm,
the colitic grainstones show an abundance of Salterella
cones which diminish in density away from the bioherm until,
at about 3 m distance, they become scarce. This is seen
on all sides of the bicherms and is not restricted to

just one side.
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APFENDIX H

L'Anse au Loup (Oolite Sand Facies)

Along the main road, to the north-east of L'Anse au
Loup (position H, Fig.B), the Oolite Sand Facies is
poorly and infrequently exposed so that no measured
section could be Bbtained. Houwever, rocks characteristic.
of the Dolite Sand Facies do occur there. These-include
mottled, dolomitic siltstones; oolitic, skeletal
grainstones, and burrowed skeletal grainstones.




APPENDIX I

Archacocyathids: Research and Distribution

Archacocyathids are possibly the only major animal
phylum to have become extinct (Hill, 1972}, Their lack of
descendants is reflected by thoe uncertainty of their
affinity. They were regarded primarily as corals by
the discovercr, Capt. Bayfield, in 1845, and later by
Billings (1861), Bornerman (1BB6), and Hinde (1889).
During the same period of time, however, thoy were also
regarded as Protozoan (Billings, 1865) as foraminifera
(Dawson, 1865; Meck, 1868) as sponges (Walestt, 1B86;
Taylor, 1910} as a recestacylitid (Roomer, 1878), and
45 calcarcous algae (Van Toll, 1889). Tayler's work was
apprently regarded as definitive as it was over 25 vears
la before the guestion of their affinity was again
difcybsed when they were placed into a subphylum of the

era (Dedford and Bbdford, 1939; Volegdin, 1937).
hey, were first placed into a phylum of their own, the
Archagocyatha, by Okulitch and De Laubenfels (1953) and
have.maintained that status ever since (Hill, 196d4; 1972)
although sewveral workers regard them as being so similar
to the sponoes as to not warrant a separate phylum
[Ziegler and Rietschel, 1970; Balsam, 1973).

Although morphological variation is great, the most
common form, an inverted cone, superficially resemizles
a rugose coral, but the similarity ends there. The
archaeocyathid skeleton consists of 1 or, more commonly, 2
perforate walls which are connected by perforate radial
plates and rods, imperforate dissepiments and tabulac
oF tubules (Hill, 1%64). A cavity occy the central
part of the skeleton. The morphology varies from stick-
like forms (sometimes branching), to bowl-and plate-like
forms. MNothing is known of the soft tissues of
archacocyathids. P

Stratigraphically, archaeocyathids range. throughout
the Lower Cambrian after which they became cxtinct. Most
taxonomic and stratigraphic work has been done in Russia,
particularly on the Siberian platform [Lena River scction)
and Altai-Sajan fold-belt where archaeccyathids are
present throughout the Lower Cambrian strata from the
carliest Tommotian through the Atdabanian, Lenian, and
Elankian. Nowhere else in the world is there such a complete
sequence (Rozanov and Debrenne, 1974).
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Early history of archaeocyathid research

Archaeocyathids were discovered on the scuth coast of
Labrador in 1845 by Captain H.W. Bayfield, but were
misidentified as a rugose coral Cyathophyllum (Bayfield,
1845). The first Russian discovery of an archacocyathid
was by a mining engineer, Meglisky, inm 1850 along the Lena
River section in Siberia, but it was identified as the
Upper Carbonifercus plant Calamites cannacformis, The first
scientist to collect archaeocyathlds was Richardson of the
Geological Survey of Canada. Unfortunately, his collection,
all from southern Labrador, was lost as the ship, returning
to Montreal with the specimens, sank. Only one specimen
survived and was subseguently illustrated by Logan (1863).

The term archaeccyathid was® derived by Billings
[1861) who erected the genus Archaeocyathus, and named
two species: A. atlanticus and A. minganensis, both from
the Forteau Formation in Labrador. A. minganensis was
also found in the Ordovician age Beekmentown Group on .
Mingan Island in the Gulf of St. Lawrence. Billings
{1861) first believed these forms to be corals but later
changed his mind and designated them as protozea lBil]inqs,‘
1865). Much later, A. minganensis was found to be a
sponge {(Archacoscyphia ut A. atlanticus was an

archaencyathid.

