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ABSTRACT -

The Port au Port Group is an outer shelf, peritiaal carbonate and
siliciclastic platform deposit cé@posed of six lithofacies: (1) parted f

limestone; (2) grey and variegated shale; (3) ocoid calcarenite; (4)

carbonate laminite: (5) $£romatolite and thrombolite mound; and (6)

-

mixed glauconitic sandstone and oolite. Qoid calcarenites, carbonate
laminites, and variegated shales together were deposited as a series of °

carbonate sand shoals in which the shallow-subtidal and inteptidal zones

were each regimes of in situ ooid formation and accumulation. Parted

w

limestones and grey shales were deposited on muddy tidal flats leeward

of the carbonate shoals. Both muddy tidal flats and carbonate sand
t

shoals wére sites of stromatolite and thrombolite mound growth.

Siliciclastic sands and silts represent eolian deposits and reéworking of

nearshore siliciclastics.
v

The lithofacies occur in two types of meter-scale'assemplages: (If
predictable meter-scale, shallowing-upward cycles of parted limestone
and shale deposited ig the muddy tidal fléts, which were largely
controlled by vériable fates of sedimentation; and.(z) unpredictablé

meter-scale assemblages of ooid calcarenite and carbonate laminite,

" which resulted from the sporadic but frequent migration of the carbonate

-shoals. These two assemblages together form Grand Cycles that reflect

X

the complex interplay of sea-levelfeustasy and regional variations in

sedimentation and environmental conditions. These Grand Cycles are

-

distinct from western North American cycles because they are composed

Al

almost entirely of peritidal sediments; thinness of the cycles; and

restricted areal occurrence. These differenceibmay reflecg‘porrower
. 4

e w,
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.shelf widths; lower rates of sedimentation: and lower amplitudes of

- .

relative sea-level rise on the northeastern margin of the-North American

craton compared to the western margin. "

Concentric 6oids in intertidal brown oolites were originally

. t .
bimineralic: aragonitic laminae are now blocky calcite and laminae of

fibrous and micritic Mg calcite have altered to calcite with

- ’

we%l—préébrved fabrics.  Radial ooids in gubtidal grey ocolite wire Mg
calcite only and underwent progressive alte}ation during burial to give
rise to a yariet?iof cortical fabrics, ranginé from radial to blocky
calci;e} The facies-specific nature of ooid mineralogy and morphology
sugge%ts thap;local énvironmeﬁtal conditions strongly influenceﬁ 0oid

formation, particularly turbulence and sea floor topography.

' .
R .

The spectrum of calcite cements, mudstones and dolomites represents )
protracted history of diagenesis, which includes: (1) synsedimentary

peritidal lithification, erosion and dolomitization: (2) possible

N .

shallow=-burial meteoyic lithification and alteration of metastable

carbonates; (3) deep-burial lithification and dolomitization; and (4)

cementation and dedolamitization related to uplift. Peritidal
. 4

- ~

lithification and dolomitization, along with minor shallow-burial

lithification, determined the final appearance of the, rocks; deeper

c -

“ burial and re-exposure events resulted imronly a'diffuse overprinting of:

all lithofacies. : , X
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Chapter 1

INTRODUCTION -

1.1 PROLOGUE

}

;Th;.aCCessibility Jf'shallou—marine carbonafe éystems, both*modern and
ancient, and the occurrence of some of the world's largest hyd{ocarbon
xréservoirs in Paleozoic sﬁelf carbonates have prompted investigations of
‘these sediments worldwide. The plethora of depositional aﬁd diagenetic -
" models, based largely upon-classic modern examples such as the Bahamian

Platform and Persian Gulf have guided the interpretation of most

Phanerozoic shallow-witer carbonate sequences. - \\

In No4th Americé,.well-exposed C;mbrian strata pfoyide exéellenfl
oppégtunitigs fof detailed- sedimentologic and diagenetic stddies of
ahciens platform carbqnétes. Cambrian outcrop belts occur as far south
as New Mexico; as far north.as théJNbrthwest Territqries;'to'the west in
the Cénadian Rockies and.Great Basinj and in the'Appalpchiaﬁ region in’

. tﬁe east kHolland, 1971). Yet, there are surprisiﬁgly few comprehénsive

. investigations of these rocks. - ~-‘ / -

The mixed car&onaté_and(siliciélastic sequence of Middle to Late

Cambrisn age in western Newfoundland is one of the most complete and



-

best exposed deﬁpsits of such rocks in eastern:Nort; Americé.~0utcrops
of these strata dre found at- numerous locations - from.fhg Port au Port
Péninéula‘in the.séuth to Lower Cove near the northérn tip of the Great
&orthern Peninsula. This study is an analyéis.of'paléﬁshelf conditions,

and depositional and diaéenetic structures and processes in this mixed

sediment sequence. |

1

1.2 GEOLOGIC SETTING

Middle and Upper Cambrian platform sediments in western Newfoundland
. . 9 : ) .
. outcrop in a discontiruous fringe- around the flanks of the Precambrian

'Long Range, forming a belt‘approximately 400 km long by 75 km wide.
Generally trending southwesé—noqtheast to west-east, the most compieté -
sequences are present in the. readily-accessible 6oa§tal exposu;eé on the
Port au Port.Peninsulaq thesnorthern and southern shores of Goose Arm;

K\ the sGuth ‘shore of Bonne Bay; Little Coney Arm in White Bay; Canada Bay;.

\ .

\and along the St. Barbe coast (Fig. 1.1). Inland from these coastal

) v

sections, outcrops are sporadic and poorly exposed -due to dense

vegetation.

~ The eastern part of the outcrop belt is either covered by

d r

Carboniferous rock or disappears into White Bay. The western side passes
under the Gulf of St. Lawrence and/or is tectonicallﬁqoverlain by

allochthonous roqks. Equivalent sections in Quebec and Ontario are

predominantly sandstone and conglomerate; the exceﬁfion being one tin{

\

problematical exposure of Middle and Upper. Cambrian limestones and



Figure 1.1: Geologic setting of Middle and Upper Cambrian platform
sediments (indicated in black), western Newfoundland
(modified from James and Stevens,. 1982).
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The Middle and Uppar.Cambrlan shallow—marlne strata of thlS study is

part of the tectono-stratlgraphlc Humber Zone of the Appalachlan Orogen

V

{(Williams, 1976 1979) wh1ch records the growth and demise of a

" continental margin of Iapetus. These strata represent sediments on the
: = . :

x (. - o e .
outer part of ;hé stable gpelg’ which paleogeographic redﬂhstructions

suggest was at'approximat61} 25 degrees S latitude, within the

. o -, .
. sub-tropical climate zone (Sgotese et al., 1849). They comprise part of

an eastwérd—thickening'p;ism of Lower Cambrian to Middle Ordovician
14 ) .

_ voleanics, siliciclastics and carbonates which rest unconformably on

Grenvillian crystalline basement (Rodgers, 1968; Williams and Stevens,
1974; James and Stevens, 1982). This package is characterized by a
gradual transition from siliciclastics (Lower Cambrian Hawke Bay

Formation) to carbonates (Lower Ordovician St. George Group).

/. . o
Foundering and destruction of the margin (Taconic Orogeny) is
reflected in the upward-deepening part of the autochthonous Table;Head

Group of Middle Ordovician,age (Klappa et al., 1980) and overlying

» easterly—derived giliciclastic flysch (Rodgers and Neale. 1963; Stevens,

1970). Slope and basin sedlments {Cow Head and Cur11ng Groups). coeval
with the shelf deposits, occur -as part of an allochthonous package which
wvas emplaced over the shelf sediments dur1ng orogene51s (Stevens, 1970;
Coniglio, 1985; James and Stevens,. in prep.). The shelf-slope

transition was obl1terated by tectonics or obscured by rock cover., The

- allochthonous rocks are capped by a neoautochthonous sequence of Middle

Ordovician to (?) Devonian shallow water and terrestrial carbonates and

%
d ®



siliciclastics (Rodgers, 1965; James and Stevens, 1982). Uplift,
faulting, and exposure on the Port au Port Peninsula during the Late
Devonian Acadian orogeny ‘resulted in the development of karst topography

on the exposed Cambrian and Ordovician.carbonates (Dix. 1981).

The Cambrian sediments of this-stu@y are -part of‘the.extensive
Cambro-Ordovician shallow shelf sequence developed on Both sides oé the
North Amgrican continent, forming a mirror image across the cfatgn
(Holland, 1971). In the west the sequehce"is exposed -from Mexico to the
Northwest Territories in a belt at Ieasg 1100 km wide. Studies of
particular interest have been-conductéd by Aitken (1966, 1978) in the
southern Cariadian Rockies and Palmer and Halley (1979) éhd Mouﬁt.and
Rohland;(198l) in the Great Basin of the wesfern United States._I& the
east a-narrower belt genérally'less than 700 km wide can be traced from
_Alabama to‘Newfoundlahd.(g.g,, Palmer, 1971; Markello and Read, 1981;'
Pfeil and. Read, 1981; Démicco, 1982). The western NewaEHEIAHH ,
succéssion. in additioﬁ té Be;né-the.most'northerly in the Appalaéhians.
15 one of the bést exposed i; éastern North America. Study of exposures'
‘in the central and southern Appalachlans in compar1son is hampered by
discontinous exposure caused by extensive glacial and soil cover;
gré§ter,structural deﬁormat1on;apd a pauc1;y of Cambrian fossils..
CSmbarison of these North American Cambrian_pdlcrops-reVéals lithologic
differences on a det;iled.séalé. ésﬁéciaily'betwéen eastern and westerh

*North Amerlca. but str1k1ng s1m1lar1t1es in the style of cyclicity and

overall dep051t10na1 patterns.
Coa



1.3 PREVIOUS STUDIES T

-The first’ extensive study of the geology of western Newfoundland was
conducted in 1861 to 1863 by James Richardsom of the Géologiéal Survey

of Canada, the results of which wére published in'Loéan (1863).

Schuchert and Dunbar (1934)., incorporating the work of Richardson-
completed the first comprehensive stratigéaphic study of western
Newfopndland, which in turn has provided. the framework for much of fﬁe
later work on prer Paleozoic st;ata. They proposed the name, March
Point‘formation; for Upper Cambrian strata on thé southern shore of.the-
Port au Port Penin=ula between Cape St. Geofge and Big Cove Brobk.(Fig,

"1.2), including within this seiuehce sediments now recognized to be of
Miﬂdleland Late Cambrian age. A structural{y-repeated Middle to Upper
Cambrian section from Jerrys Nose to east of the Gravels was inc}udéd in

\
. their type section of the Lower Ordovician "St. George series".

.
1)

On thg basis of trilobites collected by Schuchert and_Dunbér (193&),
Lochman (1938) ﬁubﬁequentli aivided the March Point formation into the
Middle Cambrian March Point formation and the Upper Cambrian Petit

Jardin formation.

a—
-
-~

Léter mapping projects in western Newfqundland helped déiineate the
_distripution of Middle and,Upper Cambrian §trata but cqﬁtributed Qgry
little to refiniqg the stratigraphy and correlating between areas. Betz
(1939$ defined the.Middle Cambrian Cloud Répids and TreyEon Pond
Formacions in the Canada Bay area and correlated them with the March:

Pdint formation of Schuchert and Dunbar (1934). Troelsen (1947) later

AN



Figure 1.2:

Qutcrop localities on Port au Port Peninsula, western
Newfoundland (modified from Levesque, 1977; Schillereff
and Williams, 1979; James and Steveﬁs, 1982).

-
. . -
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examined the geology of the, éonne Bay area and proposed the name, East
Arm Formation, for Upper Canbrlan limestone, dolostone and shale exposed
along the southwest shore of East Arm. Walthier (1949) in his |
re-examination of the Cambrian and,Ordov1c1an type sections of "Schuchert ~

" and Dunbar (1934)" considered the lower 145 m of ‘the St. George series'to
be part of the Middle Camorian March Point and Uppér Cambfian'Petit
Jardiﬁ’Formations. Lilly (196%) in mapping the Cambro-Otdowicisn strata -
along the,Homber_Gorge and in Goose Arm propossd‘the name, Peogﬁin Cove
Formation, to qesctibe probable Lower Cambrian sediments sxpOSed in

" Goose Arm and thelReluctant Head Formation for Upper Cambrian strata in
the. Humber Qorge. Lock (1969) in his examination of Lower Paleozoic
strata in the White Bay area reintsrpretéd the Cambro-Ordovician Doocers
Format1on (Heyl 1937) to be intermediate between the autochthonous

,,platform carbonates and the allochthonous slope sedlments (Cow Head

Group).

\ Kiodle and Whittington (1965) and Whittingtoo and;Kindle (19%6, 1969)
recognized new éxposures of Cambrlan strata based qn trilobite
discoveries on the Port au Port Penlnsulaf:nd along the Stralg.of Belle__
Isle. Their-work indicated that much of the St.'George type section as
definéd.by Schuchert and'Duobar (1934) is t;ally of Late Cambrisn age

and that strata along the Strait of Belle Isle prev1uusly thought to be

Sy 23

part of the St. George series (Schuchert and Dunbar, 193&) were of

Mldéle Cambrian age.

Smit .(1971) and Swett and Smit (1972) ' re-examined the . .

Cambro-Ordovician shallow-marine sequence and presented the first

- account of the sedimentology and diagenesis of the units, Tﬁey
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recognizea the predominance of shallow subtidal to supratidal sediments
and prsposed'the folloging d;aéenetic,history based primarily en oolitic
gérboﬁa;es on the Port au Port Peninsula: (1) recrystallization; (2)
:fipét‘ﬁqlomitiéacioh; (3) silicification; (&4)-cdlcitization; and (5)
..se;onh holémitiz;tion. - Comparison Bf the Sequence'in western - |
Newfoundland w%th correlative geq}ions in northwest Scotland and c?ntral-
Greehiand revealed stratigraphic, sedimentologic, geochemical and
diagenetic éimilafities suggesting common depositional and diagénetic

histories for these three regions.
. . t

More recent scudies of the Cambro-Ordovician succession have'.
concentrated on detailed mapping and- determining the basic sedimentology
of the sequence. .Th; ﬁewfoundland Department of Mines and fhergy ha¥e

‘undertaken a.stfétigraphiC'maéping program of Lower Paleozd&c rocks'on'
.the Great qu;hern Peninsula. particdlérly along the St, Barbe coast
(Knight.'1977: Knight, 1978; Knight, i9é0a: Kniéhc. 1980b); Canada.Bagl.
(Knight, 1979; Knight, 1980b; Knight and Saltman, 1580; Stouge,- 1981);
and White Bay.(Smyth, 1981 Smyth and Schillereff, 1982) A new'Cambfian
stratigraphy, 1ncorporat1ng trlloblte data collected by Boyce 21977),
was proposed consxstlng of five informal units (Knight, 1977): the
'_Mlcrite Format1on which is correlatlve with the March P01nt Formatlon,.

and the overly ﬁz Lower Dolostone Middle Stromatollte Upper Dolostone

and Cherty Dolomite Members.

Researchers at Memorlal Un1ver51ty have conducted deta11ed
1nvestigatlons of Lower Cambrian to Mﬂddle Ordov1c1an sed1ments
throughout western Newfoundland (Lower Cambrian -- James and Kobluk,

1978; James and Klappa, 1983; Mlddle Cambrian-to Q.ower Ordov1c1an rq-..

14
©®
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Levesque, 1977; Lower Ordovician — Pratt, 1979; Middle Ordovician,

Kléppa et al., 1980).

Levesque (1977) sqmmarized'most of the pertinent literature on the
autochthonous Cambro-Ordovician platform sediﬁents and presented the
first detailed’de§c;iptidns; correlations and sedimentologic
interpretations of the sequence since Fhe work of Schuchert and Dunbar
(i934). He'recognized the cyclic and "high'energy" features of the
Middle and Upper Cambrian.544uence and pr;posed a revised stratigraphy;
tse March Point and ovérlying Petit Jardin Formations on the Port au
Port Penihsula; the Wolf grdok and Blue Cliff Formations at Goose Arm;
the South Head and East Atm Formations at Bonne Ba&;and the'upper Hawke

-

Bay Formation at Hawkes Bay. .A o

1.4 APPROACH TQ STUDY

1.4.1 Objéctives and Database

The objectives of this prbject are twofold' (1) a detailed’ facies
~analysis of the Middle and Upper Cambrlan shallow-marine sediments and
(2) an evaluation of the dlagenetic history of the sequence on the Port .

au Port Peninsula, with spec1f1c emphasis on diagenetic products and

processes in oolites and lime mudstones.

On the Port au Port Peninsula, access1ble sea cllffs and wave-cut
platforms along the southern shore expose a nearly continuous sequence ‘

of Middle and Upper Cambrian }1mestones. dolostones and siliciclastics °



which show con51derab1e diversity of sedimentary textures (Fig. 1.2).
Textural preservation 1s.exce11ent with the sections subJected to only
gentle folding .and minor faulting during Acadian orogenesis. Qutcrops in
areas north and east of the Port au Port Peninsula, particuiarly Goose
Arm, White Bay.and Canada Baj, exhibit increasing dolomitization and
deformation, and decreasing iithological diyersity. For these reasons,-
the outcrops of the Pore au Pere Peninsula.heve been.selected as the
type area and are the maie database for this study. Infofmation fro

other Cambrian'outcrops in western Newfoundland, however, is also .

utilized in the study.
An iptegration of field and petrograehic eeidenqe pfovides the basis
~ ’ g .
for this studf and is sebplemented by cathode luminescehce{QECanﬁing
electron mlcroscopy,and stable 1sotop1c analyses. %ield uofk wae
carrled ‘out in three summers from 1982 to 1984 Stratlgraphxc sections
‘were measured im seven areas ;p western Newﬁoundland: Degras. March

" Point, -Abrahams Cove, Campbebis Cove, Felix to Man O' War Coves on the
. o, ’ v ’ .

Port au Port Pehiﬁéula; east of Isthdué-Bayi and Little Coney Arm in

White Bay (see A}y ndixoB; Figs. B.I,te BE?).'Regonhéissahce work’has
. . : ‘ * . .V., « ® ’ " .
conducted along t t. Barbe roast (from St. Barbe'Bay to Lower Cove),‘

Goose Arm and Canada Bay. Selected outcrops 1n the Cénadlan ?ockles arnd

\' .

Great Basin (central Utah and Nevadp) were also briefly ex§mined.

Each of the-seven sections .was measured uéing'a range pole. Detalled

-

descrlptlons of colour. lithology, and sedxmentary structures’ were made. '

-

using the class1f1cat10n of Dunham (1962). Partlcular attention was pa1d

tolunstylolitized lithologic eontacts,_especiallygbetween fing-grained

ey

limestdqe and dolostone, and the nature of vertifgi facies changes..

.
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Approxiﬁately 600 hand samples were collected and slabbed. SSQ thin
sections were examined after being stained with Alizarin Red-S and
potassium ferricyanide to-differentiate calcite from dolomite and
qualitatively determine iron content{1]. 90 of these thin sections were
polished and examined with cathode luminescence; 35 samples were
anélyzed for their stable iéotOpé content; 10 sample§ were examined
using scanning electron microséopy (SEM). ‘

1.4,2 Organization - ' ' .

Division of this thesis into Parts "A" (Chapters 2-4) and "B"
(Chapters 5-9) reflects the twofold objective of the study. *Part A
includes.the stratigraphy of the sequence and a description of the
provisional lithostratigraphic units. It also deals with vario;s
aspects of the sedimentology of mixed carbonates and siliciclastics,

including major lithofacies, their arrangement into facies sequences,

~ .

possible depositiohal mechanisms, and comparison Qith other North
American examples. . Part B uses the sedimentologic framework to evaluate
carbonate diagenesis on the baSiE 6f field, peirograghic, cathode
luminescence and stable isotope data.  This part'focuseé on: }he )
lithification of fine- and coarse-grained lithofacies, partiZularly
early lithificatiqq; the nature of ooid precipitation and alteration;
the‘origin of parted'limestones: mechanical and chemical.compaction; and

dolomitization.

1. Ferroan and non-ferroan are used herein to indicate whether iron
staining occurs in stained thin sections.
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PART A: STRATIGRAPHY AND SEDIMENTOLOGY

INTRODUCTION

ThHis section is a compilation of the physical aspects of the Middle
and Upper Cambrian platform sequence in western Newfoundland based
primarily on sections on the Port au Port Pen1n5u1a and supplemented by
reconnaissance work in specific aréas on the Great Northern Peninsula,

Canadian Rockies, Utah and Nevada.

Description of the provisional stratigraphicznoménclature used in this
study is provided in Chapter 2. The lithostraiigraphy and
biostratigrapﬁy of the type area along the southern shore of the Port au
Port Penlnsula are, detailed. Lithologic correlations between the type
area and outcrops in Coose Arm, Bonne Bay, White Bay, Canada Bay and

along the St. Barbe coast are also included.

Chapter 3 is a documentatiqp of the spectrum of shallow-marine,'mixed.
carbonate and siliciclastic sedimgnts. Six lithofaéies.'named_on the
basis of the most abundant rock type are recognized:.tl) parted
limestone; .(2) shale; (3) ooid calcarenite;-t&) carbonate;laminiﬁe; (5)
Stromatolite and thrombolite mound; and (6) glauconitic séndstone and
oolite. The origin of parted limestones:cannot be completely explained
by depositional processes anq ismfurther discussed -in ChaptengT A
detailed description of the vériety of ooids is givgn in Chapter 5 and

provides additional information regarding precipitation, deposition and



16

.

alteration of these particles.

The lithofacies are arrgnged into vertical sedimentary assemblages,
__!hisb_axﬁ_described-in Chapter 4. Study of meter-scale assemblages and
large-scale ;ycles'(Grand Cycles). allows interpretation of possible
mechanisms of formation which in turn yield informatioﬁ regarding Ehe
complex interpléy of sedimentation, eustasy and subsidence on a mixed
carbonate and siliciclastic platform. Comparisons of the large-scale

cycles'are_made with selected Cambrian platform sequences iﬁ the

Canadian Rockies: qoutherﬁ Great Basin of Nevada; and the southern

Appalachians. <

TERMINOLOGY . "

This section defines some of the terminology uged in the first part of .
this thesis. Further discussion of the following terms is provided in

Pettijohn (1975), Folk (1974b), and Fairbridge and Bourgeois (1978).

.
.

Bedding . : . o '

-Beds a;e the smallest lithéstratigraphic units and are distinguishable
from units above and below on the basis of colour, minerélogy, texture
. ’ i e
and other physica} characteristics} They are distinct from laminae,
which are less tﬁan 1 cm in:thickness. and partings which are laminae

present between thicker strata of diffeient lithology. Thin-bedded

“units are greater than | cm but less than 10.cm in thickness whereas

thick-bedded units are greater than 10 cm in thickness. Planar beds
have a constant thickness and ‘are laterally extensive, Laterglly

discoﬁtinuou§ beds are nodular.or lenticular and those of variable
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- th¥ckhess are wavy (Reineck and Wunderlich, 1968). "Nodular™ and )

"lenticular" have no genetic connotations.

-

A)

The Wentworth grain-size ‘scale is used to descr1be the dimensions of
sillciclastlc grains and abiotic carbonate particles. Silt-size
. r .
siliciclastics (4-62.5 um in diameter) and sand-size (up to 2 mm in

diameter) siliciclastics, bioclasts and ooids are common components.