Present day distribution of Archaeocyathids

World-wide distribution

Since 1861 archaeocyathids have been reported from
every continent and substantiated in all but South America
where they were described by Fergulio (1949) but refuted
by Hill (1972). &

By far the most extensive occurrences of archaeocyathids
are in the USSR, and this has resulted in a vast amount
of literature, mainly monographic, which is summarized by
Hill {1964}, The forms occur im two main areas; the Siberian
platform, including the Lena River section, and the Altai-
Sajan fold-belt. As archaeccyathids are present throughout
the contifiucus Lower and lower Middle Cambrian sections
in these reagions, it has been suggested that four stratigraphic
stages can be recognised using the development of arch-
aeocyathids as the time control, and that these stages could
serve as the basis for a division of the Lower Cambrian
and world-wide correlation (Rozanov and Debrenne, 1974).
The four stages recognised in ascending order are the Tommotian,
Atdabanian, Lenian, and Elankian. The Elankian may, in
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part, be Middle Cambrian (Rozanov and Oebrenne, 1974).
The only other Asian occurrence of archasocyathids is
from China (Blackwelder, 1904; Ogawa, 1905).

Eurcpean pccurrences of archaeccyathids are relatively
few. Probably the best exposed outcrops are in Spain
where 2 major localities are known, both in the north-west
part of the country. ArchaeocyaLrtdw are found in the
Lancasa Formation of the Esla Valley where they are
associated with oncolikes and bioclastic debris (Debrenne
and Zamarrefio, 1970), and in the equivalent Vegadeo
Formation in the region of Ponferrada, both of Lenian
age (Debrenne and Zamarrefic, 1975). The second cccurrence
is from Las Ermitas and yields an ‘older, early Atdabanian
age fauna (Rozanov and Debrenne, 1974).

'

In the Igqlesiente-5ulcis region of S.W. Sardinia,
archaeocyathids occur in algal bioherms and within clastic
strata of the Matoppa member of the Nebida Fm. (Debrenne,
1964; Brasier, 1976). A Lenian or possibly Upper Atdabanian
age is indicated by the assemblages (Rozanov and Debrenne,
1974) .,

Two poor exposures are found in France. Lenian
archaeocyathids are found in the 'Calcaire a Archasocyathus'
of the Montagne Nolr area (Debgenne, 1974), while a poor
fauna, possibly of Atdabanian Mge (Rozabov and Debrénne,
1974}, is found in Carteret, Normandy (Debrenne, 1964).

In H. Norway, on the Tsle of S@grdy, archaeocyathids
have heen reported within a highly deformed, matamorphosed H
L Sequence occuring in rafts of cale —slhr:atc rocks within

“the Storelv Gabbfo (Holland and Sturt, 1970). As they are

so Lpdly preserved, they can only 'be placed down to the
er Ajacicyathida.

The most recent European discovery of archaeocyathids
was abt Inchnadamph in N.W. Scotland where they occcur as
rare fragments in silicified dolomite clpsts, 10 m above
the base of the Eilean Dubh Formation of the Durness Group,
and assigned, in this preliminary study, to the family
Ajacicyathacea (Brasier, 1977).

Archaeoccyathids have been reported from the Middle
Cambrian of the Holy Cross Mountains in Poland (Orlowskl,
1959; 1960) but have since been re-interpreted as the
blastozoan echinoderm class Ctenocystoidea (Sprinkle,
1973, p. 111).

Archaeocyathids have been reported from erratics in




the Dwyka Tillite in §. Africa (Rozanoy and Debrenne, 1974),
but the major African occurrence is i Morooco where Lower
Lenian forms are found from the sloped of the Anti-Atlas
Mountains (Rozanov and Debrenne, 1974) and-also in older,
Middle Atdabanian (possibly Tommotian) rocks in the
"Schisto-Calcaire” succession of the north slope of the
Anti-Atlas (Debrenne, 1964) where they occur in bicherms
(Debrenne, 1975).