~ The terms calcarenite and calcirudite are also used to describe grainy

limestones, the former referring to sediment of sand-size calcite
partiéles and the latter to sediment of calcite particles larger than

~sand size.

1

Carbonate beds are compésed of limestone and/or dolostone. Limestones
. vary from lime mudstone to.floatstone (sensu bunham. 1962). Muds and
mudstonés (aiso "muddy“) in this thésis ref;r to carbonate mudS'.
unlithified and 11th1f1ed mud—51ze 51lic1c1ast1cs are deszgnated

siliciclastic muds and shales respectlvely. Usage of the term

"nudstone” in th1s study departs from Dunham s (1962) orlg1nal

def1n1tion and has been broadened to 1nc1ude 11mestones composed of

)

crystalline calc1te-w1th less. than 10 z part1c1es -The term neospar ié',

]

»applied to crystalllne calcite fdrmed by neomorphlsm of finer- textured

carbonate (N1chols 1967) which, accord1ng to Folk (1965% can be divided

o
-into micrite (less than 4 pm) m1crosgar (4-30 pm) and pseudospar

(greater than 30'pm). The same appnpach was used by C0nlglio (1985) to

describe fine-grained carbonates in thé Cambrd—O;qbvié{an Cow Head Group; )

')

in western Newfoundland.

Thin-bedded to laminated liméstone interbedded with shale and/or;.
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dolostone partings to thin-beds are volumetrically important. In this

study, the term parted limestone (Aitken, 1966).is used to describe _
‘these rocks and has no connotation of relative limestone, shale and
dolostone thicknesses. This definition ihcludes fitted, nodular and

ribbon carbonates.

 Depositional Environments and Paleogeography

Intefpfetations of depositional environments and paledéeography
Qresented in the first part of this thesis require claffication of some
terms. The following definitions, except for shelf and tidal flat, are

also used by Aitken (1978).

14

Shelf is thgt par; of a cqntinenﬁal margin situated between the
cratonic shofeling and the slope and does not imply water depéh., It is
generally ééctonically Etable‘and undergoing slow sﬁbsidence. Platform
is a depositional.term, réferring to a region of the shelf which has |

remained under shallow-water conditions.

Ancient carbonate platforms bhave three commonly recognized,

——

components. Cgrbonate sand shoal complexes include subtidal, intertidal
and supratidgl carbonates depSsited in a high-energy area. Lower-energy
tidal flats may be deposited in the lee of these shéals,or at the
cratonic shoreline_(see Jameéz 1984). Tidél flat deposits include a
spectrum of genetically-related shallow subtidal, intertidél an&
supratidal, generally fine-gféined sediments. Similar sediments are

also deposited in intrashelf or inshore basins which lie between the

shoal complexes and the cratonic shoreline (e.g., Aitken, 1978; Markello

and Read, 1981).
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Chapter 2

STRATIGRAPHIC FRAMEWORK

K

2.1° INTRODUCTION

The Middle and Uppeg Cambrian pl&tform sediments in western
Newfoundland have long been viewed as a complex package of strata

fraught with stratigraphic-and correlation problems..”'Recognizing these

difficulties, past workers have generally proposéd a separate
stratigraphic terminology for each study area with few attempts at

)
regional correlation. Several different stratigraphic classifications

-

have been proposed since the work of Schuchert and Dunbar (1934;

"reviewed in Appendix A).but have not been formalized apd'd9 not conform

with guidelines set out in the North American Stratigraphic Code ¢1983).

Consequently.'considerable confusion still exists regarding the

'stratigraphy of these rocks; the criteria for establishing strétigraphic

boundaries and nomenclature; and the degree of correlation between -

outcrops. ' B ‘ .

'
Y o

Synthesis of studies conducted by the Newfoundland Department of Minés.

and-Eﬁergy in the Great Northern Peninsula, work by Memorial University

- in south-central western Newfoundland (refer-to "Previous Studies") and

research from this study on the Port au'Bort Peninsula enables -
L 4 " e ’ .
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refinement of the existing stratigraphic nomenclature.

The following is a description of the provisional lithostratigraphic
units used in this study and is eventually intended to be a formal

-proposal of revised stratigraphic nomenclature.:

O

2.2 PROPOSED STRATIGRAPHY

-

The autochthonous strata of Early Cambrian to Middle Ordovician age
<‘have beén divided into four groups: (1) Lower Cambrian Labrador. Group ‘
(Schﬁchert'apd Dunbar, 1934); (2) Middle to Upper Caﬁﬁrian Pért au Port o
Group (provisipnal. this study); (3) §t. George Group of mainly Eafly
Ordovician age (Schuchert and Dunba{, 1934; Knight:and_Jamés. in prep;);

and (4) Table Head Group of Middle Ordovician age (Klappa et al., 1980). - !, :

2.2,1 Lithostratigraphy

The Port au Port Group is compused of two repeated lithologic
packages: (a) a recessive, thin-bedded sequence of silty limeétone and
‘dolgstone githishalgs present as thin beds or partidgs~in.;ﬁé'-'
éarbqnétes and (b) a resistant sequence of thick-bédded 1imest6nes'énq
dolostonés coﬁposed mainly of ooid grainstones and laminated

dolostones. These distinct lithotopes provide the basis for the

subdivision of the group on the Port au Port Peninsula. _ ¢

‘'The succession is divided into three formations (Fig. 2.1) which in

aSjending order are: (1) the March Point Formation, ‘a unit recognized in

~



Figure 2.1:

0

21

-Composite stratiéraphic'section of the Port au Port Group

type section from the Port au Port Peninsula, western
Newfoundland. Trilobite zones are indicated on right
(references provided in text). Arrows point.to
approximate location of_trilopite'samples.
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w.

-

all ageas and composed of distinctive, grey and tép weathering,

_mudstones and dolostones, with minor grey shales, ooid grainstones-and
.- . “a . .

glauconitic sandstones; (2) the Petit Jardin Fdrmation; a complex:.

sequence of ooid grainstones, laminated dolostones and stromatolites

with interbeds of mudstgnes, dolostones and shales that varies greatly

from area to area; and.(3) Eﬁe.baterally extensive Berry Head Formatidn,
-~

composed of interbedded dolomitized oolites and stromatolites, and
; . B

lao®nated dolostones. The terms "March Pofnt" and "Petit Jardin" have
been used and revised by previous workers ‘but are more strictly defined

in this new nomenclature. A historical review of the stra;igrappy is
w_‘ !
given in Appendix A and Table 2.1. -

; 3 ' .
On the Port au Port Peninsula, the Petit Jardin Formation is further
divisible into five members which in ascending order are: (1) the Cape
v ] - a

]
Ann Member -- thin-beédded mudstones and shales punctuated by

stromatolites and thrombolites and minor ooid grainstones; (2) the

- Campbells Member -~ ooid grainstones to packstones interbedded with

.

laminated dolostones and stromatolite and "thrombolite mounds; -(3) the

Big Cove Member -- thin-bedded mudstones and shales and minor ooid

gr;:hstones; (&) the Felix.Member —- dolomitized ooid grainstones and

[ : )
‘packstones and laminated dolostones’ punctuated by algal mounds and- (5) .

the Man Q' War Member -- thin-bedded mudstones and dolostones with
abundant flat pebble conglomerate horizons and stromatolite hnd.
thrombolite mounds.

‘N

 2.2.2 Biostratigraphy R -
. ’ f : ¢ . )

Trilobites collected Sy various workers since the study by Schuchert

4
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and Dunbar (1934) have permitted.the Port au Port Group to be dated more
precisely (Fig. 2.1; Appendix A). Lochman (1938) rqcogniéed'that all rhe
trilobites represented beiong to the North American faunal prdv;nce and

could be correlated with standard North American faunal zones. Studies

- by subsequent workers (Kindle and Whittington, f96S;IWhittingtoﬁ and

Kindle, 1969% Palmer, 1969: Boyce, 1977, 1979; Levesqug,j1977: Stouge
and Boyce, 1983) have shown the strata to be of late Middle Cambrian to
Laté Cambrian age and have provided sufficient information to date the

various components of the sequence.

J

The March Point Formation and Cape: Ann Member contain trilobites of

the Bathyuriscus-Elrathina and Bolaspidella zones indicating a late

Middle Cambrian age (Lochman, 1938; Levesque,h1977} Boyce, 1977; Boyce,
bers.' comm., 1984). Trilobites collected from the lower half of the

underlying Hawke Bay Formation indicate a latest Early Cambrian age

Eonnié—Olenellus zone (Boyce, 1977; Levesque, 1977). To date, no fossils

from the'ihterVening Plag}ﬁra-Poliella. Albertella or Glossgpleura‘zones

. . .o -
(early to middle Middle Cambrian) have been discovered suggesting that

either the upper part of the Hawke Bay sandstones is partly of Middle -

Cambrian age or a hiatus (the Hawke Bay Event) is represented by the

.

Hawke Baj—March Point contact as suggested by Paimér and James (1979).
, P . _

Trilobites é@l ectéd from the Petit Jardin Formation range from the

*" . Cedari#'to Taenicephalus zones of Upper Cambrian Dresbashian to eariy'

Franconigﬁ stagés (Lochman, 1938; Troelsen, 1947; Levesque, 1977). Five.

of the ten zones“(thg top of the Crepicephalus zone; the Aphelaspis,

'Dicanthohige'and Preﬁous;a zones; and the base of the Dunderbergia zone;

Le&esque, 1977) are condensed into an 8 to 12 m interval near the top of:
& - o , .
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- the Felix Member indicating that a significant depositional break and/or .

—

interval af condensed sedimentation occurs near the
+

Dresbachian-Franconian ‘boundary.

No zone fossils have been collected from the Berry Head Formation to
date.. . The uppermost beds of‘the unit, however, have yielded conodonts

indicating a latest‘Late Cambrian age (F. O*Brien, pers. comm., 1983).

2:3 REGIONAL VARIATIONS AND CORRELATION

[

L

The three formétions’of the Port au Port Group as defined on the Port

v

au Port Penlnsula can be correlated between Outcrop areas along the west .

-

coast of Newfoundlend (Fig. 2.2) based upon evidence from this study;

work of .the Newfoundland Department of Mlnes and Energy 1n_thg Great

.Nortberh Peninsulajand de;ailgd'stratigraphic, sedimentologic and

paleontologic studies by Memorial University (see "Previous Studies").

The March P01nt ‘and- Berry Head Fo?mat1ons are recogn1zab1e‘1n all
examined areas, from the Port au Port Peninsula to Canada Bay and the
St. Barbe coast. The Harch Point ‘'Formation has a relatively unifornm :
litholqu.'with the exc;ption of the section at Gooée Arm where it is .
composed mainly of ooltti;.and oncolitie limesténe.‘ The Berry Head )

Formation shows no significant lateral variation in lithology but does’

. show a thickening'.of approximately 50 m at the White Bay section.

The Petit Jardin Format1on, however, is more complex and members- that

are recognized 1n one area cannot be correlated wlth members 1dent1f1ed :
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Figure 2.2: . Corfélatig’m of strat-ig'raphit sections of the Port au Port
Group. Legend of symbols is given in Appendix B.

w®

L
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. in another area. The five members defined on the Port au Port

Peninsula, for example, cannot be traced to Bonne Bay or Canada Bay,

although the formation in all three areas contains the same two

large-scale lithologic assemblages.

3

[

"2.3.1 Bonne Bay

Similar to the Port au Port Peninsula the Petit Jardin Formation at

Bonne Bay consists of two recurring assgmblages: (b).thinly bedded
mudstone and argillaceous-doloéeone interbedded wiih ootd-intraclast
grainstone, ﬁ{at—pébble conglomerate, stromatolites and shale (up to [14 .
m thick): and (2) massive to thick-bedded dolomitized oolite and
laminatCQ'aolostone with occas{onal stromatolités. intraformatiopnl

conglomerate and shale partings (35 to 75 m thicé). The thin-hedded

- assemblage at Bonne Bay, however, is much.thicker than that on the Port -

[}

aﬁ'EortvPeninéﬁla.

d -y
et

2.3.2 Canada Bay (Shelly Whites Point Section) |

The Petit Jardin_Formation at Canada Bay is also Eomposéd of two
alternating assemblages: thin-bedded dolostone and dolomitic shale

. g
(30-60 m thick); and thick-bedded, mottled dolestone and dolomitized

stromatolite horizoﬁs with minor‘laminated'dolostone ;;d shale (25-30 m
thick). The first is arranged-in small cycles, 3f5.m in thickness;
thch from baselfo‘top ére: (g) grey‘dolarenite and mottled dolostdne;
" (b) tan weathering..thin-bedded dolostone; (;)_lamigated dolostone,
cémmonly cryptélgal: and (d) 513ck shale. Suﬁaerial features s;ch as
:desitcétion cracks and fenes;ral pdros&ty are common in the upper part

- {



31 R

of each assemblage. The cyclical, nature qf these two assemblages is

reminiscent of that documented oﬂhfhp Port au Port Peninsula and at

Bonne Bay (detailed descriptions are given in Chapter 4).

-

2:3.3 St. Barbe Coast
(V]

¢

The section of the Petit.Jardin Formation along the St. Barbe, coast,

- -

65 km (present déy) to the northwest of Canada Bay, consists of
discontinhoué'coastal exposures from St. Barbe to Lower Cove. The

formation is composed of thin-bedded doloétones. dolomitic shales,

extensive stromatolite horizons, oolitic and intraclastic dolarenites
- . ' . . - . .
and mottled dolostones. Desiccation cracks, fenestral porosity, ripple -

cross~laminations and bioturbation are common.

© 2.3.4 White Bay

At the Little Cdney Arm section in White Ba*,bnly the upper 330 m of

1

the Port au Port Group is weiliexgosed: the Berry Head Formation and the
uppermost part of the Petit Jardin Formation. The Berry Head Formation ;'

is approxiﬁately 255 m thick, 50 m thicker than in most sections to the

>
. . . ’

soutHd and wést. The sequence is composed preﬁomiﬁantly of, light grey,

.massive to laminated dolostone with abundanc;modffhpks and ripple

-marks. ' ‘Mottled and patterned dolostones are also common along.with

i minbr-stromatolitic horizons. Rhyllific and shaly beds of .the Petit. .

Jardin Formdtion-are present in.the?lowe; 75-m of well—exposed strata.
The underlying rocks are poorly exposéd and appear to be mainly

’
I3

-dolostone..

-
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* 2.3.5 Goose Arm

» ° The Petit Jardin Formatioq is composed of massive to laminated,

'medium—'to coarse-c;ystaliing dolostones showing some relic oalite -

'.'textureg‘éhﬁ minor cryptalgai mounds. Cyclical assemblages occasionally
intérrupg“the séquénce and are compose& of: (a) basal dark grey,

ooidédntfadlast-érainstone, 0.5-1.0 m thick: (b) thin-bedded mudstone

- *

=4
-and dolostone, 0.5 m thick, which shows an upward change from flaser to

wavy to, lenticular bedding; or stromatolite and thrombolite mounds; and

(c) brqyn—tép'weatpering} laminated to'thip-beddeq. mudcracked

doloséohe,.O{S—l.O m thick.

Based on these six areas, outcrops of the Petit Jardin Formation -can

be divided-into two parallel southwest-northeast trending facies belts
' 4

‘(Fig. 1.1): (1) an easterly, predominantly carbonate belt which includes

'outcrops_ffom White Bay and Goose Arm and (2) a westerly belt of mixed.

v

carbonate and siliciclastic sediments. containim,sections from the Port

au Part Peninsula, Bonne Bay, Canada Bay and EhedSt. Barbe coast.

¢



33

Chapter 3

DEPOSTTIONAL SYSTEM®

3.1 INTRODUCTION

LS

The succession of carbonéte and siliciclastic sediments of the Port au

Port Group has been interpreted in prev1ous studies as representlng

-

depositlon on w1de tldal flats and adJacent shallow subt1da1 to'
supratidal carbonate shoals (Swett and Sm1t, 1972 _Levesque, 1977:
Knight,"d980b). This study agrees with these 1nterpretat10ns but
detailed examingnion further reveals that the sequence is composed of a
spectrum of depositlosal features that records a complex 1nterplay of
submarine and subaerial conditions on the Cambrlan platform. On the
'basis of'lithologyt the rocks are divided into two,assemblages that .
reflect two'distinot styles.oﬁ sedimentation: one cOnsfst; of chinlyﬂ
interbedded.'fine—grained siliciclastics smd‘carbonates and the othep
.consists predominantly of thdck—bedded'carbona:es (lithofacies are;
sqmmarized‘in Table 3.1). This two—fold.divis%on p%opides tme frsme;ork4
for anelysis of the sedimentology and.the development of-facies models
for mixed carbonace and siliciciastic sediments in genefal,f This;' |
analysis in turm_yields information.rEgarding’the nature of -tidal

" : DU . ) o .
activity; eolian processes; climatic and weather conditions (espeéially-
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LITHOFACIES

STRATIGRAPHIC
OCCURRENCE

-4
+  LITHOLOGY .

810TA

DIAGENESIS ¢

-

IXTERPRETATION

.

!
- .
' ) [.
Lo TABLE 3.1: SUMMARY OF LITHOFACILES
. ‘ (\
. . N

PARTED LIMESTONE . SHALE - )

March Foint, Grey: Cape dnn,

Cape 4Ann, Big Cave Mbrs. .

Big Cove, Variegated: Caspbells,

Men O' Var Felix Mbrs,; Berry °
Mbrs, Hesd Fa,

rd . v

o

Pl’(l!d limestone, Calcareavs or

" (lat-pebble dolomitic shald;
congtoserate, ainor comsonly micaceous,
oaid & bioclast : .
calcarenite.

L J

’

Id .
1~2'® packages of 0.05-1.0 a thick.
parted limestone;
conglomerate and
calcarenite, up to -

30 cs,

Fissile; sudcracks,
trace (ossils.

Nodular to thin-
bedded, Upvard
chafijes from ripple -

© cross-laminated to . '&

floser, wpvy, & .
lenticular bedding.
Gutter casts, muderacks,
and trace {ossils,

Echmoderls“,
trilobites,

phaosphatic
bu:hxogo-is.‘ e

Hardgrounds, Compactiun,,
dolamtization. ’ B
.« . T

#oddy tidal {lat.

001D CALCARENITE

Campbells, Felix
Mbre.; Berry Head
fum, .

’

Grey oolite;
brown oolite.

+
Grey wvolite:
0.3-0.9 4 1thick;
brown volite:
0,.5-3.0 & thack.

Ripple to megnt
ripple forms,
herringbone cross-
bedding. Intraclasts
and sudcracked beds

-1n browa nolite.

}

]
Echinoderas,
trilobites,
phosphatic

< brachiupoda,

Hardgrounds,
dolumitization,
atlicificatiun.

- .
[y

CARBONATE LAMINITE

Campbells, Felix
Hbrs,; Berry Head
tm. . -

Laainated dulostone
and audstone,
patterned dolustone,

A]

0.5-1.0 & rhick,

Lasinated to thin-
bedded. Mudcracks.

prisa cracks, tepees,

fenestrae. o

Karst,
duluaitizat jon,

tyid >and dhosl Geples.

STROMATOLITE 8
THRUMBOLITE MOUNDN

Throughout Part
au Port Gp.

‘Limestone or
dolusitjzed suunds.

0.151.0 m 10 helghe;
0.1-2,0 a yn width,

Varsable suund
sdrphologye
hesispherical ta
digriate farms,

Echinoderas,
trilobites,
Girvanella,
Renalcis(?).

.
Rarge,

dulusitizatiun,
silharfrcation,

GLAUCUNITIC
SANUSTUNE. & €O I TE

March Putnt Fa,;
Campbells, telio
Murs.; Berry Head
Fa.

.

Glaucunitc,

. calcareous yuartz-

orenite ond wub-
orhose; arenasceous
calcarenite,

Lotal uccurrences

T of glauconite &

qusrtz sand grains,
Ubiquitous shlics-
tlastic sl

0.0-1.6 & thick beds,

Ioterfesenie C1pples,
ripple cruss-bedding,
tunzelmathen, tiace
fosails, i

Litinficaton,



storm activity); and water circulation and chemistry on the Cambrian

- platform.

-3.2 PARTED LIMESTONES

'3.2.1 Description |

This lithofacies includes two interbedded litho‘togies which exhibit
‘simila} Sthurnl features (Fig. 3'1)' type (1) — jthinly interbedded

limestone and dolostone (Plate la, b) apd type (2} -- intimetely

-

interlaminated to interbedded 11meetone dolostone and shale (Piate lc).
The term, parted limestone, is a cohvenient.epithet used in tﬁe field to
describe these rock types (Aitken, 1966).and is synonymoué with the
term, ribbon rocks; commonly used to describe the Cambrian of the
southern -and central Appalechians (Waniess. 1979; Demicco, 1982). Tﬁe.
rocks range from thin beds qfvargillaceous limestoné with shale or’

) dqlomitig partitgs to'sﬁale or-delostone with sbee minor limestone
lenses, * Also included w%thin'this iithofacies'are thin-bedded, ripple

~ cross- laminated limestones whlch lack shﬁle or dolostone thln-beds and
partings. " These catbonates and shales comprise 1-2 m th1ck packages
.whlch have domxnantly llmestone at the base and grade‘upwards to shale'

and/or dolostone at the top (refer to Chap. 4: Plate 2a, b) Detalled

~>petrography of parted llmestones is presented in Chapter 7.

e
i,

The grey-weathering limestones vary from relatively continuous thin
.. beds to very discontinuous horizons eOmposed of irregularlyvshaped

B leqses_and nodules. up to 5 cm thick. They are mudstone to pgloidal

oy

.
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. Figure 3.1; Schematic.diagram of type 1 and type 2 .parted limestones,

- "and types of bedding in parted limestone.
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wackestone and packstone with ubiquitous angular, silt-sized quartz Y4

grains aﬁ&'minor glagc;ﬁite‘particlgs'add mic;;. Plaﬁar cé-gﬁpﬁl% o
cross-laminations; symmetrical ripple forms{“ioad andféaECet casts;
cgmpaétion feqtdres; and'mudcracks can‘be seen in cr?ssé§ection. Com
" Bedding plane features'include‘interference ripbles,‘run%elmarken and "~ ¢
desiccation polygons.' A variety of ichnofossils, mginly horizontal and .

- ) § o - . Q
vertical burrows, surface traces and possible vertical borings (refer to

Chap. 7; Richards, 1984) are alsp  commonly preserved (Plate le).

Shaly and dolomitic interbeds are up to 5 c¢cm in thickness and due to
differeptiélf;éathekipg commonly impart a plé&y:appearance to the parged
iimestpne."These.interbeds are laterally céntinuous{ draping ovér

‘ T
limestone beds and nodules. Shale beds are dark grey on fresh surfaces
énd are commonly calcareous. The dolomitic Qéds, mediﬁm gre&,in colour

) :
on fresh surfaces, weather a distinctive tan colour and-are generally

composed of ferroan dolomite in an argillaceous matrix. The shales and
., aw- « .

dolostones, which have abundant.quartz ang feldspar silt, are generally

lgminéted and also drape over the limestone layers. Mudcracks and

delicate trace fossils are.commonly preserved on both top and bottom

.

surfaces.

$equeﬁ&es‘of parted limestone beds are frequently punctﬁated_by

stromatolite and thrombolite horizons(Plate 6a, c); conglomerates; ooid

.calcarenites (Plate 3d): and lenses andﬁ}hin beds of bioclast

. calcarenites and cal¢irudites containing trilobite,. echinoderm, and
N ) P T ' T ' ° L,

'phdsphatic brachiopod fragments, and rare oncoids.

. Coﬁglomerates,ape the next most abundant lithology in this lithofacies
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after o;rtedvlimestohe. They are interbedded witﬁ.all Lypes of pafted
limestone and occasionally with grey oolite. The most common type is
flat-pebble conglomerate, which. occurs in thin beds and lenses, .up to

Y B .
s&veral tens of metersin Tateral extent (Plate la; 12a, b). Beds
characteriséically have planar bases and-convei upward top surfaces,
although some have erosionallbases. ‘?hey arg composed of angular to
'well,roundéd, taoular ¢lasts up to 20 cm in diameter and 2 cm in width.
Clasts are of ;oriable composition: rénging fgom laminated mudstono and
peloidal pa;kstone to bioclast—intraclasf packstone to wackestone and

occasional algal boundstone. They are edgewise to horizontally disposed

~.and are commonly cracked and bored. Although generally enclosed in -~

-
-

,bioclast-intraclast‘packétone to wackestone matrix and rarely in
dolomitizéd siity mudstone, grain-supported conglomerates commonly show
excellent shelter porosity that is now occiuﬂed_by coarse calcite
"-cement. Matrik—oupported conglomerates with angular, equant clasts are

rare.

Pafted limestones ate the ma jor elements of the "shaly" members: the
March Point Format1on and the Cape Ann, the Blg Cove and the Man 0' War .

MEmbers. Each unit, however, has distinct textural features. \-

. . . -

March Point Formation. Parted limestones in the March Point Formation

are ‘primarily of type 1 and are characterized by a%uniform sequence of :
interbedded to interlaminated layers or nodular beds of 11mestone and
. partings_to thin beds oﬁ.;an weathering dolostone. Only minor horizonms
:of type 2 partgd limestone, 2 to 5 co‘thick. are present, Excellent

horizontal to vertical trace fossils are -pr&s€ived (Ricﬁgrds, 1984) and

- only minor mudcf%cks are observed. The formation is generally

-
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characterized by the absence of algal mounds, altﬁough one thin horizon,

is seen in the vicinity of Campbells Cove on the Port au Port Peninsula.
~ . s

Cape Ann Member. Parted limestones of this unit are mainly type 2,

thin-bedded limestone and dolostone with thin beds to'partings of
calcareous black shale. All variations from dominantly limestone beds

" to dominantly shale are present. Excellent limestone stromatolite and

-
-

thrombolite horizons (e.g., up to 8 m in height at the Cape St. George
"Qsection) are well pfeserved; Runzelmarken, mudcracks and red and green
shales present in the upper 7-8 m of the member accompany a decrease in

the grey shaleAcontent of the'parted limeston®.

BigﬁCové Member, Parted limestones of the Big.Cove Member are iainly

type 2 but are characterized by a variation in compositiom-from the base
of the'member'to'ﬁhe top. The lower third of the unit is parted

1}

limestoné intefbeddgd with ooid grainstone, algal mound horizons and
ﬁflét—bébble conglomerates showing’the géadual'traqsition.from the
 uhdgr1ying‘Caqpbe11s Mehber.‘ParEed limestone in the middle third of the
-uﬁ£t7“p;9riy exposed because of scree, ié‘a range of lithologies;from
‘dgminantly limesFope'to-domiﬂéhtly shale. Abundank runzelmarken and
;kip aqg.bouhce,éasts are greéeﬁt‘and_glauconite. phosphatic and qu;rtz'
 éand graiﬁs éré‘common. 1A significant decrease in the percentége of.

. shale océurs_in thé upperiportioﬁ4of the member, resulting'in parted
iimestohe‘comépsed o{lintefbedded limest&ne and dolostone with only‘
minor pr@illaceous partings (type 1) and well developed gutter casts and
mudcratks. This upper lime;tone éradugllyfﬁébomesnmo;e ientiéulariy

,Beddeq upwan@s.with an inerease in the proportion of dolostone
intérséds.' ) |
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Man 0' War Member. The Man Q' War Member, characterized by type 1 parted

limestones, exhibits a wide range of lithologies varying from dominantly

dolostone wigh minor limestone lenses to dominantly Pimestone with

dolostone parfings.' Runzelmarken preserved 6n bedding planes, and

mudcracks are common. Frequent interbeds of grainstones, large algal

mounds and thick flat-pebble conglomerates give rise to a highly varied

<

assemblage.

Minor horizons of parted limestone, less than 1 m in thickness, are

present -in the upper half of the Campbells and Felix Members.” Those ip-
the Felix Member are identical to the above described rocks: those in

the Campbells Hember have the same fabrics but are composed of

interlaminated ocolitic quartzarenite to arenaceous ooid calcdtenite and

" dolomitic mudstone. Mudcracks are abundant’ throughout.

3.2.2 Interpretation

In the ifterpretation of parted 11mestones, the rerat1onsh1p between
the }limestone and dolostone of type 1 must f1rst be con51dered There

are two p0551b1e 1nterpretat10n5' (1) the th1n bedded nature of parted

M2
limestones is predominantly a primary:sedimentary feature {e. g.,

Levesque, 1977; Pratt, 1982 Demicco, 1982) and (2) the limestone and

doLostone beds are ;be result of secondary d1agenet1c processes

e

unrelated to dep051C1onal textures, such as pressure solution,. which

_'concentrated 1nsolub1e compontents .and prec1p1tated dolomite to form*

th1n—bedded straCa from or1g1na11y homogeneous limestone (togan and

Semen1uk. 1976 Wanless. 1979) -
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The first interpretétion appears 'to be the more plausible in light of
.the following observetions: (1)'sediﬁehtany seructufes such as ripple.
" forps,. planar éhd‘ripple cross—iaminations'and gutter casts ere
preserved in cross-section in the limestone beds: (2) delicate
struetureé such as runzelmarken and horizontal trace fessils can often
be 'seen on beddirg planes; (3) ﬁudcracke and eerrows are commonly
preferentially dolomitized; (4)~doléstone beds or partings in which
planar to‘wavy laminetions are'presefved show draping over ripple forms
and infilling of.treﬁghs in the limespone beds: (5) interbedded
limestone and dolostone beds exhibit textures similar to interbedded
limestone and shale horizons; and (6) only vertical changes in the
comgosition of the parted limeepones'have been observed. Similar

evidence is presented by Levesque (1977) .and Demicco (1983).

Parted limestones are texturaliy identical to flaser, wavy and
1ent1cular bedding in modern s111c1c1ast1c sand and mud vidal, fldt
sequen;es (Relne;k and Wunderl1ch, 1968) and thus are interpreted te be
their carbonete equivalents (Fig. 3.1): gl) flaser bedding -- ripple
‘cross-laminated saed in-which hud‘streaké-are béeserved in the troughs
but 1ncomp1etely or not at all on the crests, (2) wavy beddxng —
1nterbedded mud and rlpple-cross lamlnated sand in whlch the mud Iayerq
cover the ripple troughs and crests; mud generally fills in the troughs;
" and (3) lenfg;ular bedding‘L— similar to aeove forms but in which the
‘ripples or ienses are verticallv and laterally discontiﬁhous;. Other
'w0rkers. such as Levesque (1977) and Demlcco (1983). have drdun similar

conclusions. - Demlcco (1983) prov1ded a detalled descrlptlon of Upper

LI
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Cambrian tidai flat deposits and comparison with the Nbrth Sea. The
March ?oint Formation is composed mainly of wavy-bedded limestones
'wher;Z§ theiéape Ann, Big Cove and Man O' Wa; Members show wavy and

lenticular bedding and only.hiﬁor'flaser bedhing and ripple

.cross-laminated limestone.

1)

f Type 1 and 2 parted -limestanes show similar sedimentary featuges and
are often‘intiMateiy interbédded sugges ing that both lithofacies were
deposited by the same procesﬁes.. The absence or presence of shale
reflects varying siliciclastic input and does not .appear to affect the .

style of sedimentary structures.

" Flaser, wavy and lenticular bedding are interpreted to be tidal

features in which alternating layers of éand—éize particles and mud vere’
deposited during alterﬁating periods of tidal curfeptféctivity and )
quiescence. Tidal flats of the North Sea are an excellent modern
Eanalbgue (Reineck and Singh, 1980). The ripplé crosg—laminated
iimestones. interpreted to have been deposited under peak ebb and flood
tidal.curreats. aré now mainly mudstone. §ediment éransport mechanisms;
however, d}ctafe that ripple formation occurs in fine'silt to coafse
"sand (Harms et al., 1975). This suggests that the limestone bedé weré

originally grainy and that the grains were destroyed during compaction

and/or later diagenesis (Shinn and‘Robbin, 1983).

In contrast, the fine grained dolostones and shales show laminations
"draping over ripples and filling in irregularities in the limestone
beds, suggesting that they settled out of suspension-during periods of

high slack tide (Reineck and Singh, 1980). THE dolostone heds were

v
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.originally mudj’epe horizons that were subsequeﬂtLy dolomitizea \-'ithU
fabric preservatiqgn,. Hawley (1981), hogever. indicated that mud
depo;ition by tidal activity could‘not-compietely account for the

_thitkness tnd erosional resistance of- mud bedé.in flaser bedding.
Demicco (1983) suggegted thatvmudstone interbeds may have been in large

part originally peloidal muds that were deposited during slack tide.

The different types of bedding in the parted limestone lithofacies

cottéin eVidepce for varyipg dégrees of subaerial expoéure. Ripple
—cross-laminated limestone ang flas;r tbedding generally show no evidence
of subaerial exposure and thetefore are interpreted as subtidal to

" lowest intertidal features.. Wavy bedding is-qf'rélatitely uniform
tharactér with abundant trace fostils but may exhibit subaerial exposuré-
téxtures. 'Fot example, few mudcracks are present in the March ?ointi
Formatioﬁ whereas,mudcrﬁcks and runzelmarken are well develoéed}tn the
Man O' War ﬂember. These are ‘interpreted as upper subtidal to lower
intertidal, and intertidal sediments respectively. Ihe lenticular
bedded horizons, whlch commonly grade up from flaser ang - wWavy heddlng,
have dessication cr?cks,_runzelmarkgn. and other subaerial exposure
Tfatrics and so are intbrpretea to be'uppermost intertidal to supratidal

deposits. : : o . .
‘deposits o ‘ .

in'modert tidal fléts.'flasé},‘wavy and lenticular hedding have been
observed in many tidal flats that have a mesotidal (2 to 4 m; e. g
North Sea, Reineck and Singh, 1980) to macrotldal (greater than’4 m;
Mont Sa1nt-M1che1 Bay in France, Larsonneur. 1975) tidal range. It is
also notable that bedding in many modern tidal flats is often destroyed

by bioturbation and only in the subtidal‘is the sand-mud layerfng.
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preserved (Weimer .et al., 1982). Applying these observations to the Port

au Port Group; it is proﬁosed that: (1) the 1-2 m thick packages of

parted limestones suggest at least a mesotidal tidal range (see

"Discussion”) and (2) bioturbation was not extensive as evidenced by the

bresér&atfbn of bedding in subtidai. inteytidal and supratidal -

1
sediments. Bioturbation; however, may have been instrumental in the

. A . ' .
disruption of some type 1 parted limestone$ to produce nodular limestone

layers (refer to Chap. 7).

The relationship between types ¢f beddiﬁé and the subtidal, intertidal
and supraiidal areaé of a tidal flat.is not well defined in modern
siliciclastic enviroﬁments; lenticular and fiase; bedding, for example,
may Be common to both subtidal and intertidal facies (Reineck, 1975). |

,Bedding is strongly influenced by sediment supply and energy range,
ihdica;ing‘;haﬁ silicfhlastic,s;nd and-mdd percentages may not be
indicativg of specific facies (Weimer et.al‘. f982). In cérbonate- L
enviroﬁments, a more continuous supply of carbonate sand and carbonateé
huq (when there is a paucity.of sil@ciclastic‘mud) from a probable

‘ “spbtidélwsdurce (Ginsburg, 1971; J;ﬁes. 1984) suggests that varying‘-
-

sand/mud ratios reflect to a greater extent energy conditions and thus

are more indicative-of tidal flat subenvironments.

. The lack of evidenée for tidal channels or éhannel-fiil in parted
'lﬂpeSCOne suégests,that channels in the Cambrian tidal flat were either

notApreserved';r never existed. Tidal flats of northwest Andros Island

in thelBahamas are cut by extensive channels ;hat comprise apprbximately

14 T of the entire cqmple£‘(5hinn. Lloyd and Ginsburg, 1969; Hardie and

~ Garrett, 1977a, b). Tidal flat complexes of the Trucial coast

~



. embayment in the Pergian Gulf are similarly dissected by tidal channels

(Bathurst, 1975;'Sc heider, 1975). Reworking of channél deposits by

tidal processes suggests that the preservaton potential of'thesg-

deRPsits is poor. 'Sf%iciclastic tidal flats in the Gulf of California,

in contrast, are charééterized.ﬁy the relative absence of tidal

chanels.’ Thompson (1973) intérpreted the lack of channelling to be —lgp

related to the insignificant development of barfier islands, which

permit tigal currents to flow uniférmly énd.unrestricted over the

flats. This results in deposits lacking both signific;nt upward-fining

sequences, and lenticulér,.wavy ahd flaser bedding.' Comparing these

moderr tidal systems to the Port au Port Group, it is suggested that the Aﬁll

Bahamas and Persian Gulf are the best modern analogues and that-thd

Cambrian tidal fl;t was cut by_channei systems that were not preserved
in the rock record. ' L a ' B

Flaw-pebble conglomerate beds and lenses in parted limestone generally .-

lack an erosive lower contact and thus cannot be interpreted as channcl

depogits. The pregence éf'thege.conglomerates sporadically throughout
the tidal flat sedimeht; in’éssocia£ion with different lithologies
suggests that they are sgo;m—derived deposits kdetai}ed discussion-ks
presented in Chap. 4 on "storm deposits"). The generally Iérge size of
the clasts and tﬁe lighglogic similari;y between the‘clascs. ad jacent
beds and matrix indicate that they were not t}ansporﬁed fa:,qnd weré
likely deriveﬁ from the erosion of nearby beds. Local round-pebble
“conglomeratéé\agg_af§gﬂlonsidered to have originated from storm
deposition but were subseﬁuently éubject to.fur;her<abra;idn and,

.

reworking . ' . _ -

.
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3.3 SHALES -

3.3.1 Description

Shale beds are prESﬁ;t throughout the sequence. There are two ypes '
of shale: (1) common.grey shale which occurs mainly with type 2 parted

.

limestones in' the Cape Ann and Big Cove Members and as minor,
‘decimeter-thick- interbeds in the March Point Formation and Man Q' Waé’
JMembér Qnd.(Z) less common, variegated red and green sﬁale; in the
Cam%bells and Felix Members and. the Berry Head Formation, Variegaged
shales are generally interbedded with carbonate laminites ;nd.broqp

Tbolifés—(gesciibed later in this section) and are farely thicker than 5

~to 10 em. Mudcracks are common.

The shales are commonly calcareous or dolom;;ic and locally contain
silt-gsize quartz, glauconite and feldspar grgins,' Illite’and chlorite
are the main clémeiherals (Wood, 1983).

3.3.2 Interpretation T e

-~

Shales are interbedded with other lithofacies which record deposition
in thé ;nCer;idal to supratidel zones. As.previously inte;preted; the
grey éﬁale;.of the partgd liﬁgstonp lithofacies gfe inte;preted to
repre;ent pelibds of slack water and subsequént subaerial exposurewié
tidal flat deposits. Similarly the variegétgd red and green shalgé,

which are volumetrically minor components of the predominantly carbonate
. ‘l‘ : _;"
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: - - v . s
members, represent the subaerial end-member of migrating carbonate
Aa » .

'

. probably exhibited a litholoéic change from dominantly gfainy limestone

shoals (discussed below). In western Newfoundland, there is no evidence

for a subtidal shale basin as described by Markello and Read (1981) in
the Cambrian of the southern Appalachians and Aitken (1978) in the

Canadian Rockies'(réfer to Chap.. &4).

¢

- .

The sporadic occurrence of shale in parted limestone can ‘be explained

" in several ways: (1) the absence of a sifficient siliciclastic source;

(2) insufficient eneréy to disperse the clastics platformward; or (3)

———— = - — @

winnowing out of the fine sediments on a high energy platform. The

|

L e A )
second mechanism is'unLikely, given the apparent frequency of storm
events on the platform-and .the 'obvicus influence of significant tidal
activity. The last mechanism is not feasible, given that carbonate mud

is still present when there is a paucity of siliciclastic mud. Similar
- . .

-~

sedimentary structures in shales and carbonate mudstones and the

- —

intimate interbedding of type 1 and 2 parted limestqne indicate that the

overall energy of the tidal flats did hot'vary sufficientiy.w1th time.to

account for variations in shale content. Instead the balance between

[ 4
siliciclastic and carbonate muds.appears to be a function of the amount

of siliciclastic mud available to the system rather than ieflectiné a

* change in environment. A diminutiop of siliciclastic mud influx permits

deposition of lime sediments. This argument is also applicable to

b

variegated shales.

\
In addition to vertical variations in shale content in parted’

limestone, a lateral change is also possible. Similarity with,.

siliciclastic tidal flat sediments suggests that theGCamb;ian tidal flat

-

v
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near the high water line. This characteristic sediment distribution™t=\ . |
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attributed to both the transport mechapism and énergy conditions . v

o

(Reineck and Singh, 1980). Energy conditions tend to be-gréater in the |

g

a” shallow subtidal and lower intertidal zones than higher up in the Y Y

complex,resultiné in the deposition oﬁ sands .and the winndbipg of muds.
Mud deposition takes place ﬁear the high water line due to iow wave and
current ag&ivity and the fact that the time qf slack iatér'allowihg'mud f. Lf
to settlevéut-of suspension'is much longer during'high tide than low
tide (Postma, 1961)..This accumulation of muds was probably easily
.remobilized byﬂhigh.energy conditions or rising relative sea level and

»

provided the source for subsequent mud deposition.
' ) ] . : N ’ ) . . \
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3.4 00ID CALCARENITES I S .
_ —

3.4.1 Description -

. Two types of oolite are present and can easily be differehtiatéd in ’

the field as: (1) a dark grey coloured oolitg'aﬁd.(Z).a buff to dark-

brown coloure& oolite. They are the main’lithologieg of -the Campﬂélls
and'Feiiilﬁgmbers-énd pr?babl}_the dolomitized Berry Head Fé;@ation as
Qe{l. Minor beds of grey oolite are also present in the\upper'bart of
;5’?5. ‘mpe Anp and -Bi'g‘ Cove Members. Det;iied petrographic d‘escriptior.x and . ’

interpretation of grey and brown oolites are given in Chapter 6.:
' ) : :

-

»
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3.4.1.1 Grey Oolite

o . -
-

These rocks are thin bed? of goid gralnstone and-mlnor packstone.

.

Upper surfaces of beds frequently exhibit megarlpples tha& commofily have

silicified-crests or thin, mudcracked 1ime mudstone'drapes in the

- i

- ‘

. troughs (Plateﬁab) Herrlngbone cross-bedd1ng is rare, but''does occur.

r’-ﬂ"'f'he oolltes are commonly 1nterbedded w1fh brown oolltes and lamxnated
dOIOSCOoe to dolomitic Limestbne (diocussed bélow) and are occasionally
gssociated with parted limestones (Plate 3a, d). No-lgoe;;l graaatioﬁs

between these iithoﬂacies are observed, aYEhough-this‘may be '‘a function
- . of outcrop limitations. Bed boundaries are generally stylolitized and .
thicknesses of individual beds may vary laterally. L
. : ‘.ﬁ .
.‘\ s

The grains are well—sorted medium to coarse sand-size (Plate 3c) and

" occur with common 1ntraclasts of dark grey oolite (Plate Aa) and -

occa51onal 11me mudstone clasts. 001ds have—rgd1a1—f1brous cortices:

e
-

lnpclel may be peloids, intraclasts or bioclastic fragments but are h

-

commonly obscured.

©3.4.1.2 Brown Oolite _ o |

"The thick, buff to dark brown coloured ooi& packstone to grainstone
_ S ot - .

beds are characterized by abundant dolostone and limestone intraclasts
: . - . :

and thin, laminated beds‘oﬁ the same lithoioéy (l1-to 5 cm thick) tha;

are‘mudcraéked and laterally discohtinuous (Plate 4b, c). Herringbone

cross—beddlng is pronounced and occasional symnetrlcal ripple forms and

oollce 1ntraclasts are pres&nt.
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Ooids are medium sand size with peloid nuclei and either well-developed
/ . . .

concentric cortices or superficial (thickness of cortex .is less:.than

-

one-half the radius of the nucleus;i I1ling, 1954) radial-fibrous

cortices. Coarser radial-fibrous ooids of the grey oolite type, ocolitic

.

and micritic ingraclasts, peloids.'bioclast%c fragments and quartz and
feldspar silt are Fommon‘accesspry components, Thg variability‘in;
grain, matrix ahd'cement'componenté results in colour variations in
brown oolite'gghm dark grey—browh to‘buff. barkef—coloured oolite tends

to be hetter sorted, have mqre coarse-grained ooids and contains less

.

micrite and siliciclastic'silt than light-coloured oolite.

4
’

.
.

3.4.2 Interpretation

The ooid calcarenites.associated with the carbonare laminite

1ithqfacies-(to be discussed in the following section) appear to.be part

.
.

of a,hgeneﬁic package'" in which deposition of the two lithofacies is

related. These lithofacies in the the Campbells and Felix Members and
the Berry Head Formation' are intétpretea¢to represent déposition.in a

* -

'heterqgeneéus,-

oolite, buff-brown oolite and laminated dolostone and

limestone. )
S |

Y . «8 P

Grey oolites lack evidence of subaerial exposure and are interpreted

to be the subtidal component of the shoal. The abundance of lime mud

‘matrix in associated browp oo&gtes sdggesfs}that :he:paucity‘of mud ‘in
: o v Lt . .

grey oolites was gt

mud deposition-

) to. sufficiently high energy conditions ighibiting

causing winnowing of ‘the.mud, rather than the lack of .

.
’

a mud source in the'subtiQal. "The coh§istent dark grey colouration

carbonate sand shoal comple;.flThé‘sand shoal is compssed -
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(possibly related to organic content) of the oolites further suggests
that little reworking and subaerial exposure tobk place subsequent to

deposiﬁion.

Brown' oolites contain sedimentary structures indicating {ntermittent
subaerial exposure and are interpreted to be intertidal. deposits which:

were subject to frequent fluctuations in energy. The lighter colour of
. ] . * *
' N

these oolites reIetive-;o grey oolites may reflect a greater degree of

sediment reworking.and oxidation of organic material.. -

.