Extensive archacocyathid bearing beds are found in
the Flinders Range of Australja, described by Taylor (1910)
and subsequently revised by Debrenne (1970; and the Ajax

Mine fauna, 1974). Aspects /of tha palececclogy are
discussed by Brasier (1976). Two levels of archacocyathids
are found in the Flinders Range. The lowest is the

Wilkowillina Limestone of Atdabanian age and the uppermost
is the Wirreolpa Limestone of Lenian age [(Rozanov and
Debrenne, 1974}.

In Antarctica, there was a 50 year gap between the
discovery of archaeocyathids in glacial erratics (Priestly
and David, 1910) and of their in situ discovery (Laird |
and Waterhouse, 1962) and subsecuent documentation (Hill,
1965). A possible Atdabanian or Lenian age has been
proposed for this faupa (Rozanov and Debrenne, 1874).

The genus Archaeocyathus is illustrated, amongst other
fossils, from the Ella § Formation of the East-Central
Greenland fold-belt where they occur in large numbers
(Poulsen, 1932).

North American ©ccurrences

The distribution of archaeccyathids in North America
can be divided into two distinct geographical areas: the
Western Cordillera and the Appalachians.

The Western Cordillera: The Western.Cordillera of
canada has numeroug reports of archaeocyathids which are
listed and well-referenced by Stelck and Hedinger (1975).
They cccur in a linear belt approximately 1200 kms long
and 250 kms wide, trending N.N.W. - 5.5.E. (Stelck and
Hedinger, 1975; p. 2015) which presumably extends into
the U.S.A. where they have been described from Washington
State (Okulitech and Greggs, 1958). A well-documented
occurrence from the McKenzie and Cassiar Mountains of the
North-West Territories, the Yukon, ang British Columbia
{Handfield, 197l) gives a Sanoshtykgol age when correlated
with the Altai-Sajan fold-belt of Russia, but Rozanov and
Debrenne (1974) suggest a younger, Lower Lenian age when




corr ted with the Siberian Platform. The eccurrcnce
of archacocyathids in bicherms is often mentioned from
the Canadian Cordillera (e.g. Brabb, 1947; Fritz, 1974)
but they have not been described in detail.

In the Great Basin Silver Peak Range of W. Ne
and the White and Inyo Mountains of California, ar
athids occur within a /,000 ft. (1828 m) thick Lower Cambrian
sequence which is part of a continuous section from the
late Precambrian to the late Cambrian {MeKee and Ganglaff,
1969). The archacocyathids, which occur in the middle one-
third of the sequence, have been correlated with the
Lenian stage of the Siberian Platferm (Rozanov and
Debrenne, 1974). They form bioherms loss than Lon ft
30 mi long, 5 ft. (1.5 m) high in the Montenearo Membie
of the Campito Formation and the lower part of the
Harkless Formation, and cccur as isolated individuals
in the intervening Poleta Formation (McKee and Gangloff,
1969; Morgan, 1976).

The Appalachians: Isolated occurrences of archaco-
cyathids are documented througheut the Canadian and U.S.A.
Appalachian Mountain system

The northernmost occufrence Ls from the Forteau
Formation of scuthern Labrhdor, eastern Quebee, and N.W.
Hewfoundland (Schuchert and Dunbar, 1934; James and Kobluk,
1978; Cumming, in pressl. These are probably gehe best
exposures of such rocks in the Appalaehian systoem,
partly because they are exposod to the west of the western
limit of Appalachian deformation.

The only reported occurrence of Middle Cambrian
archaeocyathids in North America is from the St. John
Group at St. Martins in New Nrunswick and are allied
to the Atlantic Province faunas (Okuliteh, 1943).

Fragments of archaeocyathids have been reported
from limestone blecks in the Bic Conglomerate at Bic
Harbour, Quebec (Okulitch, 1943).

In the northern U.S.A., archaeceyathids are known
from the Schodack Formation to the north-east of Troy,
New York State (Ford, 1873; Okulitch, 1943}, and from
York Co., Pennsylvania (Stose and Jonas, 1939), They have
tecently been described as occurring ,s soMtterod S
individuals and in small bicherms from the basc of the |
Leithsville Formation in New Jersey, and subsequently
correlated with the Forteau Formation (Palmer and
Rozanov, 1976).