Ooid.sand_shoals..comprieed of long and narrow or epill-over type bars
and tidal ehannefs. afslg the platform margln ‘of the Bahamas Banks haVe
: ) &

long been con51dered to be a moderm analogue for ancient oolite deposits

(Ball, 1967; Harris, 1979). This does not appear to be applicabrﬁ'For

‘oolites of the Port au Port Group as indicated by their thinness' -

(generally l&éss than 2 m); the absencq}of cross- bedded lobate bodiee of .~
' . -t . e * TN Y
spill-over bars; and the two disginct types.of: oolite. Tnstead. the s
e oo o R | . - .
JoulEers Cay ooid"Loal on the Qindward margin of Grebt Bahama Benk, is
Q “f’i B »
a more 11ke1y analogue to—these Cambrlan oolltﬂga Detailed SESdﬁ%of the . &

&

area by Harr1s (1979) shows the shoal to be anﬁxntertldal san flat' 400

8 ki

‘ sq km, that is flanked on the w1ndward sides by mob11e oo1d sands ina

.
belt 'l to 2 km wide. Ooid grainstone is found in the mobile frmnge.

' Do : v ,
which is the active zone of ooid.formation, whereas the sand flat is a

o .

mixtu;e of micritized 0oids derived from: the mobile fringe, other grain

Eypes and‘mud. t ?{_ .

&
Comparieon with'JOQIters Cay ‘suggests that the grey oolitc,of the Port

*
’
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au Port Group is analogous to the mobile fringe ooids and brown oolite .

"to the sand flat sediments. The difference in size and interpal - .
. . . \ . - . , -

morphology of the theé ooid grains in each of these oolites, however, -

indicates that both thése shoal areas were zones of ooid formation in' =~ *

the Cambrian. - K . ) ’ ' . Ll -

3.5 CARBONATE LAMINITES

3.5.1 Description

This lifhofécigs is tan to réddish—mauve weaphering,‘grey-go-buff;'

: lamina;ed dolostone gnd limeétone and minor massive doloétodew
Thicﬁébﬁgsed laﬁinite is an important constituent of the Camppefls;
Felix'ang Man O' War Members and Berry ﬂééd Formation. The term,
laminite, first suggested by Knopf (in Sander;‘1951,‘p.1355iis used Sére
QS a nongeneric perm to describe finely lapinated'limestones and
dolost%ges. Petfography éf dolomitic laminifes (dolo}amiﬁites) is

- W

presented 4n Chapter”8.

& -

T%Fge roek types are included within the laminite lithofacies: type 1

— centimeter-scale, planar laminated dolostones and limestones with

abundan; mudcracks and minor ldw aﬁglg cro§s-léminqtishs.,scour marks,
tepee structures, and laminated intraclasts (Piate 5a); type 2 —
millimeter-scale laminated dolostone and -limestone composeﬁ of,slightl}
wavy and crenulated laminite with occasional large prism cracks and

yrip-up clasts, possible fenestrae (Plate 5c, d); and type 3 — patterned

- i)
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.

dolostones composed of patches of light-coloured and dark-coloured

dolgstone (Dixon, 1976; Plate.Sbj.

Type 1 and 2 laminites are interbedded with oolite Beds whereas only
.type 1 is also essocia;ed with the parted limestones. Type 3, ﬁacrerned

dolostones, are found in association with tvpe 1 and 2 only.in the Berry
) ®

Head Formation and are minor constituents of the brown oolites.

Lam1n1tes may be capped by ‘thin (usually less than S cm thick),
rust—stalned dolomltlc siltstone or shale.‘ Although the upper bed.
boundaries are-geﬁeraliv planar or Stvlolitized; severgl other typeelof
' bquedaries are'ébservea in.cress eeCtion:'ﬂl) smooth, ecalioped surfaces

- . : - ? a

. which have vertical relief on tﬁe order of centimeters to tens of

.

- centimeters; (2) smooth meter—scale depr9551ons along bedding planes;
and (3) locally developed lenses of breccia blocks that are commonly

encrusted with stromatolites and thrombolites. -

o

3.5.2 Interpre;aﬁion

3 . ) .
5 < .
- ' .

Textural feaf;rbs preserved in the lamlnlte lithofacies suggest very

shallow water coﬁdltlons with exten51ve per1ods of subaer1a1 exposure.
ie. a supratidal env;ronment.v.Type lrlémlhlte rnterbedded,w1th.parted
limestones is interpreted to.Be'the supraeidaliend-memﬁer of the parted
liﬁestone lithofacies which is in eern interpretee to represent
depdeition'on a muddy tidel med‘flat'(refer to the previous discussion
on parted limestones). Type 1 and 2 lgmipitee associated with the
oolite lifhbfaciee are bart of a "generic_package", depesited in'd

peritidai-carbonate,sheai complex, as described previously. These



laminites are generally interbedded with mudcracked, variegated shales

and represent'the'supratidal crest of the shoal complex.'

Type 2 limestone and dolostone laminites have features suggesting the

influence of sediment binding by .blue-green algal mats or

fcyenobacteria. Aitken (1967) has referred to these as
'cryptalgaiaminites. Modern analogues have been documented in the
intertidal to supratidal mud flats of the Persian Gulf (Kendall and
5kipwith 1968), the Bahamas (Hardle and Glnsburg, 1977) and Shark Bay

.(DBV1es. 1970)..

The presence of perterned dolostones wich the other types.of leminites
support the 1nterpretat1on of a supratldal to hlghest 1ntert1dal
deposmtlonal environment. . The dark areas of tde.dolostone are commonly
_ concentrations of pyrite (partlcularly well developed in the thtle

Coney Arm section at Wh1te Bay). Dixon (1976) proposed that these small
'pyrzte accumulatlons are early diagenetic products formed in
..‘sulphaxe-rich, reducing env1ronments, such as may be found in tidal and
;supratidal regimes. Longman (1982), has carrled this interpretation
Turther bd&gd_ugﬁﬁ 31m11ar structures in-burrowed .micrite of the Mlddle

Ordovician Bromide Formation of Oklahoma. He proposed that they are
) oRidation marks or.bleached rims along desiccation cracks and fractures

that forued'by air or percolating water oxidizing organic matter and

Jpyrite shortly after deposition in a tidal flat environment.

Bed poundaries that are not obscured by stylolitizatioo are highly '

irregular and sculptured. These features are interpreted as carbonate '

dissolution features or paleckarst resulting from extensive subaerial



- exposure (see Chapter 5). Angular breccia blocks occasionally associated

" with these structures are likely due to collapse of oversteepened flank;

on paleokarst pits or depressions.

3.6 STROMATOLITE AND THROMBOLITE MOUNDS

+

3.6.1 Description

These mounds are present throughout and vary considerably.in their

external morphology, internal composition and associated lithofacies. A

stromatolite has been defined as a fixed body with definife limits and

characterized by macroscop1c 1am1nat10ns 1nferred to be due to

. -

, blue—green algal act1v1ty ‘(Aitken, 1967) and/or cyanobacter1a (Bauld

1981) and will be’ descrlbed using the c1ass1f1cat1on of Logan et al:

(1964). A.phrombollte was or1glnally deflned by Altken (1967) as a

L
- non-laminated body with dkfinable ‘boundaries, characterized by an

‘. L3 : ) ' ’
internal clotted fabric and occasional calcareous algae. The term;

thrombollte, has been the subJect ‘of much d1scuss1on -and redefinition by

numerous workers (e. 8. Ahr, 1971 Lohmann, 1977; Pratt & James, 1982,

. Read and,Pfeil,,1983); it is used in.;his study only as a.descriptive

fielq term, for non;lamiqated mounds with a clotted fabric.

The stromatolites vary in external morphology and. have different

assoc1ated sedlments. Based upon field observations,. there are three

| types (1) hem15pher1cal to bulbous-shaped forms, 0.1 to 1.0 m in he1ght

and 1.0 to 2.0 m in dlamgggiL(Plate 7c), (2) branchlng to fan~shaped

heads, 0,1 to 2.0'm in j%i%eter and up to 1.0 m in height (Plate 7b),.

‘.



and (3) lawmellar or stratiform ty?es, I-5 cm in helght (Plate l4e). The
first type'is.the'commonest and has an internal morphology that ranges ‘
from low-relief, concentric laminations te discrete, vertitallr-stacked
hemispheroids (SH stromatolites) associated with close—}inked -
,,herispherOids (LLH-C stromatolites). Some of the larger type 1
etromatolite mounds apeear to be composed of columhar-shaped heads
flanked by-parted limestones,laEinites or ooid;peloid grainstones to
o packstone;F(Plete l4e). The smaller, relatiyely-rare'type 2
stromatolites are camﬁoeed 6f.LLH-C to SH-V stromatolitee and associated
with brown-eolites or laminites. ‘ |

Thrombolite mounds vary con51derab1y in size and shape ranglng from i
hem15pher1ca1 heads, 0.2 to 1.0 m\1n helgpt and 0. 3 to 1 O min dlameter
to centlmeter-thln lenses (Plate 6b, c; 7a). Larger forms are commonly
tapped by LLH—C stroﬁatoiites and ropted upon flat-pebble !
" conglomerates.- Ihter-mopnd;sediments can be perted'iieestone, carbonate
laminite.or ooid calcarepite; Internally;'thromboiites gre composed of
milliméter—sized !erk gref éléts arranged in an'upward branching. -
network of digits (refer to Chapter S). Clots are separated by patches
of white to light grey llmestone with abundant tr1lob1te and brachlopodu
fragments anq irregular areas of 51}ty limestone, Glrvanella and
(?)Rendlcis ere cctesionelly present.

Bioherms and biostromes'cpmposed of.both stromatolites and . -
thrombo}ites occut in the sequence. In ohe-exceptionaliexample iﬁ the
Cape Ann Member of the Petit Jardin Formation near Cape St. George on

the Port au Port Pedi%sula, the mounds attain a thickness of

approximately 8 m and are composed of both stromatolites and



58

. thrombolites (Plate 6a). -

3.6.2 Interpretation

On the basis of their lithofacies assoéiations. these Cambfia#’
stromatolites and thrombolites appear to have developed in a number of
different environments, ranging from peritidal "sand shoal to muddy tidal

flat settings.

7

" The morphology of modern stromatolites-dependé on energy conditions,

- -

deéiccatibn, sedimentation rate and stability bf the substrate {Logan et
al.,-lQéZ; Hoffman, 1976). Largér hemispherical moundé‘tend to develop
~tn—subsidal or lo;er intertidal zones; With increéging energy
-conditions of the tidal regime, columnar and domal sfrohégolites form,

(]
passing in turn upward into stratiform stromatolites of the upper

. . 9 . i
imtertidal to supratidal zone (summarized in James,.1984). '
. o v . , . .
Thrombolites' have been documented in numerous studies on the v

Cambro-Ordoyician placfor'mf(e.g.‘:'Ai'ck‘en,' 1967; ‘Ahr, 1971; Lohmann, 1977;
’Pratt,‘1§79;‘Dem1cco, 19é2)..H610cehe subtidal mounds in Shark Bay,
western Australia (Logan'et a1.. 1974)'sharelmany ;imiiarit;és with
ancient thrombolites (e.g. Read and Pfeil,-lqgj). Many of.;hese.studié§'
have posgulqted that%thrombolite'mognd; may have been rigig framework
algalAreefs formeq in an opeh subtidal—sheif'environment. Thrombélite»
mounds of the Pdf; éu Port Grouﬁ appea}_t; be siﬁilar to these
thrombolites. ;t leas; 6n'a.macrgscbpic scale.. Based upon éheir :. '

association with intertidal and shallow.subtidal sediments, however, it

is further suggestea that they were algal patch reefs, with up to 1.0 to” = -



’

1.5 o of synoptic relief, which-developed in both intertidal and shallow

subtidal zones.

3.7 GLAUCONITIC SANDSTONES AND OOLITES

3.7.1 Description ' ' -,

This 11thofac1es is uncommon but is important when dec1pher1ng the

dep051tional hlstory of the Port au Port sequence and ‘so has been

A}

‘treated separately. L : - o

Glauconitq—;ich, calcarfeous quartzarenites to subarkoses (éélk:et al.,
1970) to arenaézdus limestones, cohposed of rounded, medium- to
coarse-grained quartz érains with m{npr phosphatic clasts, are present
in the basal 20 m of thj h Point Formation (Plate 8a). Beds are up
éo 1.5 m thick at the sése and tﬁin upwards, passing graq;tionaily inﬁq
parted lime§;ones at the top.of the interval (Plate 8b, é).' Thirn,

reddish-éfown interlayers of siity\ghale are‘algo present. Interference

‘ripples, straight ripple marks, and runzelmarken may occur on bedding .-

surfaces, and high angle cross-bedding and cémpacted mudcracks are seen

in cross-section. The upper parts of the siliciclastic sandstone'beds

—— — -are well burrowed (Skolithos is part1Cular1y common) and occasionally

"have thin caps of rust-stalned dolomltlc sandstone.

These basal sandstones are the best-developed 51l1c1c1ast1c sand units

in the Port au Port Group. Higher in. the section, sillc1clast1c sand

'accumulations are uncommon and occur as: (1) thin beds of §lauconitic

;!
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quartzarenite interbedded with brown oolitéland.dololaminite io the
Felix Meﬁber and (2)'rounogd, coarse to medium sand-size quartz and
glauconite grains (dp-to’ZO Z) in brown oolite in the Campbells and
Felix Members and Berry Head Fofmation ond only rarely in parted
klimestones. In contrast angular} silt-size to very'fine-gréined
" sand-size quartz and feldspar gralns aro pervasive in all the previously

described carbonates but are most common and abundant in carbonate
»

1am1n1tes and parted limestones.

3.7.2 Interpretation-

-~
The siliciclastics at the base.aof the March Point Formation contain
only rare'subaerial expoéure features and rest directly upon quartzites
-.of the Hawke Bay Effhation. These beds record the change from shallow

marine,»silicéclastic deposition during the Early Cambrian (Levesque,

1977) to mixed carbong%e and siliciclastic deposition in Middle Cambriag

time: Whether this was a contirnuous tran51tion or one, 1nterrupted by a

.h1atus at the’ Hawke Bay-March P01nt contact is uncertaln. Regardless.

r the szmlLarrtykln size and composition of clast1C'gra1nsﬁacross the

codtact Suggﬁsts that the siliciclastic sands of the March Point were

L4
-

probably derlved from ‘the remobilization and reworking of Hawke Bay

»
sandstones in a sha110w subt1da1 envirohment, The presence "of abundant
glauconite and phosphate grains indicate considerable reworking and a

‘ relatively slow rate of deposition (Van Hou;en and Purucker, 1984).

Mlnor beds and localized concentrat1ons of siliciclastics above the
March Point Formation are more difficult to interpret. The bimodal

grain-size distribution of rounded, coarse- to medium-grained quartz and

1y
i~
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feldspar sand, and angular silt—siied'quartz and feldspar appears to be
a common phenomenon on Cambro-Ordovician carbonate shelves ke.g. Dott
and Byerd, 1980). This is also seen in equivalent Cambro-Ordovician ,
slope deposits of the Cow Head Group (N.P. James, ﬁers. comm., 1983).. .
The nature of the siliciclastic delivery system is still quch_debated
“and various studies have p;oposéd mechanisms'ranging from eoliaq'
processes to progradation of siliciclastics during lowering of sea“level
(e.g. Dott.and Byers, 1980). T
L ' o

Siiiciclastic sands above the March Poini~?ormation in the P%Et au
Porc Ggoup are most commonly associated with brown oolites présent
thfoughout Ehe sequencg,.sugges%%ng that: (1) the latest deposition of
these grains was by mechanisms that were more facies-seleetive than
eolian'processes (cf. Koopman et al., 1979; Dott and By%fs, 1980}, - ;
alihough earligf ;éwquing by winds is not‘)recluded and.(2) the \
t}angport,mechanism was not directly related to either high or low
sea-level sqgﬁdsE No concfﬁ;ive iﬁterpretation of the ;;igin of these
silicic&aétiég,lhowevér;'can bg ﬁade with'the availﬁble information.

- Lt I o - .
One bossible,éxplanation may be that high—enerE?*p;eﬂgs_such as.stg}m
gctivity or ext;emg tides remobilized and t?anspPrted.siliciclastic'
sands‘seawérd‘from some nearshorevéoufce_(noﬁ observed in western
-Newfoundiand). Carbonate shoal compiexes may have traﬁped some of these
_siliéiclastics ;hat'were then furthér distrisuted byllongshore
currents. lThe éommon association 65 glauconite pacticles and
siliciclastic sand suggests that reduced carbonéte sedimentatién rates,

possibly during low. sea-level stands; enabled reworking and

concentration of these graigs in the shoal complex.
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In contrast, the pervasiveness of siliciclastic silts in the sequence

_suggests that their main tranport mechanism was.afeally extensive and

most iikoly eolian. The lack of rouﬁded_grains is mereiy a fqnctioﬁ of

grain size, silt-size. particles -being more difficult to abrade than

. !
. e « . - B Y T
sand-size particles. S o

3.8 SUMMARY OF LITHOFACIES INTERPRETATIdNS )

Parted Limestones: Thiﬁly interbedded to'ihteflaminated limeston

dolostones and shales are muddy tidal flat deposits that are texty
stm1lar to some modern s111c1clast1c tldal flat sedlments. .L1mest
‘were dep051ted by peak ebbd and flood t1da1 currents; dolostones an
shalgs settled out of suspen51on durlng flack high tide. I‘égmlaser.
and lent1cular bedd1ng represent shallow subtidal, 1ntert1dal and
supratldal dep051t10n respectlvely. Interbeqped flat- pebble

conglomerates are 1nterpreted to be storm_deposits.

' ShalesE Components of this lithofacies aré interpreted to be upp

o 1ntert1da1 to suprat1da1 deposit5° (1) grey shales represent perio

l' Loon
. _'-c‘-}‘,;

es,
rally

ones
Q

d

wavy, |

s

er -

ds of |

N

high slack t1de in muddy ‘tidal flacs and (2) varlegated red and green

B ]
shales are,supratldal deposits of carbonfte shoal complexes. The

sporadic occurrence of shales in the carbonate-dominated sequences is

interpreted to represent reworking and remobilization of a nearsho

supply of siliciclastic mdd by high energy gvents (e.g. storms) or
. . ~ f

rising relative sea level.

-

As

Ooid Calcarenites. Grey oolite and brown ocolite are interpreted

N

re

‘5

to be
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subtidal mobile £P{Q§§zand intertidal sand flat dgposité respectively. of

a high energy, carbonafe sand shoal complex. The differences in ooid
_morphology between the two types of oolite suggest that the intertidal
and subtidal zones of the shoal complex were distinct zones of in situ

ooid formation and deposition.

Carbonate Laminites. This lithofacies contains abundant evidence for

extensive subae;ial exposure énd represents supratidal deposition.
Dololaminites interbedded with parted limestones are interpreted as’
.supratidal deposits of muddy tidal flats. Limestone and dolostone
laminites interbedded with ooid calcarqA::;s represent’ depog/;s—of the
suprat1da1 crest of carbonate sand shoal complexes. ,' o

[ L
, .

1 Stromatollte and Thrombollte Mounds. A plethora of stromatolzte and

l°~ . \ .
thrombdl1te mounds with varlable shapes and 1nternal compoé?ttoﬂioccur
& ool
througgut the sequende Stromatohte morphologv and 1nter-mound

11:Rolo§2es suqagbt that ;heY Jevelq?eg in shallow subtidal, 1n5grt1dal
LY -;

and su;ffatkdm. zongigo fghott sand: s!}oal complexes and muddy tidal- L

_©  flats. Thrombol1c;s are 1nte{pretedoas rlgld framework patch reefs that

.developed in shallow subtidal to 1ntert1dal zones,’

) , b
' - s

' PR : g . ' . S : . v
Glauconitic Sandstones and Oolites. A bimodal distribution of rounded
. L4

siliciclastic sands ang angular dilts is present :hroughoutz .Ubiquitous
Silt-size-dnartz and feldspar are intetpreted to be eolian in origin.

Glauconitlc. siliciclastic sands;ones at the buse of the ‘sequence

e

represent reworking of ?Lower Cambrian Hawke'Ba&hsandstones in a shallow

subtidal environment. Sand-size quartz and feldspar in the limestones

and dolostones above occur most commonly in brown oolite. They are



lnterpneted to have been reworked from é’neaxshore envxronment by storms

\..[

or extreme high tides and trapped in the carbonate sand_shoal:

complexes. 3

. . a . .» A - . '?
3.9 DISCUSSION ir L :
o .

3.9.1 Lateral and Vertical Lithofacies Relationships o
' 3. : o D

.

The six lithofacies Jn the Port au Port Group represent platform

depoeition'in the shallow subtidal, intertidal or suprétidalfionés. In

outcrop, few lateral ;radations between lithofacies are?observed-so that

determ1n%t10n ‘of the lateral relationship of 11thofac1es must be

. ‘T' R "4 it

~* inferred. Vert1cal llthofaC1es aSSOCIatlonS are descr1bed 1h Chqpter A
. ,"% ) ° . . . C - .
~™pn facies sequences. _ L

PRCE T

Close 1nspect10n of the succession ;eveals that these 11thofac1es .can

be d1v1ded Into twd dlst1ntq vert1ca1 packages whlch share few common

-

characterlstics except that they each contain subtldal. 1ntert1dal and

supratidal components. -The'first package is composed bf predominantly_

“

parted llmestones, whiéh represent shallow subt1dal to suprat1da1

”“’6ep051t10n, and minor glauconltic sandstones of subtldal origin. The

L-

second consists of thick-bedded subtidal grey qo}ites._%ntertidal btown_

oolites and supratidal carbonate lamihites and variegated shales.

.

This prominent.vertical packaging of lithofacies is interpreted to
A [N { .

indicate two laterall} adjacent./gpga;?nvironments.on'the platform: a
muddy tidal flat and a carbonate shoal. The vertical relatienship of

.

3

(R4

b}

b



K .l . . .
the lithofacies within each package indicates that sedimentation in the

subtidal;, intertidal and supratidal zones occurred essentially coevally

within each environment.

- . ~

3.9.2 Summary of Environmental Conditions
.Exaﬁination/of Yithofacies allows a preliminacy‘estimate of sohe'of;

the environmental parameters present on’ the Port au Port platform

// Q:t Additional information is gleaned by analy51s of meter-scale

aséemblages. large—scale cycles, and storm dep051ts wh1ch are described
| 4

' vGQapte:;f. : . r.; 'w;.:v ‘ . i A
Tidal Range. The occurrence of flaser, wavy and lentlcular beddlng 1n'

parted 11mestone 1nd1cate a me$ot1dal (2 to 4 m) to. macrot1dal tidal

*

range’ (greater than 4 m) as 1nd1cated by studles of modern tidal flats

¢

(for e.g. Re1neck and S1ngh 1980). Th1s is in accord w1th Demlcco

(1983) who postulated a t1dal range of l to 8 m. for a 1ate Caﬁbg}an
t1dal£§lat in the central Appalachlans. | ‘ : -
- - ) ’» "

“ . . . \ : g

[ o . - . . . t .
s Klein (1971) presented a model for siliciclastic tidal flat sediments

, . s

?‘p which the thickness of fining-upward intertidal sequences coincides
with the mean tidal range. Appllcatlon of 'this modél to carbonate

Y ) sediments hovever. prov1d§s only minimum ranges because of ‘the

con51derab1e effects of - varlable sed1mentat10n rates. compacb&on and

4 . +
“

pres§hre solﬂtion. The 1 te 2 m th1ck packages of tAdal. flat sedlments
. N

in the Port au Port Group%;;E;Eate at'least a mesotldal Jange.

. . »
RN -
- . - )

" ) q : Ql
¢ . The effects of tldal currents are also observed 1n oo1d calcarenltés

Broyn oélite.and.rarely gfey»oolite ghow extelleht herringbone
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® -
13
cros§fbeddiﬁg and intermittent subadrial exposure. ‘ Lo
Shelf Circulation. The variability of energy conditions on the sh

is indicated by the difﬁerept'lithofacies. The ébuﬁdgnce of 'ooid and®

L)

> ry - = - ‘ - .
bioclastic calcarenites, which commonly show herringbone cross~-bedding

and a paucity of mud, indicate high énergy conditions. The presence of.

.

carbonate and siliciclastic mud in virtually all iithofécies, hawever,
implies that energy conditions were at least periodically sufficiently

- low to allow tud deposition. No evidence haw been found for prolonged
. . . ‘

periods of quiescence-during which extensive subtidal mud was

deposited.

"Well-developed bedding structures in parted limestones, interpreted to
be products of. tidal processes? also indicate periodic high energy
conditions in the tidal flat ahd'gobd circulation with -the open ocean.

In addition, the abundance of flat pebble conglomerates and the minor

& - G

beds of ooid and bioclastic ‘grainstones interbedded with parted

‘limestone represent.qpiéodic high energy events in the tidal flat.

Climate. The absence of evidence of evaporites and the frequent
. occurrence of sedimentary structures that are interpreted to be

paleckarst features, such as pitted -surfaces, suggest that: the climate

.~

. . .
. was humid racher than arid. -
S

-
.

- % '. »_“ . - A N
Wateerthhr-Lithqfacies indicate deposition of the Port au Port Group

-

.occurred in shallow subtidal td'supratidaléybnditions, The lack of
' . : . &

L% extensive deep subtidal or-open shelf sedifmentation is indicated by: (1)

the absence of hummocky brossas;}atification, which is widely

iﬁtefpréﬁed to have .-formed by storm processes below normgl wave ‘base

v
-~
- . . . . R ..

- L



sequence and the commoh occurrence of paleokarst surfaces.

67
(Walker, 1984; Dott and Bourgeois, 1982), in sediments which have-

undergone obvious storm reworking; (2) the paucity of .bioturbated muds

lacking mudcracks; and (3) the pervasiieness of mudcracks throughout the



Chapter 4

FACIES SEQUENCES S

4.1 INTRODUCTION

- _ . 4 & . '
-The Port au Port Group on the Port au Port Peninsula is characterized

<

by prominent, layer-cake architecture. Detailed field observations

reveal that it is comprised of three scales of sedimentary

assemblages[1l]: large-scale cycles (Grahd Cycles; Aitken, 1966) on the
order of hundreds of meters in thickness that are each divisible into

two half-cxcles (Aitken, 1966) composed of meter-scale assemblages The *

ut111ty of exam1n1ng carbonate rocks in terms of such fac1es sequences
has been clearly demonstrated in numerous studies (e g James. 1984) and
has prompted considerable speculation as-to the'poSsible mechanisms of

cycle formation.

~

This chapter examines' (1) small- and large-scale assemblages‘in the
Port au Port Group, based 1n large part on the Port au Port Peninsula '
section and supplemented by sectlons on the Greac Northern Penlnsula, h

'(2) storm deposits which punctuate these asse@blages on the Port au Port

1. The term, "assemblage", is used hereih to describe a Jertical'
successiom of” 11thofac1es; those assemblages which are rhythmically P
repeAted are termed "cycles'.

. iy K3
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. v N
Peninsula; and (3) comparisoh with -western North American G;and Cycles.

Lo

Detailed study of sequences in the Port au Port Group demonstrates the ®

complex interplay of carbonate ‘and siliciclastic sedimentation on the

Cambrian platform and contributes to the understanding of the effects of

_ sedimentation, eustasy arnd crustal movements.on platform sequences.

4.2 METER-SCALE ASSEMBLAGES

Two discinct:cypes are recognized in the Port au Port Group: (1)
mixed-sediment cycles composed of parted limestone and shale and (2)
oolite-laminite assemblages which lack a sequentiél arrangement of- -

lithofacies.

’

- ’

4,2.1 Parted Limestone-Shale Cycles

4.2.1.1 Description .

These cycles are prominent in the .Cape Ann, Big Cove and Man O' War
Members. A cycle is composed of a basal ripple-laminated liméstone,

which grad ;ransitionally upwards into parted limestone, which in turn

'isicapped by carbonate laminite and/or shale (Fig. 4.1; Plate 2a, b).

Parted limestones exhibit, upward changes' from flaser bedding to wavy

. Qeddiné to lenticular bedding. Flat-pebble conglomerates, skeletal

‘wackestone and packstone, grey. oolite and horizons of algal mounds

randomly punctuate the cy;les.//

The cycles, l'to 2 m in’thickness; are characterized by their

-
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consistent lithological asymmetry and lateral extent; individual cycles
can_be correlated between outcrops tens of kilometers éparg (Fig. B.8),

but not with.other outcrop areas in western Newfoundland. The style of )

cyclicity and frequency of occurrence, however, differs within each

stratigraphic unit.

Cgpe'Ann Member. Parted limestone is mainly thinly be&ded to nodular,
silty_iimes;one with thin beds or partings of calcareous black shale and
migor dolostone (type 25. Cycies consist of an upwa?d change from: (;).
dgminahtly ripple cross-laminated limestone'with load casts to-(2)

flaser bedded limestone with minor black argillaceous partings to (3)

"wavy bedding composed-of irregular beds of limestone (preserving load

casts, gutter EBSté. isolated ripple forms) with thin beds of black
shale to (4) lenticular Bedding with liméstgne lenses in dominanﬁly
black shale to (5) mainly black shale. Runzelmarken, mudcracks, trace .
fossils and skip and bounce marks are coﬁmon‘in Shalier horizon#. A(

decrease in shale content toward the top of the Cape Ann Member results

3

in thinly bedded limestone and dolostone in'thé upper part which lack'.

obvious meter-scale cyclicity. e

"

Big Cove Member. The upper two-thirds of -this member is éimilar in

- composition to the Cape Ann Member but metef-scale cyclicity is less

obvious. Toward the top of the Big»Cove.‘there is a predominance of ~ .

interbedded limestone and dolostone (type 1 parted limestone) .with
aﬁundaqt mudcracks -and gradual decrease -in'the thickness and abundance
6fashalé.beds.- . . ] o S . T E

. .

Man 0' War Member. Parted limestones are mainly type 1, with minor
an

° . . . ) ‘
- . - . e v . .
.- v . . . , o



argillaceous horizons and well quelopéd meter-scale cycles. Each cycle
consists of: (1) a léwef,ﬂwavy-‘to flaser-bedded parted limestoné
(dominantly liﬁesténe with minér partings of-dolosténe) passing
transit;éﬁally upward to (2).lenticular bedding composed of lenses of
“limestone in dolostone and (3) an upper horizon of doﬁinantly laminated
' dolostone.. Very: thin varlegated shale beds may cap the cycle and minor

~ ooid and bloclastlc calcarenites may be present in the lower part.

4.2.1.2 Interpretation .
- ‘

As- previously discusseQ'in-Chaéter 3, parted limestone-shale cycles
_ are identical to pure siiic;clastic tidal flat models both #n terms of .-
style of cyclicity and sedimentary stfuctu;es. These.” ‘
carbonate-siliciclastic cycles are similarly interpreted toib;

shallowing-upward events (ie. shallow subtidal to integéidal to

supratidal) in a tidal flat.

LI

Meter-scale, shallowing-upward cyFles have been well documented in’

- ancient platform carbonate sequences and proven to be’one of the most
useful concebés ia interpreting platform cd%bonétes-(Jamés; 1984). The
mechanism for such cyclity, however, is still g_tqpic of consideréﬁle
debate. Numerous hypotheses have been préposed and (nclude changés in

;Ehe'rate’of subsidencé; sea—Lgvel'éhangeé:.varia;ioj: in rates gf

sea-level flué:ESElou:,and changes in the rate of.cagbOnate.

g sedimentation related to suchxsactors as cllmat{; chané@; and variations

“in the carbonate source area (re;&ewed by Wilson, 1975). Possible
_mechanisms.for the development of parted limesgone—shale cyclés must

‘explain the following observations: (1) the presence .of only T

-



asymmetrical shallowing—upward cvcles; (2) their lateral traceability
over tens of kilometers; and (3) tﬁeir vertical.scale (a 1-2 m th{ck
cycle formed over an estimated 100,000 yr periéd. based on anAestimated
15 my period for a single.Grand Cycle {refer to the'discussion ét the

end of the chapter]).

Wilkinson (19825 has incorporated proposed mechanisms for carbonate
‘shallowing-upward cycles into two end-member models: (1) an

extrinsically controlled or allocvclic model in which rapid changes in’

relative sea-level are accompanied by constant carbonate production and

v

sedimentation and (2) ag autocvclic model (Ginsburg, 1971; Matti and
McKee, 1976: Mossop, 1979; Wong and.Oldefshaw_ 1980) in_ which-.cveclicity
is intrinsically controlled by rates of carbonate proqyction and

deposition:_~Both models may produce similar prograding sequences and

.

are based upon the premise that the rate of shelf carbonate accumulation
'genérally exceeds the raté of subsidence of the shelf, which allows

deposits to build up tohsealeVel and above (James, 1984).

-

The auFocytlic‘modéL for carbonafes is considered by many workers to
Be mosg ;ombelling because it does not requiré r;pid small-scale chandes
in sea-level or subsidentce, nor global-scale cyclicity (James, 1984). It
may‘offer the most plausifle explanation for parted limeétoné—shale

cycles. Under conditions of gradual subsidence and/or sea-level rise,

4

water depth and size of the sediment source area control sedimentation
rates, In parted limestone-shale cycles, the textural similarities

‘between the carbonate components of the supratidal, intertidal and

subtidal sediments indicate a common carbonate source area -- probably .

the subtidal environment (Ginsburg, 1971: James, 1984). Sediment

.
-
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transport and depos;tion form sediment wedéesAwhich continuously
prograde across the tical flat. Sedimentation ceasés when the subtidal
source area becomes too éeep or too small and does not resume.again
“until the platform vecomes deep énough to begin depositing_the next
cycle (ng. 4.2). &ycles resulting from the autocycfic mechanism are:
CI)_laEerally extensive, diachrqno;s units, which may be bounded by.
submarine'discontiquity,surfaées; (2) complete, shallowiné—upward

sequendes; and (3) lacking in extensive vadose diagénesis (Grotzinger,

1985).

In spite of tﬁe apparént feasibility of the autocyclic model, it
suffers froﬁ several pitfalls. Fifstly. demise of the sediment source
areé} vwhich is the-key‘to autocyclicity, would be uh}ikely in that
dynamic equilibriuﬁ Betweéh se@iment production ratés. sedimeng
dispersal and rel?tive sea¥1évgl rise would be Attained before the

" source a}ea bécame'too small or. too deep to provide'sediment_(Pratt and
Jamés, in ‘press; Grotzinger.~198$); Secondly, subsidence rates on
passive margins (e.g., 274'cm71000 yr, Pitman, 1978; 5-1Q cm/1000 yr, .
Grotzinger, 1985) are too low to drown platform sediments in a

reasonable period.of time (Grotzinger, 1985).

_An allocyclic.modpl‘is most attractive'fof explaining large=scale
cycles (James; 1984) and its applicability to meter-scale cycleé cannot
be d;scounfed. Anderson and Gooﬂwin (1980) 'and Anderson et al. (1984),
for example, in their studies of some Upper Pa}eozbic Sequenceé pr&pgsed
that shallowing-upward cyclesfproduced,by "geologically instaﬁtaneous
base—leyei n?ges" (Andersén ;tial.. 198&, p.120) gave rise to

i basin;wide, time—stratigraphic units. They applied the térm "punétuated

L
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Figu
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- ~and subsidence.

implied,

a4, °

o

re 4.2: Schematic diagram illustrating fermation of parted .
limé&tone-shale cycles by progradation of sediment wedges
Eustatic or autocyclic mechanisms are not

o
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aggradational cycles" (PACs) to these:epigpdic features. Their

4

interpretations, howvever, are suspect as they are based uﬁon somé
‘unsubstantiated evidence: (1) sharp non-depositional cycle_bouq&aries
. . . o
are attributed to aﬁrupt.basé—levél rises withog%’cqns!%ering the
possibility of other mechanisms, such as changing rékes of sediment
prodgction and deposition éng (2) no evidegce islprgvideq for the

lateral synchroneity of their cycles, a criterion which is‘intrinsic to
. . P .

PACs. Furthermore, a generic terp like "PAC" has little applilation to

. the description of other cycle§ in the Fsckvrecopg. in which the

mechanism(s) of formation is uncertain. .

e 3 g

.

~
bt w

In the study by th;zingéf,(l985)} 1-15m thick shallowingjupward
~cycles, correlativé over 100 km across and 200 km parallel to .

depositional strike, were documented in-the lower Proterozoic Rocknest

Formation in the Northwest Territories. He showed that eustatic changes.

13

_ in sea-level, specifically those resulting from fluctuatfpns'ipfglobaL

ice-volume and geoidal effects (further diécui.ﬁd in "Grand Cycles'),
. . N - .

could be ofr (15 aéymmetrical nature, permitting slow progfadation and
napid-tyansgression"and.(2) small enouéﬁ scale t6 generafe meter-scale:
‘"cycles (periods-of 10,000-100,0Q0 yr). This allo;?cl@c‘modei can

account for vadose diagenesis in the cycles and the octurrence of

N - . . &‘ », . . ..
incomplete cycles, which cannbt be explained by autocyclic models.

* . - . - . l v ‘.’. ) ' .

* Grotzinger also noted that because of geoidal eustasy,, eustatic ﬁBﬂ"Ses'.

.differ regionally or locally (in périodicity, amblitudb‘agd direction)
- .Q N . ) . ' ’ B \|-
and suggested that a eustatic mechanism for small-scale. cycles (and |

large-scgie ones) does not require that they be globally or even . T

regionally correlative,

"

. LN
. N .
. -
. * .
-, .
. . » .
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It is apparent that.observations from parted limestone-shale cycles do

not unequivocally support either a eustatic or autocvclic mechanism,

These cycles, however, lack substantial vadose diagenesis (e.g.

-paleokarst), cbntain‘numerous hardgrounds (refer to Chap. 7), and are

generally complete cycles -- evidence which suggests a predominantly

autocyclic mechanism.

4.2.2 Oolite-Laminite Assemblages

»

4.2.2.1 Description

.

- - ) !
Interbedded grey and brown oolites and carbonate laminite, which occur

repeatedly throughout the Campbells and Felix Members and Berry Head

Formation, are characterized by the absence of consistent and

predictable upward chéngeslin lithofacies (Plate 3a). Basal grey oolite
overlain by brown oolite which is in turn capped b; laminite is.a common
arrangement as is the reverse chaﬁge from laminite to grey oolite (Fig.-
&.33. Field observations of the_non—sequentiai nature of these |
lithofaciesﬂis suppérted by Markov wchain analysis (Powers and
Easterling. 19&?: Hiscott, pers. comm., i984).of tﬁé Campbells Member
of thée March Point section on ghe Porgtau Port Peninsula.

All three lithofacies are not always present. Brown oolite is the

only recurring lithology; for simplification of subsequént discussions

‘the bases of these oolite beds are arbitrarily designated as '"assemblage

s

boundaries'. These individual assemblages, 1 to 2 meters in thickness,
can be traced the extent of the outcrop {tens to hundreds of.metefs);

however,’ théy cannot be correlated between outcrops only tens of
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.

Figure 4.3: Composite of oolite-laminite assemblages illustrating the
‘ variety of vertical changes in lithofacies (gy. = grey:
bn. = brown). . .-
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kilometers apart. Stromatolite and thrombolite mounds; peloidal and -’
bioclastic calcarenites; and variegated shales.occur throughout though

not in any specific position in the assemblages.,

-

Lithologic contacts aré generally stylolitic but appear to follow
original sedimentary bedding boundaries. Where bedding contacts are
present, they are generally gradational, particularly the upward

transition from brown oolite to grey oolite and from brown ocolite to

carbonate laminite. c ..

s
Individual brown oolite beds also occasionally have a§ymmetrical.
decimeter-scale sequences. They are composed of (f{rom bése'td top): (1)
,oqlité'with herringbone cross-bedding; (2) ripple cross—-bedded oolite r
(with symmetrical ripple Sorms);‘?nd (3) laterally discontinuous,

a

mudcracked, dolomitic mudstone beds (up to 10 cm thick).

4.2.2.2 interpretation'

OOlfte—lémini;e assemblages record the evolution of-the subtidal

mobile fringe (gréy oolite);.intertidal sand fiaé (brown oolifgs\éndf‘
suﬁratidal cap‘(carbonate~1aminite) of a carbonate sand shoaf\ggagzzi
(réfer té Chap. 3); Unlike many-platfog@ carbonates, howéVer. ;hesé .
assemblages are rafely’sh;lloging;upwa;d cycles: sny ﬁechaﬁisms —
proposed ﬁo; their fofmétioﬁ musﬁ accoqnt for the folloQing |
observatioﬁs: (1) the unbredictable ve{ticéi_arrangqmentfof'lithofacies:
(2) the common abséncevof subtidal d; supratidal components; (3) the

thinness of_individual assemblages; (4) the . .large ‘number of assembléges;

and (5) the inability to correlate individual assemblages between
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ad jacent outcrops.

Neither the eustatic nor autocyclic models reviewed by Wilkinson
(1982) for .consistently shallowing-upward cycles successfully explains

the nature of these assemblages. Instead, they are most reasonably

explained as products of vertical accretion and frequent: rapid
migration of the subtidal, intertidal and supratidal cdﬁponénts of the
carbonate shoal on a.subsiding platform (Fig. 4.4). The shoal components

accrete to sea-level largely by means of in situ sediment production;

a

intertidal and subtidal “zones are sediment sSource areas as well as

sediment sinks. The irregularity of the assemblages reflects the

_variable configuration and géographic extent of the'shoal compﬁgx which

change dynamically in response to varying sediment production and
.,dispersal rates, and such'hydrographic conditions as tida1 variation§

and storm activity. The effects of relative sea level fhuctuation and,

4
.

rates of sea level change are not important factors in this model.

A simiiar'model has been prbposgd'by Pratt and James (in press) for
the Lower Ordinciaﬂ St. Geé;gg Graup iﬁ wes;efp Newfoundland. Their
"island tidal flat?,moﬁel'for épeiric 'seas consists of' a mosaic of
islands sugrounded,by open watér'in,wﬁich cyclic seaiméntation is
governed not by eustatic mechanisms but .rather Bf';egional or' local

hydrpgréphy.

* 4.3 STORM DEPOSITS

. . »
N . . .
. : .

The Eyclidtnatupe of platform carbonate sequences has been well



Figure 4.4:

(A) Schematic diaéram'of carbonate sand shoal comﬁlex: and
(B) postulated mechanism of formation involving vertical

-accretion and frequent, rapid migration of ‘the various

componentd of the shoal complex in a.subsiding platform.

.
.
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.
documented (refer to James, 1984). In contrast, the importance of
deposits which record "rare events" (Seilacher, 1982: Dott,'1983) has

only reoently become more apparent. Storm deposits or "tempestites”
.(Ager. 1974) appear to be common event deoosite‘on PaieozoicAplatfotms

and consist of depositional and erosional features_tnat‘record the
beginning, climax and waning of the storm event (ﬁreisa and Banbach.

1982). Typical sedimentologic‘features are: (1) beds with erostonal .
bases and gradatiopal or burrowed tops; (2) feteral thickening and
thinning of beds and lenticular beos; (3) humriocky cross-stratification;
(4) vertical changes invsedimentari structureszthat reptesent transition
from higher to lower flow regimes; (5).gotte; and pot casts;. (6)

reworking of fauna; and (7) sediment infiltration fabrics (e.g. Kreisa,

1981, and.references cited therein; Aigner, 1982} Seilecher; 1982).

In the Port au Port Group, there are several notable sedimentary}'
structures interpieted to be related to storm actdivity on the platform.- .

In other studies, similar structures have been used to substantiate 5_
variety of interpretations. ranging froh strandline to turbidite‘”
deposits. In the Port au Port Croup, however oonstralnts set by the
interpretation of 11thofac1es and’ paleogeographlc setting 1nd1cate that

the episodic features are most reasohably interpreted in a tempestite

model.’ The most common is flat-pebble conglomerate; which is

xnterbedded with parted limestone and composed maifily of clasts derlved

from adJacent beds  (refer to Chap. 3 and 5) Conglomerates with oolitic

clasts are. also occaszonally present in assoc1atlon with oolltes and

‘carbonate laminites. -These conglomerates randomly punctuate the
meter~scale assemblages and are not restricted to any one lithofacies. —

3
LR
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Thev vary from laterally extensive planar beds to more areally

restricted lensoid horizons with planar to slightly convex-downward
. ‘ .

bases. '

The conglomerates are interpreted to be tempestites formed by the
erosion and redeposition of élready—lithified.sediments in supratidal to-
shallow subtidal enuirondents.. Sepkoski (1982) has likewise interpreted
flat-pebdle conglomerates in Cambrian carbonates in western North
Aderica. Other workeys (e.g. Donaldson and Ricketts,.197§) have

frequentLy interpreted similar’types of conglomerates as beach deposits

formed by energetlc reworking of the sediment. High ehergy deposits,

Vhowever, do not necessarlly reflect very shallow water cond1t1ons they

. only indicate that the area was above storm wave—base. Interpretation

of Port au Port tonglomerates SOIelj as beach deposits is precluded by:

v

(1) the absence of subaerial exposure features and (2) the occurrence of
.‘identical'pérted limestones ‘overlying and underlying a conglomerate bed,

e

suggesting no prolonged changes in th2 depositional environment.