Archaeocyathids have long been known from the Shady

- 239 -




Delomité and Weisner Formation in the southern
Appalachians Aechacocyathid "reef were described
from Austinville, Virginia (Ressér, 1938). These
structures have been re-invest ted and re-interpreted
as burrow complexes (Balsam, 1970; 1974) although
isolated archacocyathid individuals are present in the
arda (Balsam, 1974; Willoughby, 1976). Archacocyathic
were also reported from the Shady Dolomite in Georgia
(Kesler, 1950) and Alabama (Butts, 1926).

The most recently documented occurrence iz from
the Valley and Ridge "Sleeping Giants”™ Province which is
part of the Coosa deformed belt-near Talladega, Alabama,
where small mounds and individuals are reported (Bearce
and McKirney, 1977).

: i
Archacocyathids as "reef"-bui

Compared with the vast amount of literature en the
taxonomy of archaeccyathids, notably by workers in the
USSR, very little rescarch has been aimed towards an
understanding of the palececology of the orqanisms,
particularly as to their wole as Cambrian regd-bdilders.

Archacocyathids are recognised as suring in biochermal
structures in’ many places [see previous sdction on
distribution), but these structures have not been
described in any detail. Debrenne (195%) recoqani
modes of occurrence of archaeccyathids; as isolated
individuals associated with other organisms such as
trilobites, brachicpods, and hyolithids; in laterally
continuous banks (biostromes); and.in bicherms having
topographical relief and sometimes associated with calcarcous
algae.

d three

Zhuravleva [(1960; 1966} recoqnised a varicty of
archaeccyathid biohermal structures from the Siberian
Platform and suggested that the distribution of
archaeocyathids was depth controlled {(in Hill, 1972, p. E.
28). She claimed that small bicherms flourished at
depths of 20-310 m and down to 50 m. This -idea was bascd
on the asseciation of the archacocyathids with the calcarcous
alga Renalcis. When archaeocyathids are found associated
with the calcareous alga-Epiphyton, then depths of 50-

100 m are suggested (Zhurdvleva, [960; in Hill, 1972).

Archaeocyathid (organogenic) build-ups Erom the
Altai=-Saj fold-belt of Fussia have been classified into
four structures (Zadorozhnaya, 1975); biostromes, bioherms,
bichermal massifs, and reefs. The distribution of these
structures in both time and tectonic setting is also noted.




In North America, Okuliteh (1969) doubted the potenial
of archacecyathids to form reefs unle accompanied by
algac. However, he recorded ‘colonies’ of the orqani sms
in structures with lateral dimensioms of to several
miles but with vertical expressions of only a fow feet,

Bichermal ructurcs have long been known from the
White and Inyo Mountains of Easterr California | ee and
Gangloff, 1969) where they form lensc-shaped 1im
beds 100 f£t. (30 m)iJong and 5 ft. 9
primary topographical r ef. The maximum thickness
observed by Mckee and Gangleff is 18 ft. (5.5 m), b from
the same arca and formation (Montenegro Member of the
Campito Formation), lenticular mounds of 194 m long with
thicknessos of 10 m are recorded (Morqgan, 197%),
These structures are mud-supported with the mud s
derived from the breakdown of algal thalli, a situa ¥
analagous to the carbonate banks of Florida (Morgan, 1975),

« The only detailed wark on a chacocyathids from both
2 sedimentological and paleontological view deals with

the "patch-recfs™ of the Forteau Formation in southern
Labrador (Jame nd Kobluk, 1978). 1t has cmorged from
their study that features which characterized modern

recfs such as bielogical ac cretion, internal sedimentation,
early lithification, and bioclogical destruction ean be
recognised in th mbrian structures. These patch-reefs

consist of loat-shaced mounds of archacocyathid-rich
mudstone along with Renalcis and ares stacked on top of
each other and flanked by skéletal calcarenites and
shales {(James and Kobluk, 1978). - )




Fig.72. Geology of the study drea between Lourdes de Blanc Sablon ( Q‘uébel
and West St. Modeste (S. Labrador) _
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Fig.73. Facies relationships of exposed strata at Osprey Reef
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