Parted limestones also commonly contain centimeter-scale;, erosional

groove'césts or channels. These are termed gutter casts by Whitaker

(1973) and may.afso be ef storm origin: The casts, are interpreted to be

= er031onal features caused by hlgh energy, p0551b1y helical currents

(whltaker. 1973) or scours produced around obstacles (Algner and

Futterer. 1978) Various workers (Aigner. 1982 © . i Kreisa, 1981)

’
v

have proposed that these gutter casts are’ storm features that record an
_eplsodlc 1ncreese in energy on the sea floor during peak storm

.conditions. -
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Two oolite facies have been identified as possible tempestites. The
first consists of 10-30 co tﬂick beds of grev oolite that are associated
with parted limestones and flat-pebble.conglomerates in the upper parts
of the Cape Ann, Bié Cove and Man O"War Members. Radial ooids, which

-comprise'these'oolites. p;g5ébly did not form'in a muddy tidal flat
environment (see Chap. 3). A nore plaus;blg iﬁterp}étation is that ooids
were derived from the sand shoal complex and swept by storms into the
tidal flat. This is substantidted by the aééociation of the oolites
-uiéh stofm-derived'congloﬁerates and the morphologic’ similarity between

the ooids in tidal flat deposits and those in sand shoal deposits of the

Campbells and Felix Members. The second facies includes decimeter-scale

sequences.that oc;ééionally occur in brown bolite. xTheisequences. which
are composed;of herringbone crossfbedded oolité overlain by ripple
.cross—géminated oolite and topped by decracked.mudstone beds, are
interpreted to reflect waning energy conditions following storm
erosion. Similar tempestite sequences inlbioclastic 1ime§;ones have

been documented by Aignef (1982), who also commented.on their similarity .

to Bouma sequences. 0 -

Although'tehpestites are present~throughopt the Port au Port Gfoup,'
flat-pebbleAconglomerates and thin beds of ooid and bioclast;c
grainstones to packstones are more abundant in .the Han o' War Mémber .
This suggests that storm events became mOre frequent in the youngér part
of the. sequence.\ The :hlckness of the conglomerates (up. to 30 cn) and

_the large 81ze of the tabular.clasts (up to 10 cm in diameter) also tend
to 1ndicate storms of longer duratlon and hlgher energy respectlvely J

Lthan recorded by conglomerates in the older part of the sequence.~
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4.4 GRAND CYCLES

4,41 IQLroduction

The Port au Port Group on the Port au Port Peninsula is characterlaed
by .three large-scale, asymmetrical cycles (100 to 250 m thick). These
are distinct from meter-scale assemblages and from the larger scale,
unconformity-bounded, craton-wide seqnences described by Sloss .(1963).
Each cycle spans at least several trilobite zonea and is divisible into
tuélcomponents, each 50 to 150 m in thickness. The_t:q components,

first documented. by Levesque (1977) and termed large-scale megarhythms,

include: (1) a recessive weathering, lower shaly half-cycte composed "of

parted limestone-shale cycles and (2) a resistant weathering, upper

carbonate half-cycle composed of oolite-laminite assemblages. g

Large-scale cycles (90 to 600 m thick) are also.the dominant

sedimentary features i.a the Cambrian of the Canadian Cordillera (Aitken.
1966. 1978) and the Great Basin of the western Unlted States (Palmer and
Halley. 1979; Mount,and-ROwland 1981) These have been termed "Grand

Cycles" by Aitken (1966). As oytlined by Aitken (1981). these Grand

1Cycles character1st1cally cons1st of a lower unit of 1nterbedded

siliciclastic nudstone and lxmestone and/or sandstone (shaly half-cycle)

whlch passes gradatlonally upward into an upper un1t of. predomxnantly

.llmestnne and dolomltlzed limestone (carbonate half cycle) Grand Cycle

boundarles are generally abrupt stratlgraphlc contacts and each cycle

1nc1udes tyo or more trlloblte zones. In eastern North America, no



Grand Cycles have been well documented in Cambrian sections. There has
" only been'onrsory examination of cycles in the southern Appalachians by

Aitken (198I) and Palmer (1971).

Although there are significant differences in the detailed
sedimentology, 1arge;scale cycles in the Port au Port Group possess all
the eésential chatadteristics of Gtand Cycleé and hence are considered
to he Grand Cycles comparable to those elsewhere in North “émerica. In
western Newfoundland they are best preserved in the Port au Port
Pen}nsolelsect1ons. Cambrian sequences at Bonne 'Bay and Canada Bay are
;150 composéd of these larée cycles but they are not as well developed

or exposed. The predominantly carbonate sections at Goose Arm and White

Bay lack obvious Grand Cycles.

Grand Cycles have been_interpreted to be features of passive
continental margins, particularly continental shelves, in which

carbonate-dominated sedimentation alternated with
siliciclastic-infloenced sedimentation (nitken, 1981). Cycles containing
shaly half-cycles wh1ch repreoent slope deposition do occur but are not
well known and will be not be considered further in this dlscu551on
‘SAitken? 1966; Palmer, 1971). The concept of Grand Cycles prov1des a
usefulvgpproach for an ane}yois of Cambrian platform sediments.and forns
the framework for depositional_and diagenetic modelo in'this.study. As
will be shown in this section; use.of'the term "Grand Cycle" does not

imply specific 11thofac1es assemblages or depos1t10na1 procegses. cycles

e

may -vary. con51derably between regions and even thhln specific regions.
Ll
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4.4.2 Grand Cycles in Western Newfoundland

Grand Cycles afe'reflécted in the_ revised stratigraphy of the Cambrian
platform sequenéé krefer to Chapter 2.;Append;x A) and ;an be traced
over an east—wesé distance of appfoximately 45 km on the Port au Port
Peninsul;. They are, from base to top: Grand C)cle "A" consisting of the
March Point Formation, Cape Ann Member and Campbells Member; Grand Cycle..
"B composed of the Big Cove and Felix Members: and.Grand Cycle "C"-.
Eonsisgiug,of the Man O' War Member and the Berry Head Formation (Fig.
4.5). Thé lower sha}y-half—cycle and ;pper.carbonate half-cycle of éach'
Grand Cycle represent two distinctly différent styles of sedimentat@on
and form the basis for detailed examination of the Port au Port Group

*

(Fig. 4.6).

4.4.2.1 Shaly Half-Cycle

£ach shaly half-cycle (50-90 m thick) is represented by thinly

interbedded fine-grained carbonates and siliciclastics (March Point

Formation; and Cape Ann, B;g Cove and Man O' War Members). It is

characterized by the meter—sc53?1unted limestone-shale cycles'which are -
randomly interrupted by skelethal wackestoﬁe and packstone, algal
boundstone and flat pébble conglomerate.  Angular quartz silt is

ubiquitous; rounded, medium to coarse sand size quartz is rare.

5t . e o

The base of each half—cycle is marked by the abrupt appearance of grey

or varlegated shale and generally appears to be conformable w1th the

underlying thick-bedded carbonates. Shales grade rapidly into parted

? ’ '
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Figure 4.6: Schematic diagram illustrating. the components of a Grand
Cycle, based on the March Point Formation, and Cape Ann
and Campbells Members of the Petit Jardin Formation on
the Port au Port Peninswla. ‘
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lirestones and minor cdoid calcarenites in the upper part of the’
half-cycle.. Although ‘the three shaly halfréycles of the Port au Port
Group generally exhibit the above elemerits, the half-cycles are not

identical (Fig..B.9).

- >

Grand Cvcle A. The March Point/Cape Ann/Campbells cvele begins with

-

. the abrupt appearance of fine-grained siliciclastics and limestones -

ébOVe,thick—be&ded sandstones -of the Lower- Cambrian Hawke'BayrFQrmation-

The -basal 20 m is composed of interbedded calcareous siltétpne.po silt§

lime mudstone; 'glauconitic sandstone and limestone: and dark grey

shale. Above the basal interval, quartzose sandstone and intervals with' -

abundant quartz sand ére‘rare in the shaly halfﬂcytle. These

" siliciclastic-rich beds pass grédétionally upward into type I' parted.

‘liﬁestone (linestone and dolostone) with rare desiccation cracks. In

the Cape Ann - Member grey shale becomes abundant, comprising up to 507 of

the parted limestone {type 23. In the upper part of &he.haif~cycle.'t}pe

I . - N - ) : . P
" l.parted limestone again predominates; le. shale disappears and the

‘sectipn is, composed predominantly of dolostone with limestone lenses and

‘ . : ¥
abundant mudecracks and prism-cracks.

.Graﬁd Cycle B, In contrast to the above deséribed sﬁaly half-cycle,

the Big Cove Member'lacks.bésal-sfliciclastic—domiﬁated beds wi;h

interbedded partéd-Limestone,. Some minor. thin beds’ of glauconitic silty

N

limesggpé, however, do occur near the base. The Big Cove Member, in

. particylar’ the upper two-thirds, is similar to the Cape Ann Menber and

exhibits the same upward transitions.

Grand Cycle C.'The'Man~O"Nar Member is distinct: from the dnderlying
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shaly half-cycles in that it»has a greater dikersity of litholog:es.

Abundant aigél-mOund horizons; g}e; oolités;-bioclastic calcarenites;

and flat-pebble conglomerateé éccur throughOu:. As in the.other shaly
) hélf-cydles, the base of.the Man.bf Qér-ﬁénber is marked by the abrupt

.appearaﬁce-of.$iliciclastics. The basal 10 m is composed of interbedded

o . ’ ) ’ y
* dark grey shale, oolite and. laminite with several meter-thick,

dolomipized'algél mquﬁﬁAhbr;zgn§. The shale and thick-bedded carbondté .
quickly diéappear upwafd_in the membér and are replqéed by type 1 parted
l}mesiong with préﬁinent meter-scale cycles; grey shale in this part of
the unit is uncommon. Run;elmarken‘and mudcracks are comnon,
pafticuléfly’in the upﬁer portion of theimgmber.

. ; . .

.‘A.L}ZZz’Transitional Ihtérval

In contrast to the relatively abrupt lower boundary of the shaly
‘half-cyclew the transition to-the carbdnate half-cycle is, gradational

(Plate 2c}. The base of the carbonate half-cycle is arbitrarily placed

.at the first occurrence of thick-bedded carbonates.,

. The onsef of'carbonate.halg—éycle depoéition'is herélded by: the
-.'appgéféﬁce gf thin beds 6f grey oolite within parted limestone at theA
‘ toﬁiof Ehe‘shalx ha1f~€y¢1e; KZ)_£h¢ grgdual development of carbonate
’flaﬁ?ni;e from.pnderlying_and adjacgng parted lime;tone: and (3) the
gragualhdigappéarance oflgrey shale in parted liméétope. V;riegated

_shale in beds up to 1 m thick(may pe interbedded with the basal

C laminiteg. Tth t;ansition occurs over an intérval of 10 to 15 m,



‘shaly half—cyclé.
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4.4.2.3 Carbonate Half-Cycle

Carbonate half-cyc1e§ are toﬁposed of meter-s;éle agsemblages of
thickly interbedded oocid calcarénite and éarbonate laninite. The
Caﬁpbells,Member is predominantly limestone whereas the Felix Member and
Beffy Heed'Férmationjére dolostone. stromatélite and ;hrombolite aound
horizons punctuate the meter-scéle assemblages and minor recessive

horizons of parted limestone and red ‘and green shale are present .

throughout.

' The base of each half-cycle is characterized by interbedded brown
oolite and laminite, the latter often showing well ‘developed prism
cracks. Grey oolite is uncommon until the upper partion of the cycle:

where it is interbedded with laminite and brown oolite. Minor
calcareous sandstone, composed of medium- to coarse-grained quartz sand,

and local concentrations of rounded quartz sand and angular silt are

present, partiéularly in the Felix Member.

" The upﬁer boundary of each Crand-Cyf}gis-parked_by the abrupt
abpearance of thick beds of siliciclastic mud of the ovgriying cycle.
The chénge. howgﬁér. is a ;apidly gradational transition oécurring over’
an intérval.of appréximately’S té 7 m...In this inte;val. thin beds of
va%ieéatgd;shale énq parted limés;§ne are interbedded Qitﬁ carbonate-
beds near the_tob of thé.cafbonete half-cycle; minor beds of ooid

calcarenite and carbenate laminite occur in the basal part of the next



99

4.4.2.4 Boundaries

Critical to the understanding of Grand Cycles is the nature of the
S : 2 ‘
boundaries. Are they disconformities? Are they time-synchronous

horizons?

In the Port au Port Group both conformable aﬁd disconformable cycle
boundaries occur.. The boundary beéween'Grand Cyciés A and B, B and C,
and the top of Grand Cycle C appear to be éopformable. This is
supported byithe ayailable biostratigraphic data and the abseh;e of
subaerial exposure horizons. 4 possible d;séoﬁformabie boundary has
been noted at tﬂL bouﬁdary of the upper_Middle.Cambriah March Point

Formation with the underlying Lower Cambrian to lower Middle Cambrian

(?7) Hawke Bay Formation (Palmer gnd Jamés.,1979). _ 9

v
s

Within each Grand Cycle the strata appear to be generally conformable,

although hardgrounds and subaerial exposure horizons are common

- '

throughout the sequence. These diastems'appear td represeﬁf'ﬁfipuses of
relatively short dura;ion, at least shoréér ehan that detectable by.

- trilobite bioétratigfaﬁhy. There are no m;jbr thaﬁges‘in lithologies"
above and below the diastems.  The notable‘exception is'fevealed by
biqstra;igraphy and involves a condensed interval presént'just below the

top of Grand Cycle B. Here several‘Upﬁe:.Cambrian trilobite zones

(Aphelaspis, Dicanthopyge,-Prehousia and Dunderbergia) are concentrated

in an 8 to 12 m-interval (refer to Chapter'2; Levesque, 1977). The
interval consists of interbedded carbonate laminite and glauconitic,
arenaceons brown oolite which is also suggestive of reduced

‘sedimentation rates, L ' o . )
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-i @lthoughfcrénd Cyéle Boundaries are eitner relatlvely abrupt or
rapidly greda;idnal, determination of the eynchroneityiorhuiachroneity '
of'cycle boundaries in weetern-Newfoundland io‘beyond‘the:reeofu;lon of
the biostrétigraphy.currently availaple. Stuuies of beher North H

"American Grang Cycles, howeyer, proyide‘sedimentologic,ana

bioseratigraphic evidence regarding cycle ‘boundaries. ~Aitken (1966,

19815; from his wérk in the Canadian Cordillera, proposed that the bases

e

of Grand Cycles are approximately time-synchrenous horizons. Palmer and -

Halley (1979), on other hand proposed tﬁat Grand Cvcle boundarles of
N v .

the Hlddle Cambrian Carrara Fornatlon of the Great Basin are sl1ght1\
1

diachronous. A1tken (1981), however, poxnts out that this d1achrone1ty

Y

is 1nherent in thelr model and 1s not supported by faunal or

sedlmentologlc evidence. . S . -

In-contrast,:;he_transitional intervals beeween‘the-shaly:half—eyeles
and the overlying carbpnate half-Cyolesuhave been documented to ue
J;aehronous, younging toward the‘craton; in.borh'the Canadian Rockies
and the Great Bas1n (A1tken, 1966' 1978 Palmer and Halley, 1979; Hount'~
and Rowland, 1981) In western Newfoundland there is some-
biostratigraphlc ev1dence,-a1be1t scant, that the tran51t10nal inrerval
between Grané.éyclee A and;B is also diechronous. On the Port eu Port

3

Peninsula, .the upper -part ‘of the‘Campbelle Memoer-is in the Cedaria

zone, whereas the lithologically correlatiue interval at'Bonne Bay

probably belongs in the younger Creplcephalus zone (Levesque. 1977 D.

Boyce, pers. comm., 1983)
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4.4,2.5 Great Northern Peninsula Outcrops

: R

Of &he sections examined aloﬁg fhe‘Great Northern Penihsuié'only those
ét:Bonne Bay and Canada Bay exhibit the sameAstyle.of large-scale
cycliﬁity as documented on the ?ort au Port PghinSUIé (Fié. 4.7). Field
@escriptions of the sections in éq;h.areé are givén in Chapter 2. The
. half—cyclés are similar in lithdlogy but differ considerably in unig
thicknesses bé;ween the diffe;ent areas.‘lin the Bonne Bay section,
there are two nearly complgte Grand Cycles and.a'fhird dne_that is
mostly obscured. by talus. _Tﬁey are correlgliﬁe-with cyclesﬁ"A". "B",
" and "C" on the. Port_au Port'Peﬁinsula,‘but have thicker shaly
half—cycles: In Canada Bay, there are fOQf Grand Cycles (60-120 m
thiék) of which the lower ty; are éonsiderably ihinggf.thah‘Pogt au Port

Peninsula cycles.' Lithologically, -"A" may be correlative with the lower

two cycles in Canada Bay, and "B" and "C" with the two upper cycles.

Grand Cycles are not recognized in Goose Arm and White Bay. Sequences -
in.these two areas are predominantly dolostone and are similar to

carbonate half-cycles documented in the other areas. Directly below the

Berry;Head Formation in both areas is a-75-80 m interval of shale,

parted limestone and stromatolite/thrombolite mounds. It is similar to

shaly half-cycles and may bé correlative.with the Man O' Waf Member on .

the Port au Port Peninsula.

Qutcrops along the St. Barbe coast contain lithologies'that are

* similar to equivalen: siiata ia other areas in western Newfoundland.

Discontihuous coastal exposures, however, preclude assessment of the
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Stratigraphic cross-section of the Port au Port Group,

western Newfoundland with lithologic correlations, Goose.
" Arm.and White Bay sections (right) are included in the
~carbonate belt. Bonne Bay, Canada Bay, and Port au Port
‘Peninsula. sections are included in the more leeward

(westward), mixed carbonate-siliciclastic belt (refer to
Fig..1.1). B ‘ '



us vow wmp ' ,
‘ o M4 INIOd HOH YN . W \W
) .. 0] ’ : * (O] .
. _ . 1

103y.

G
~ GOOSE ARM
|
{(

f
o
> |
L) . O
- »
»
’ . _s‘r AU PORT PENINSULA

uuuuuuuuuu

3[.._ € o

" ST. BARBE COAST T

BONNE BAY




104

lithofaciee in terms of Grand Cycles; there are extensive covered
intervals in the Petit Jardin and Berry Head Formations.

. - . - )

4.4,3 Other North American Grand Cycles.

Grand Cycles documented in other North American Cambrian sections by
various workers bear all the essential éharacteristics of Grand Cycles
as defined by Aitken (1981), but vary in their detailed sedimentology.
The following section is only a simplified summary of the .various cycles

because no cycle:.is identical to any other one in the same region.

4,4,3.1 Southeﬂg:Canadian Rocky Mountains

Detailed study of two contrasting types of Grano Cycles was ;onducted
by Aitgen (1966, 1978): the Middle Cambrian Stephen-type cycle and thé
_Upger Cambrian Sullivan-type cycle. Eoth are interpreted to repres@nt'.
dEposits of an inshore basin on the order of 1900 km iong;'700 to 1100.
km wide.and greater toan 8tol2m deeo kshaly half-cycle) tonfined

* behind a.platform—rim carbonate shoal éoﬁplex (carbonate half-cycle).

In the Stephen-type cycle, the.shaly half-cycle (Stephen Formation) is
composed predomlnantly of par:ed 11mestones (type 1). with an 1ncrease |
" i the proportion of greenlsh—grey shales approxlmately halfway through
the half—cycle. ThlS grades upward into a carbonate half—cycle (Eldon
Formatlon) that 1s a monotonous sequénce of parted llmestones and
mottled lime mudstones with minor dolomitic laminites and grainstone;.

Aitken (1978) interpreted this type of Grand Cycle as the record- of

deposition only in a quiet spbtidal basin which pndefwent a transition
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from predominantly terrigenous—-mud deposition (shaly half-cycle) to

carbonate-mud deposition (carbonate half-cycle). A narrow carbonate

&0

é& ' shoal (lesﬁ than 20 km wide), not represented in this cycle, was
‘ situated to.the west and laterally discontinuous, thus permitting tidal
exchange across the barrier. This resulted in only rare "high energy" _

———

sediments in the shaly half-cycle.

g . : i
Meter-scale E;cles are present in both half-cycles. The lower 24 m of

the Stephen Formationzcontaiﬁ two laterélby extensive cycles, each
composed of (ffom'base.to'top): ka) argillaceous lime mudsEonei (b)
parted iimestone: and (c) cr&pqalgalaminated carﬁgnqte. The Eldon

; %ofmation commqnly exhibigs'phe foilowing meter-scale cycle (from base

. to top): (a) burrow-mottled l;péstone and-golostone: (b) white pellet

grainstone; and (c) cryptalgalaminated carbonate.

>'In‘;ont;asp. shaies are the predominant lithqlogy in the shaly
llbglf-cycle (Sﬁllivan Formation) of the Sullivan-tybe Grand Cycle. They
\ ére.interbedqed'with.ébundanﬁ cal;arenites; parted limestones (type 1);
. cbnglomera;es; aﬁd cafbonate laminites: The overlying carbonate
hqlf—qycie (Lyell Fbrmation) is composed 6f‘ooid’g?ainstones; parted

limestones; dolomitic laminites; and conglomerétes; These half-cycles
. . ; ] - '
record a relatfzely unbreached, broad carbonate shoal (up to 400 km

wide) which sepgrated a muddy }npnéshélf basin from the open ocean

(Aitken, 1978).

The uppef part of the Lyell Formation alsc has meter-scale cycles

A e

composed of (from base to top): (a) parted limestone, wavy bédding and

flaser bedding; (b) parted limestone, lenticular bedding; and (c)
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laminated. dolostone, commonly with quartz sand at ‘the top.

»

4.4.3.2 Great Basin ' g , ' . K ) ‘._'. -

Palmer and Halley (1979) examined in detall the Thwer .and -Middle °

Cambrian Carrara Formatlon of the~sgnzﬁg£2-Great Ba31n. .The format1on. ..

contalns three complete Grand Cycles and one partlal cycle, each 100 to’ :' - )

150 m tthk. "Each cycle consists of a lower shaly half-Cycle of shaIes ...

and siltstones with thin beds of siliciclastic'or'carbenateisilt to ' '< =
. \ . . )

fine-grained sand. Lower 5111c1c1ast1c beds are occaS1onally graded and :
~

contain flute castsl Toward the top of the half—cycle, limestone beds

become more abundant and pass gradat1onally upwards into the carbonape '_i\ -
half—cycle, composed: of subt1da1 lime mudstone facies- (commonly pe101dal
limestones and onc01d~skeletal packstones) and 001d gra1nstone, and |
intertidal and supratldal algal boundstone. Srllc}clast;c rpcks )

predominate in the east and carbonates predominate in outcrops to the”

*wést and northwest.

. . . ‘/‘. '

- Palmec and Halley (1979) 1nterpreted these cycles to represent (1) a'“
- ‘_" .

shoreward -zone of predominantly s111c1clast1cs dep051ted in ‘a broad

shelf lagoon (maximum depth of approx1mately 100 m) whlch was bordered

'R v-".

on the east"by the tratonic shorellne and (2) a carbonate platform to f'}: P
’- . '. L

the west of the lagoon which consisted of carbonate 1slands (malnly in- _-af E:-{

—

westernmost areas) and a subtidal platform-lnterlor 001d sand blanket

situated eastward of a protected subtldal platform.domlnated by .

LB

carbonate mud deposition. The similarity between thesezCarrara.Grand .
Cycles and those of Middle Cambrian age in the Canadian Rockies has;heen';d
noted by both Palmer ard Halley (1979} and Aitken'f1981).

——



- .Shale. Slmllarly, ‘the Varlegated shales (shaly half- cycles) p1nchout

SR S [T

. Meterfscale cycles are not désc;ibedlby_Palmerfand Halley (1979). My

" own field observations indicate that cycles identical to those in the

Middle'and'Upper,Cambrian of the Canadian Rockies are also present in

carbonate half;cycles~of'the Carrara Formation. No cycles are apparent
in -shaly half-cycles.

»

- ~4.6.3.3 Southern Kppalachians

The concept of Grand Cycles has not been used to described Cambrian

N sfraﬁa3in.thls region. . Aitken (1981), however, briefly stated that at’

least‘the Middle Cambrian is also a sequence of Crand7Cyc1es that are

- virtually identical to those of the Canadian Rockies and Great Basin.

‘Based on Palnei (1971), Middle and Upper Cambrian platform sedinents

of the Conasauga Group in the northern sector pf the southern

-

Appalachlans CV1rglnla Tennessee) are composed of 1nterbedded limestone

'and dolostone, 150 to 450 m in th1ckness. and varlegated shale,- 70 to

'200 m thlck. The'carbonates (carhonate.half—cycle) whlch are composed

?

'_of ma851ve 11mestones: oolitic dolostone and- 11mestone. stromatolltes, 0

<

and flat pebble conglomerates plnchout to the west into the Conasauga

'eas;ward into the Honaker Dolomlte and_Elbrook-Formatlon»carbonates.

Palmer (1971) 1nterpreted thls succe551on of sed1ments to represent a

‘.carbonate shoal and ar leeward shallow marlne env1ronment domlnated by

5111c1clast1cs. Markello and Read (1981) prov1de a detailed descrlptlon

'of the Upper Cambrlan Nollchucky Formatlon (shaly half-cycle),

'1nterpret1ng 1t to have been deposited w1th1n and per1phera1 to a

©2
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subtidal intrashelf basin.

- . - -

4.4.4 Facies Models

Examination of Grand Cycles is facilitated by their bipartite nature.
In western Newfqundland. these large-scale cycles represent two

différent_depos{tional environments that left records of shaly and

' carbonate half-cycles now vertitally superimposed in the rock record.

The following is a summarf of the sequences in each type of Newfgfundland -

‘half-cycle and their interpretation, compiled from detailed descriptions

presented in Chapter 3 and in the previous section on “meter-scale

assemblages".

The shaly half-cycle exhibits.an overall .shallowing-upward change.

" Ideally each shaly half-cyéle.is composed of a basal shbtidal—dominated

Jnterval an intermediate 1ntert1da1 domlnated portlon, and an upper

suprat1dal—dom1nated 1nterva1 (Fig. 4. 8) Each 1nterval is on the order

. of tens of meters thick. In tucn, each shalLowing—upward shaly

half-cycle.isicomposed of parted limestone-Shale cycles which consist of

basal subtidal sediments that grade upward into 1ntert1dal and

' suprat1da1 sed1ments. The style of these iﬁa&ler shallowing- upward

cycles varies vert1ca11y within the half-cycle. .Shallowlng-upward

.

cycles in the suﬂtidal-dominated interval are charécterized by'thick<~

_subtidal sediménts S1m11arly, 1ntert1da1— and suprat1dal domlnated

_'_ intervals are composed of cycles which conta1n thlck 1ntert1dal and |

'.‘supratldal components, respectrvely,<aqd.mlnor beds of~the ‘other two y

B2 Y
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components.

A shaly half—cytle teptesents deposition in.muddy tidal flats which
developed leeward of'carﬂgnate sand- shoal complexes. Two_depositional

hodels are possible: (1) t?e tidal flat which dexeleeed in the lee of a
earboﬂate shoal complex was seearated from thevshere by a subtidal basin
(e.g. southern Appalachlaes — Mintrashelf basin" of Markello and Read,
l98l: éanadian Rockies —-'"inshore basin" of‘Aitkee. 1678} and (2) the
‘tidal flat passed-westyafd (landward) into prograding terrestfial |
éediments of the cratonic shoreline. The applicability of.these models
to .the Port aU'Port sequenée is considefed_in the following discussion
of "faciés belts". “

Unlike the shaly half-cycle, no ovetall shalloeing— or

deepening-upward changes'ate present in"the carbonate half-cycle. The’

only 1arge—scale'vertical variation observed 15 the absence of éubtidall
grey oolites in the basal part of the half- cycle Meter-scale,

oollte—lamlnlte sequences occur throughout

Eaeh‘carbonate half-cyele'represents sedimentatioa in an carbonate
gand-ehdal complex .The'absence'of veftical variations in lithology
substantlate the 1nterpretat10n that the camplexes developed by rapid
vertlcal and lateral mlgratlon of the laterally dlSCOﬂtanOUS
eemponents.} These cqmplexes. hoyevery probably onlg formed poon.
barriers Between'tﬁe shoréward tidal flat and the open ocean. This
’ 1nterpretat10n is supported by the absence of evaporltes, the frequent.

storm deposats and the development of t1dal-generated structures ‘in

shaly half—cy;les.
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Altﬁﬁﬁgh Port au Port Grand Cycles arg.compbsgd of vertically repeated
‘shaly and'carbdnate~half—cgtles. they do not.necé;sarily record
mggratipns'qf.ge}sistent depqsitioﬁél énv;fcﬁments.' fnsﬁead théy are
.interpreted to_?éfléct'the devélopment_éf two.lé;eéélly'édjacent

~ mega-environments,. ooid sheal cpmplex'and muddy tidal flat, that varied

in both time and space in requnéé'to_envifonment31 changes. There are
‘three styles of platform sedimentation:
(1), The Mar¢h.Point'Formation records widespread, huddy subtidal

conditions over much of the platform.

. (2) Shaly half-cycles of the.Cape Ann. and :Big Cove Members contain no

evidence of conpemporaneods cérbbna;e shoals in the lower three-quarters

of the units. The consistent appearance of grey oolite storm deposits,
s . . : S -

deriveq'from'more seawarafshdal comple%eg, ih-ogly éhe ﬁpper beds
suggests that the .carbonate shoal did not exist ;n the immediate .

- ) Yiéiﬁitz of the mixgﬁ belt until the latér stages Qf.ghaly half-cycle

- -deposigiéni Tye egtensive dol6$t9nes of whip§ Ba&raﬁleoose Arm in the
Iz-.CArbqnate bglt, hqwever, indicate.the.viréually_péntinQOUS présence of a

carbonate’ shoal’ complex further to the east.

(5) In'cohtfasf, the'Mah 0}'War Memberlof'tﬁe'?etit‘Jérdin Formation
A.ié pun;tugpgd‘ﬁhroughopﬁ byisféYAooiite:and'th;;'iﬁterprbted to havé
-'beén erositgd‘in,the lee.éf a-persistenﬁ ca;bahétg shoal. The membef,
:apbéarsztb‘bé tfaceébie befqéehﬁﬁhe exémined.seé§ion§ in wesferﬁ
Nedfouhdland (Qitﬂl£he'ékéeptioh of fﬁe St. Barbe buterops) but‘whéther}“
- it i; a'synéhronqﬁs-or_d@aéhrdnéuﬁ uﬁit:cannot be aefermined due td-:.
'..ihsufficiént.biostréqiggaphic contfblif". |

.
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4.4.5 Facies Belts : '
As described in Chapter 2, the six outcfop area§ of‘;he Port au Port
Sroup caa be divided intoAan easterly earbonate.belt. which contains
thité Bay aﬁd Goose Arm éu;crops, and a westerly,.mixed’carbonate and
‘siliciclastic'belt. which includeérsegtions from'the.PqFt au Port
_Peninsula, Bonne Baf,‘Canada Bay and the S#. Bérbe ;oast. Gfand Cycles
are vériably developed in>£he_mixeq sediﬁen: belt:_‘They appear to
disappear eastwérd bf towards the shelf margin into the carbonate belt
‘b}the pinchout of the shaly'halfécycles into predominaﬁtly_carbonates.
Bésed upon western North American models, Newfouﬁdiand‘Crand Cycleé‘
probably disappear westQafd or cratonward by tﬁe pinchout of the
carbonaté half-cycles into‘predominantly'finé-grained giliclastics and
carbon;tes: this, however, cénnot be vérified. fhe restricted lateral
éxtent of'Grahd Cycles on ghe platform has been well documented in other
. North, American Cambrian outcrops and is copsideééd‘to be an essential

characteristicAof typical Grand Cycles (Aitken, 1981).

The position Qf western Né:£0und1and‘outcrobs relative to the
. ~ . . . !
shoreline and platform edge is uncertain. Based upon the.thicknesses
_and interpreted pinchouts of the carbonate and shaly half-cycles and

comparison with western North American examples, it is proposed that:

1..The'carbonéte belt represents an area. of mékiﬁum deve}opmeht of an

= Extéqsi;e'carbonate-shoallcaﬁﬁléx thé; probablyfformed on the outer part.

g qf.the plapfbrm. probably near th¢ platform edge. Plécement qf this
belt agar'the‘platform edge cannot be substaqﬁiated as fhe_shelffslope

n
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4 . : . . \ . -
tradsition is not seen in Vewfoundland although the ‘shelf- edge has been

poé:ulated to be near the eastern flank of-thg Great Northern. Peninsula

(Knight, 1980b; James, 19813,  \

2. The mixed sédiment belt records _deposition of carbonates-on the "
leeward flank of the carbonate shoal complex, énd mixed carbonates and

.lSiliclclastics of aﬁ adjacent tidél flat., ° The relatmve paledgeographlc
positions of the ;ar1ous outcfop areas can be de{ermlned w1th1n the ’

mixed belt. -The sequence at'Canada.Bay,.with its generally thinner
‘carbonétéahalf—éycles.‘ig 1nterpreted Eo‘be situated c;atoanrd of :hé
sequenée on the, qup aﬁ Port Peninsula. The Redinsulé §éétiqn'is iﬁ turn
consldered to be slt;ated farther'fr;m the craton than the thick shaly -~
half-cycles and reduce&léarbonaté half—c}cles of.Bonne Béy (Fig. K.l).‘. T
'There is an overall thlcken1ng seaward from the most cratonward ééctxpn ot
.at Bonne Bay ‘to the.Po;t au Port Peninsula which"has the best_developed'

.Grand Cycles and the thickest section; a slighfrthihning is seen seaward

_ o{_the_Peninsula toward ‘Goose Arm and White Bay.

-~

It is imbortantlgo note that tﬁe.Ber;y Head Formation, traceable in
all'examinéd.areas in western Nleoun&laqd, does not exhibit ﬁhis'
l'ea;t—;egt facies chanée..‘Insteéd} it is a relatively uniform uﬁit'that'

con51sts of a blanket of dolomitlzed perltldal carbonates, 1nclud1ng
dololaminites, grainy (0011t1c°) dolostone and algal mounds. The March
Point Furmatlon, formed predomlnantly of muddy subtldal sediments, also
/z%ows a‘ poor fac1es d1fferent1at10n. the preponderance of oolites. and’
Voncolltes in the" Goose Arm sectlon, however, does’ support its placemegk

“din the outer area of the Cambrian platform. o
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Given the thickness and lithologic uncertainty aof the covered

intervals on the St. Barbe coast, the position of these outcrops on the

- Canibrian platform and their relatioﬁ'tp Grsnd Cycles cannot be

evaiuated. Knight (1980b) proposed ‘that the Port "au Psrt Group.in the

porthern;and western areas of the Great Northern Peninsula (i.e., St.

Barbe coast) ‘is am ihner platform deposit and that equivalent strata in

Canada Bay are, part of the plafform margin. /3Com¢arison of exposed St..

‘Barbe outcrops with more southerly NewEOUndland areas, however, reveals
fllchologlc similarities wlth both outer (Coose Arm Whlte Bay) and more

" inner platform dep051ts (Port au Port Penlnsula. Bonne Bay).

-~
[N

'Outbrdp iimita;ions to the west, imposed by'the Gulf of St. Lawrence,

complicate the placement of Port.au Port strata relative to the.

L4

.paleoshoreline., The closest fossiliferosus Middle and prer Cambrian

platform sediments.a}e limestenes and shales of the Corner-of-the-Beach

and Murphy Créek Formations (Fritz, 1972) on the Gaspe-Peﬁinsﬁla.

" Quebec. These formations are depositionally on strike with Port au Port

'rocks Locations dlrectly west .of Newfoundland (200-300 km

»

nonpallnspastlcally) and dep051t1onally across ‘strike have Ordov1c1an
rocks wh1ch resg d1rectly upon Precqmbrlan‘basement (e.g., the Quebec

North Shore and Anticosﬁf Island' North, 1971). These observations imply

that the shore11ne during. Port au Port dep051t10n was s1tuated within

'what is poy the Gulf of St Lawrence and suggest a shelf width on the -

order of 200 km. FurtHErmore._the absence of evidence for an 1ntrashelf o

basin (refer to Chap} 3), along with an insufficienﬁ’shelf width to

contain a basin of the dimensibns:propdséd by Aitken (1978) and Markello

. snd Read (800 km long By 300<400 km wide; 1981),_suggest.that tidal
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flats connected the carbonate shoal complex with the craton.

The concept of fac1es belts has been used prev1ously for Cambrian
platform sedlments by Roblson (1960), Palmer (1960, 1972) and Palmer and
Halley (1979) for the Great 8351n-§nd by Aitken (1966, 1978) for the
C;nadian'Cofdillera.~Three'belts were recognized which represent the
areél distributioA of lgthdfacies at a given time: (i) an inner detrital-

_bélt of dominanti}'siliéiclastics (shaly half-cycle); (2) a middle
carbonate belt (carbonate half-cycle); and (3) an.outer detrital belrt. vl
The facies belts defined in this study take into consideration both the |
verti;al and iéteral distribuéioﬁ 6£ lithofacies. Limited
biostratigraphic control above Fhe Mafcﬁ Point Formation‘precludes

- unequivocal determination of time-equivalent outcrops.:

4.4.6 Sequence of Formation . - - .

The following sequence, is posr:latéd f&f the fqrmatioh of a single
ideal Grand Cycle of the Port.au Port Group:

(1) Marine transgression{2], butfing most of the region under shallbw.

subtidal conditions in which mixed deposition of cafBonate'sediments'and

]

.siliciclastic mud prevéiied.-_A narrok(cafbona;e shoal ma9 have

persisted in the outer platform. \_

(2) Increased deposition of siliciclastic muds with continuing
- transfression and advent of relatively high energy conditions.

B

2. The term "transgression" is used here with no genetic connétations.’ -
A .discussion -of possible mechanisms for Grand Cycle formation is
presented at the end of thls chapter. . .

-
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(3) Establishment or lateral expansion of a carbonate sand shoal near

-

the platform edge as transgression slowed or stillstand was reached.

-

(&) Continued development and‘lateral-migration of'thé shoal
(carbonate half-cycle) forming a protective barrier which still allowed
circulation with the operi ocean. Muddy‘tida} flat conditions developed
in the 1lee df the shoal'(shaly half—cycle). "The platform did not
stagnate as indicatéd by the lack of abundant sup;a;ida;_carbonates and

L .
widespread, subaerial exposure horizons at. the top.of the Grand Cycle.

(3) Relatively rapid, renewed transgressién, marking tnenbeginning of

. the next cycle.

. Only the March Point Formation.in Grand é;cie A condains evidence of .
'exnensive subtidal .conditions (events 1 and 2). Most of the cycies
reco;d.a nérrow rangd of events (gdgnns 3 to 5) which, as disgussed~in:
following sectionm is in contrast tolqthen Caﬁbrian Géand Cycles in
Notrth Amgricnl | .
It mdsf bé:emphasized thdt mixed'cafbonate and siliciclastic.

egeposzxtlon in Grand Cycles in western Newfoundland appears to be in:

Vd

contrast to shelf sedlmentatlon models for pure 5111c1c1ast1c$ ‘or

'carbonates. In most models transgress1on results 1n (L), drown1ng of

carbonate reefs pr platforms. or promotlon of carbonate platforms

capable of keeping up w1th relat1ve sea level rises and (2) drowning of

éiliéiclastic,sources (Kendall and Schlagef, 1981). To the contrary,.

e

transgre551ve events 1n che above Grand Cycle model favour w1despread

diStrlbutlon.of,9111c1clast1c-sedlments.- The 3111C1clast1c muds were
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likely derived from sediment sinks that deveioped near the shoreLine_
during a period when there was insufficient energy to transport them
seaward. With transgression. these sediments were remobilized and'
transported seaward into the tidal tlat. This,explanation‘has also been

suggested by var}oﬁs workers for western North.American Grand Cycles

(Aitken, 1978; Mount and Rowland, 1981). = ‘~' ' B

4.4..7 biscussion

LY 3

4,%.7.1 Regional Comparisons

The eastern and western flanks of the craton each possess a SR

!

- heterogenous carbonate shoal complex and a miore shoreward belt of mlxed

carbonate and 5111c1c1ast1c sedlmentatlon From the prev1ous

discussion, however. it is apparent that there are 51gn1f1cant

differences in the'arrangement and dlstribution of lithologies between

: western'Newfonndiand and western North American Grand Cycles:

[

(1) Shaly and carbonpte half cycles in western Newfoundland contain

i'shallow subtldal, 1ntett1dal and supratldal sedlment shaly half-cycles

" in western North America are predomlnantly subtidal.

4.

. -

. (2) Shaly half-cycles in vestern Newfoundland record dep051t10n of a-

muddy tldal flat rather than a shaly intrashelf bas1n as in western

s

'North Amerxca and the southern Appalachlans..

.~ e

(3) Intertldal and suprat1da1 sedlments of the carbonate half-cycles

“are not concentrated in the upper portxons of the cycles in western

Newfoundland whereas in the western.Nortn America-thereeis'a progressive’

o
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shallowing upward to supratidal carbonates.

) .
. 2

(4) Lithofacies and meter-&cale cycles within shaly halfiéycles in
western Newfoundland are distinct from those in carbonate half-cycles,

unlike in western North America where there is considerable overlap of

. >
. lithofacies.

¢5) Individual Grand Cyélés within each region'record deposition on

different parts of'gpe platform’as shown (Fig. 4.9). Cycles in western
ﬁewfoundland énd tbé;gouthérn Great Basin contain no record of the
ﬁiatformﬁedge whéreas; in the Canadian Rockies (Kicking’'Horse Rim), the
location of the carbonate shoal at the platform edge has been yell

documented.

——t

(6)'ﬁalf-cycles in western New{oundland and the Great Basirms,

consistently record deposition in two distinct mega-environments. In

-

the Canadian Rockies, however, a Grand Cycle may record deposition in

only an intrashelf basin (e.g..Stephen—type cycle)f

. . ‘ A
(7) Karst surfaces are common in western Newfoundland carbonate

half-cycles whereas, in western North America, evidence of extensive

karst has not been abserved except near the Kicking Horse Rim in the
?‘ ’

1Y

q§nadian Rockies.

-~
.

’

(8) Port’au Port.Grand Cycles are generally thinner than those in the

LCanadian Rockies. .> . .-

(9) The areal distributién of Cambrian platform sediments.flankihg the
North Ameriéah craton is unequal. In western Newfoundland,

discontinuous Cambrian exposures extend over 100 km across strike and
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Cnmposite diagram of Cambriap platform based on the
folinwing selected North American outcrops: southern Great
Basin (Palder and Halley, 1979; :Mount and Rowland, 1981);

"Canadian Rockies (Aitken, 1978); and western Newfoundland

(this' study). .
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are interpreted to be part of an estimated 20Q km;wide'shelf. In the.
westnvcambrian‘outqrop_and subcrop can be traced continuously over aA:
distance of'at least llé@akm across strike. North Fl971) proposed that
these dlfferenceS'were related to variations in the Precambrian_basement
that haue given rise:to: (aj a.narrower margin in the east that would
have effetted.ahrupt lateral variations in Cambrian sediments and {b) a
wide, gentlf dipping'platforn in the.west on which‘gradual'lateral.
’vardatdons in facies were developed. '

In splte of these dlfferences (possible causes are.examlned later in @
'Athls chapter), the sequence of events postulated for the formation of
Grand Cycles in the various reglons is slmllar Interpretatlons by
Altken (1978) for the Canadlan Rockies and Mount and R0w1and (1981) in
the southern Great Basin are basically in agreement withﬂthat proposed .
fqr uestern Newfoundland; the'key points of which are: (1) a marine
'transgression produced an influx of-shorewarduderived siliciclastic mudsi
E across the underly1ng carbonate shoal and. (2) the gradual establlshment
and growth of a carbonate shoal accompany1ng a d1m1n1sh1ng 5111c1c1a5t1c
‘nsupply and slower transgre531on. Palmer and Halley (1979) suggested a .
.mlnor varlatlon in whlch 5111c1c1ast1c influx arose through an

, autocycllc mechanlsm._ Thex_proposed that-the subtidal-carbonate'

' sourqe area "became tﬁ: small to _pr_ovi'de sdffic_ien_t sediment for
'progradatxon of.the.carbonate'platform' shoreuard siliciclastics
cont;nued to mlgrate seaward and eventually covered part or all of the
'carbonate Sboal.. A1tken (1981) however, p01nted out that there is no

ev1dence for d1achrbnoUs boundarLes in Carrara Grand Cycles as are

required'for this interpretation_ahd suggested that this model is open

.
.
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_to challenge.

13

4.4.7.2 Regional Correlations

'in the past, correlations of:Cambrian Grand Cycles in western and’
eastern North nmerica have been precluded-hy poor faunal controlz the
;ariahility in.the definition of Crand Cycles; and the lack of well.
ldocumented e;amples in the east. In iight of more .recent studies and
several,review papers on;Grand‘Cycles. at least‘first.order
. determinations of cycle correlations are how possible.

. : . b J_l..
_Based on detailed lithologic and hiostratigraphic correlations in the

’ ’ .

Canadlan Rockles, the relat1ve1y abrupt boundarles of Grand Cycles
‘appear to be essentially 1sochronous (A1tken,,l966; 1981) Palmer

(1981a§ has .used this to correlate the tops of Grand Cycles in Cambriag”
strata examined in North America. Included in-his' study are sections

-
-~

from the Canadlan Cordlllera. Great Basin, southern Appalachxans.

. ' L 3
Montana, Wyomlng, and northern MQXICO Plottlng the Grand Cycle

boundaries on a correlation chart using triLobite zones, he was able to

show some degree of correlation between the various regions,

Vparticularly‘those in the.weSt;’”THis'analysis is summarized in Figure

4 10. Numerous cycle tops can be traced 2500 km from Mexico to the

'Canadlan Cordxllera._thls is in accord wrﬁ? conc1u51ons reached hy Fritz
(1975) for nger Cambt1an sequences in the same regtons. " Some .
dlstlnctlve cycles present in the Creat Ba51n regzon. however, are not

correlatlve wlth any in the Cord1ller3 In contrast. only minor ties

ex1st between'Cycles 1n the west and those it® the southern Appalachxans

..

on the other 51de*%f the craton. In Palmer s (1981a) appraxsal it must
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be noted that the data contrdl is poor in the southern "Appalachians, -

.. Ngsthwest 'Territories and northern Mexico; he included only ope section
from each region. [’ . S T

.

.

. . . . . .
. . * . s Lt . .

- . ‘

., N

Tentatlve correlatlons may be made betheen the three Grand Cxcles

. f
o ..

recognized on the. Port au Port Pen1nsu1a and those exam1ned bv Palner -
. . o -

(198la)”in the Great Basin- and Canedlan ROCklESa Although there is-

'uncerta1hty &s to the age of some cycle boundarles on the Port au Port

‘ -

'Peninsula, the scarce trlloblte data ava11able 1nd1cates -only sllght
boundary d;fferences from those in western Vorth Amer;ca. Furthermore

7 - 4 . :

'the 1nterva1 of- cqndensed sed1mentat1on in th& upper part of the Felix

“ ° .

- 3 ’

Member near the Dresbachlan and Francon1an boundary , here1n termed the -

- - - . L4

: sub—Elvinia unconformlty (refer to Chapter 24 Palmer and James, 1979),
correqunds to reglonal disconfOrmltles seen dn- tHe Canadidn Cordlllera. R

[P s+ . o

o 2
Montana,and ‘parts of the northern Great Ba51n regzon (Palmer. 1981a..

. »
o« . . . M

19818). . | o o SR ST

.
. ‘e e . . . N . M

4.4.7.3 Proposed Mechanisms . |

.Numerbus mechanisms have been bostulated for the formation. of Cnand “

., : . - ’ k2

Cycles ranging from'widespread"processes‘usuch as eustasy, to more
. . f . . : ¢

restricted processes, such as varlatlons in rates or’ d1rect10n of ¢

tectonic movements or-c11mat1c fluctuatlons (Altken, 1966) Any proﬁosed

hypotheses must account for the Epllowrng observations: » '
. 4 _ , . PR L.
v ‘e w ‘ . :
(1) Geqgraphic Extent -— Grand Cycles ‘are recognized-on both sideéibf
the North Ameritan cratoﬁ-hﬁt_appear to be more. laterally extensive in , , ..

. ~ b « . ' K
2 ’ ' H

‘the west. -
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(2) Correlation -- Cycle boundaries can be correlated between the
various reglous in western North America and so ‘e degree of correlation

‘exists between sequencés on either 51de of the continent.

(3):Pefiod — Based oh an estimated time interval of 45 million vears

. fgr ?he ﬁiddlé:and Late Cambrian (Cowie and Cribs. 1978), the three -

Crahd Cyclés in western Newfoundland wére each‘deposited in about 15
million.years.A This is a Yery.simplistic treatment that does not -~
consider such:facto;s as ;he sdséélvinia unconformity or differences in
cfc}e thicknesses. Aitken.(196é) estimated beriods on the order of 9
millioﬁ vears fp;'Grand Cches,in the'Canédian Cofdilléraﬂ These
Ia(éé-sgale qyciés afeion thg-scale‘of Vairbec al.‘g (19?7) second—order
éyéleé.- : g

(A) Coup11ng Effect —- ‘Grand Cycles in the Canadlan Cordlllerh and the
--Great Ba51n are overall shallowlng upward cycles Intertldal ‘and

supratldal carbonates at the top’ of carbonate half- cycles are abruptly

overlairm by subtldal shales suggestlng that 5111c1clast1c dep051t10n was

.1n1t1ated by relatlve deepenlng of the. shelf (Altken .1966, 1978‘ Palmer

* and Halley, 1979), Subtldal shales are not’ present in cycles in western
Newfo@ndlapdy

(5) Boﬁ&dariés'—-‘The abrupt to faﬁidl§.grad5tional cgntacts. of ‘Grand
Cycles are )nterpreted as 1sochronous surfaces. The transition between -
the two half cycles. however. is dxachronous tend1ng to "young" in age-
toward the craton. (A1tken, 1981 PalmerAand Halley, 1979; Mount and

Rowland, 1981). !

f(6) Meter-Scale Sequences -- Half-cycles are compqséd‘of smaller
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repeated sequences. Shaly half-cycles on the Port au Port Peninsula are
. commonly composed of meter-scale, shallowing;upward cycles; carbonace
half-cycles are composed of ifregular sequences of limited lateral

.

extent,

Platform sequences and their cyclicity are controlled by the rate and
directioh of relative'sea—ieyel changes Giilson, 1975). These-
fluctuations in'turn'are gcverned by the'balance‘of'three tontrols: (Tg'
sea-level eustasy (sea—level ehanges tegardless‘of,cause as redefined by

Morner, 1976), (2) subsidence; aod (3) rates and t}pes of sedimentation

(Kendall and Schlager, - 1981)

v

Eustatic Model

Consideration of the geographic'extent and degree of correlation‘of

.Grand Cycles in North America suggests that global or, at least,
[
cont;nental—scale processes controlled Grand Cycle.formatlon. Eustatlc

sea-level change7appears the most feasible. Dynamic regional factors,

such as matgin morphology, rates of subsidence and sedimentation,

however. may have been in'lafge-pert responsible for the different

-

’ sedlmentatlon styles and the 1mperfect correlation of cycle boundar1es :

-

between reglons (Morner, 1983)

Eustatlc chanées have been postulated by various workers to control

4 '

large—scale cyc11c1ty by absolute sea- level rlse ar, fall and by changes :

in’ the rate ‘of sea—level rise or fall Vail et al. (1977) proposed‘-

that the f1rst component created asymmetr1c global cycles that recorded .

1

3radual se&-level rlses 1nterrupted by sudden falls in sea- level _Jamés'

. (1984) suggested an’ alternatlve model that 1nvoked essent1ally
. e
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symmetrical sea-Ievel rise and fall to produce similar cycles. o

The importance of the second component was demonstrated by Pitman
¢1978). He postulated that transgressive or regressive events at passive
margins are caused by changes in the rate of-sea-level rise or fall.

" This hypothesis hasﬁbeen employved for Grand .Cycles by Aitken (1978,
1981), Palmer and Halley (1979) and Mount and Rowland (1981). Since the
Cambrian was a period of widesoreéd sea-level rise (Hollandj 1971), they

proposed that differential rates of relative sea-level rise were the

Q

ceusitiverfactor in cycle formation. The basal interval of a Grand
Cycle reflected a rapid rise in relative seaflevel nhich initiated a
-widespread intlux of'fine-grained eiliciclestlcs onto the'carbonate
platform. The tran51t10n interval represented the gradual decrease in
the rate of relative sea-level rise which ‘allowed development of a
Cérbonate_shoal on theﬁhuter shelf aﬁdhlanaward migration of the shoal.’
A new phaee of'rapidvrelative‘riee triggered the next cycle. -

A}

As'pretidusly descrlheo. the”upner.part of erno Cycle B (Felix
,‘Me'mlber) in the Port eu_ Port Cronp contains a condensed zone of ‘ >
'_glauconitic, areneéeoos volite; carbpnete-lamihite; and quartzose
'send3tone which is COrre{ative'with'the sﬁb—Elvinia unconformity .
recogn1zed elsewhere in North Amer1ca. The occurrence of a hiatus w1th1n
a- cycle, 1nstead of at, cycle boundarles ‘hppears to .be anompatlble with
'the concept of Crand Cycles and: prompts re-exam1nat1on of the necessity

for rap1d sea- level changes and the nature of sedlment response.
: .

'A‘simplified'model‘based on the Port au Port sequence.is developed

using the_@pbroach teken.bf Jaﬁes-(l98&; and references cited‘therein).
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This modél shows that an asymmgtrical.flargg-scale'CYCle containing

unconformities‘?((condensed intervals may he developed by gradual and

relatively svmmetrical changes in the rates of sea-level rise (SLR)}.
Rates of sedimentation and subsidence are assumed to be constant. As -

outlined in Figure 4.11, the sequence of events are:

(1). A rapid iqfreasé in SLR floods mpth'of the platform and
remobilizes shdreline—derived silicicldstic muds. Subridal conditions

.

“persist during this stage (e.g. March Point Formation). More commonly,

“however, sedimentation in the muday_cidal flat keeps dp with SLR

_tdward ihe qdjacent tidél flét;' _— .

resulting in meter-scale, shallowing-upward cyvcles with a thick_subtida¥

.

component.

(2) As the inérease in SLR slows, the shaldowing-upward cycles become
more p;ominent and devefop thicker|intertidal”$nd'sdﬁﬁatidél.'
gomponénts. o - ' .-

“

(3) The decrease.in SLR is initially SIOw,eggarbonate deposition.in’
the high energy shoal complei is.re—estaﬁlished and-graduqklx‘gXpandSA'

’

. + . : -

.

(4) SLR decreases more rapidly and sedimentation in the shoal complex
readily keeps up with or:qutpaCes~sea level. Meter-scale CT

oolite~laminite aésemblaggs form in response to migraﬁing shoal

components and contain aburdant coastal paleokarst features.

*

(5) Sedimentation dutpaces the slowest rate of SLR resulting in

_either: (a) very shallow water conditions with intermittent intervals‘of .

subaerial exposure (mudcracks) and reduced .rates of gafbdnate

) p . ¥ ) ] Cy . . :
sed1mentat10n so that accumulations of siliciclastic sands .are






e
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"-concentrated (e.g. sub-Elvinia_of Felix Member of PortPau Port Group) or
(b) widespread subaerial exposure as sea level recedes beluw the

‘platform margin (e.g. sub-Elvinia unconformity of western North American

_Grand Cycles).

r

(6) Slow increases in SLR re-establish carbonate shoal deposition.

1
.

-
Po——

Although a’very simpfﬁfied treatment, the above model ilrustfdtes. .

several key.points about the meEhapics of Grand Cycle formation that

have'generally been overlooked. Firstly, cycle boundaries may have

-

. . Ly : k .
- lagged behind periods of maximum and minimum rates of SLR, indicating

~

" that swpposedly "anomalous' intervals of reduced or non-sedimentatiom
B : . O

" within a cycle are 1n fact compatible with Grand Cycle mechanisms. The.

nature of cycle boundaries may have been strongly influenced by
localized environmental‘cogditibns and thus varied between regions
-, * ) L H

whereas "intracycle" discontinuity surfaces probably reflect major

eustatic changes. 1t is not surprising, therefore, that regional

correlations based on cycle boundaries are poor.” Secondly, the
widéspreéﬁ pe}itidal nature of Port au éort.shaly and carbonate
half-cycles may‘be explained by (1) tLdai flat and shoal sedimentation

that was able to keep.up with SLR and (2) possibly lower amplitudes of

——

SLR than in western North. American cycles, which have subtidal shaly

+ half-cycles and lack extensive .subaerial. exposure features. Maximum SLR

: : MR I~ " .
was sufficient to reactivate shoreward-ponded muds which werge th%}

.

concentrated during deposition in upper inrertidal and supratidal zones

R R
o 2

and represent the shallowest éomponeﬁt of thc-éhaly half-cvcle.
: N . . - IS

G- , : to . .

s

24

]
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Eustatic Causes
.\ » .

' b N ’ ’ . [}

- Eustatic fluctuations may be controlled by’-(l) dhangesfin the volume

. of ocean water through glacial processes — glac1al eusfasy. (2) chaqses
. O 153 5

1n the d1str1but10n of ocean water due To rotatléhal gi? v1tat10nal
AR

fluctuations —-- geoidal .eustasy; and (3) changes in the vokume gf ocean
basins related to tectonlcs (isostasy or. orogenesis) —— tegggnoj;ustaéy
(Morner, 1976; Grotzinger, 1985). Thé légaatwo controls may_invq{ye
long-period changés (1-100 my; summarizedin Morner, 1983) and may'be
applicable to Grand Cycies; glACial eusta§x;involves §hbrter—period
events on the scale of meter—scalg-c}cle periodsJ{Greséiﬁgzzjﬁ198§5. Of
. particular importance is the influence of geoidal.eustasy.Q Due'to
geoidal® changes. eustasy is not globflly synchronous and - is valld only
'reglonally or locally (Morner. 1976 1983). Thls may partlally account
for the imperfect global correlatlon of drand Cyéles and suggests that
- the podr correlation of G;and Cycles between eastern aéd wéstefn Nerth
America does not‘neceésarily pre¢lude a pfimary eustatic'mechanism

(refer to Palmer, 198la). . .

4.5 SUMMARY

B}

Repeated sedimentary assemblages are the dominant sedimentary features

in_the Port au Port Group on éhe Port—au Port Peninsula.

":‘. : . . . ) . < \ : '

-Predictable meter—scale, shallowlng—upward cycles of parted 11mestone
N
and shale, deposited in muddy tidal flats. are best explainedlby an

autocyclic mechanlsm by which cyclicity is contrblled by rates of .

~

. B
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carbonate sedimentation: ~This‘n@hel however. has several possible
pitfalls, such as 1nsuff1c1ent rates of platform subsxdence. suggesting
that an allecyclic model 1nvolv1ng changes in relative sea-level cannot

berdlscounted. ~In contrast,_meterfscalevoollte—lamxn;te assemblages,

deposited.'in carbonate sand shoal complexes, are characterized by
;unpredictable lithofacies sequences. These assemblages are most

,reasonably ewpla1ned by vertical accretion and frequent. rapid mlgratzon.

of the shoal complex 1n response to such factors as tidal variations and

storm activity.’ Both these assemblages are punctuated by dep651ts

~interpreted'to be storm derived: they rnclude: (I) flat—pebble
conglomerates-and gutter casts in'parted7limestones; (2) grey-oolites'in'

arted limestones; and (3) occasional "waning energy" sequences in brown
. 10g 13 q

.

Grand Cyclesraré composed of a lower‘shaly half-cycle; composed of

parted limeStoneeshale cycles~ and.an.upber-carbonate half-cycle of

oolite- lamth1te assemblages. Integratlng detalled gpservatlons fnom the .
-, Port au Port Penlnsula, where these cycles are best preserved with

glnformatlon from outcrops on the Great Northern Penlnsula. each Grand

I'A a

- Cycle 1s lnterpreted to represent dep051t10n on the leeward flank of ‘an

exten51ve carbonate shoal complex, probably 51tuated near the platform

' .edge, and an adJacent muddy tidal flat The 1nterpreted sequence of
: Grand Cycle.formatlon 1nvolveS' (l)ra rapld_marlne transgre551on whlch

flooded the platform w1th shoreward—derlved smllclclastlc muds and (2)

the gradual development of a carbonate shoal and leeward t1dal flat

:jaccompanylng tﬁe waning of 5111c1clast1cs and slowed transgresslon.

Tentative correlations and the ‘overall 'lithologic similarity between



™

smaller areal extent than the other North Amerlcan cycles. These

jflank
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Grand' Cycles in the Canadian Rockies, Great Basin and western = ' -

: . N - A N o 4' . : " . ‘.4- - . .
Newfoundland suggest'a eustatic mechanism, posgibly involving changes in

Cople

the rate of‘relétive sealleUel.rise.~for the formétion-of Grand'Cycles.

4

Unllke these western Vorth Amerlcan exanples Grand Cycles in uestern

;Newfoundland are composed of perv351we, per1t1dal sediments and lack

ev1dence for an 1ntrashelf ba51n. They are 3150 thlnner ‘and have a
?a

! dlfferences empha31ze the variable nature of Grand Cycles and may be

. attrzbuted to such factors as narrower shelf wldths. lower rates of .

——— \ *

Sedlmentatlon' and lower amplitudes of relative sea-level changes on the

: northeé%ternl flank of the North Amerlcan craton relative to the western

o

-
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PART B: DIAGESESTS

INTRODUCTION A ' . L

This sectlon is a documentatlon of diagenetic aspects of carbonates in
“the Port au Port Group on the Port au Port Pen1nsula. Calcite and

dolomite “re volumetrically the most important components in the

" sequence, and their fabric_dariabilit_\’ suggests that they are the joint

~dolomitizatiomr and particularly the origin of parted limestones.

products of deposition and diagenesis. Other authigenic minerals, such
as silicd and fluorite,,are of minor importance and are not considered

in any detail.

Chapter 5 includes description and interpretation of intergranular and

intragranular cements, conglomerates, and erosion surfaces, which

-suggest a range of lithification processes. The sequence of

lithification and evidence for early lithification in {ine-grained

1

carbonates set the "diagenetic -stage” for subsequent chapters, providing

critical evidence for the interpretation of ooid alteration, |

Examination of the variety of cajcareous ooids in Chapter 6 provides
evidence regarding ooid genesis and deposition under varying
_ , . . )

S _ .
_environmental conditions in sand shoal complexes. Study of these.

v

ab1ot1c pdrtlcles also enablés speculation as to the nature of

mlneraloglcal transformatlons thh ‘burial, and secular trends in

4 i . . .

carbonate dep051t10na1 m1neralogv.

-



)

138

. -
. »

Chapter 7 deals w1th _the origin of parted llmestones which, as

suggested from field observatlons. is not solely dep051t10na1 Cathode

lumlnescence (CL). in conJunctlon with eV1dencerrom_mudstone

conglomerates and hardgrounds in parted limestones, is used to determine
the influence of diagenetip processes, particularly early lithification,
mechanical -compaction and pressure solution. This interpretation is

applicable for similar strara throughout'the rock record.

Dolomites, examined in éhapter 8, are-described- using mainly CL-

. ’

properties, enabling interpretation of the seguence of dolomitization

and the effects of depositjonal conditions and early limestone
‘e . . . N ' N o . a .o
lithification. '

Chapter 9 is a.synthesis of the sequence of carbonate diagenesis and

examines carbpn'and,degen isotoaic analyses of calcites in light of_
previously described field, petrographic.and CL evidence. Depositional

interpretations and interpreted diagenesis are also briefly reviewed in

order to determine a.depositivnal-diagerietic model.

-~

The distinctive luminescence of both Sediments and cements in this
study enables extehsive nse of CL..In eonjunction with standard

petrography, CL is used to- (l) examlne m1crofabr1cs, part1cu1arly in

.

ooids, that cannot be dlscerned by. other methods; and (2) dellneate

: compositlonal zoning W1th1n calcite cements. dolomltes, mudstones and

calcareous particles that enables qualitative estimates of the spacial .

and temporal variations in pore-water chemlstry {e.g., Sommer, 1972;

Carpenter and Oglesby. 1976; R1chter et. al.. 1981 Amleux. 1982)
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TERMINOLOGY
f“"“"‘j:‘
In the following chapters, calcite and dolomite microfabrics are

described, requiring the definition of some terms
. T -

. CL colours of calcites in this study are variable intensities of
yellow-orange, brown, or' black; these colours are designated bright and

moderate luminescence:; dull luminescence; and non~luminescence -

- fespectivéiy. Dolomites have a similar range of CL colours but also

have rgd-CL. ‘.

Crystal sizes of both caleite and dolomite ére déscfibed using the
- classification of Folk (1974b): )

aphanocrystalline less than 4 pm
very finely crystalline 4~15 um

finely crystalline 15-62 pm
medium crystalline 62-250 um
coarsely crystalline 0,25-1.0 mm -
véry coarsely .crystalline 1.0-4.0 mm

extremely coarsely crystalline

greater than 4.0 mm

Calcite and dolomite crystals may be ‘euhdral, subhedral, or anhedral

as defined for igneods rocks (Bates and Jacksbﬁ, 1980). 1diotogic.

N

h}pidiotopic, and xenotogic”referAto crystal_mosaiés in which most of
I . - . . -
) : . : s 3

the crystals are euhdral,' subhedral or anhedral, respectively.
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LITHIFICATION

5.1 INTRODUCTION

L 1

Two major phases of lithification are recognized in the Port au Port
sequence: an early facies-specific phase and a later non-facies-specific
phqse.'"The.spectrum of early-cements and sedimentary structures -

reflects variability in the shallow marine environment, whereas the

. later cements exhibit little var;ation and are cqmm&n'to almost all rock’
' preé in the Pért au Po;t Group. The first section of this chaptef is a

: deséfiption and inﬁeppretation of - the différent types of cements and the
matrix Sedimen§‘<based~@n-tﬁin—secgion pétrography'ahd staining ‘
techniques, and CL. %he second section of thig.chaptér examines
cowglomératé horizons, hardgrounds and emersion surfaces, providing

additional evidence for early lithification.

5.2 CEMENT PETROGRAPHY

Most intérgranular and intragranular pores in calcarenites and
calcirudites are occluded by a variety of. cements that are now calcite.

a
h
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Siﬁiiar éehents ar;:also pfgsen£_in ;tromatolite-thrombolite bioherms,

- and biostroqgs! where they aré:intimately associateé with organic and:
lime mud comf.)onent:s. Five types of cement ﬂ recognized: (1) fibrous.
calcite;;(Zj mi;ritic.calcite (isépéchops and-ﬁéhiscus); (3) syntaxisl
calcite gvergro&ths} (4) pr;smatic clear calcite; ahd'tS) blocky

calcite.

‘S,ZQA Fibrous Calcite .

This generally non>ferroan calcite occurs in intergranular pores in

grainy sediments and_as encrustations in bicherms and biostromes.

'Radiaily oriented.(perﬁendicular t@ substfate) f;brous éalcite-i; the -
most pervésive ceﬁenp-in calcarenites and cglciruditeé, barticularly in
grey oolite (Plate l6c, d)i It is éenepally the first géqération Qf‘
cement an@.may-occluQé all origiqélApsroéiiy. _Fibrous cement is also
“found in brown o&iite‘(Plate 21b,e),-flat~pebb1e.conglomerétes and
biociaStic'calcarenités and.calciruditQS,'but is volumetrically less
‘than the mi;ritjc matrix. This cement occurs as isopachous rinds, . 25-50
" pm in thickness, around pafticles but may thicken up to 100-125 Fmﬂéway; .a‘
f;bm gréin'tontacts to form polygonal sutures (Plate l6a; cf. _Shinn;'_
1973).-Two lumineséence;stages éomﬁf&se ;h;se céhéhé.rinds: (1)»
vmodéfate—iuminescent, isopachous, incfusion—righ calcite; and (2)
dulléluminéécent, inclusiqn-poor céicite'eéystals with noq;lumingscént.
corés: These crystals are:in bptical'cohﬁinuity with trilobites and

-radial ooids.

In biostromes and bicherms, fibrous ca}cite'lines'sediment-filled
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: cav1t1es, and also occurs as r1nds and botr501ds 1nterlam1nated with
' - L@
micrite and cryptalgal structures. These calcites have patchu dull to

- moderate lumlnescence 51m1lar to flbrous calc’te Cement in .
- . N ~ - . v

calcarenltes. Indlstlnct zéning, 50-~100 pm w1de. of alternatlng dull
and moderate lumlnescence occa51onally occurs. Two.types of f1brous
calcite, whlch often occur together in the same cryptalgal structure as

separate cement generations, are recognlzed (Flg. 5 1)

f..ngg_lr'Fan-like arrays‘of fibroue calcite'ef'variable size (from
',100-200apm in width and lengrh).aad orientation are present throughout
etrehazolifes ana thremboliteS‘(PIate'Qa, b).: In.hand specimens, these
fans.appear'as black clots. They are comiposed of single or |
multlple-tlered layers of radlatlng, cone shaped beaaies up-to 0.5 mm
.in width.and height. -ConeS‘have a turbid appearance imparted by
,.abuneant iaclesiéns, and curVed, convex—eutward, tyin famellaer
__ﬂ,ﬂ_Inclpeioné are»qccasionally cbﬁcentrated'in zones; up to 50 pm wide[

that parallel cone terminations.

Cones. are composed of direrging crystale, which are approximately
20—40“pm in width aa§ upzto 1-2 mm.in length. Crystals are'
sharacterized by sweeging extincﬁion and distally divergent‘opticfaxesf
Intercr;stalline.beenda;ies are straight to consertal but are commonly #

.iadistinct;ﬁand marginal cryScals either parallel_cone‘margins or abut

S against adjaceat CQ“PS'-1I9 two dimensiops; erystal terminations are .
generally scaleﬁohedrar'or»square—endeg. This type of calcite has also
been terhee-faeeicularLObtrc celcite by Kendall™(1977).

-‘? Type 2; This'calcite consists of brown-coloured, faas or spherulites

-
-,
»
L
’









_ generally consertal and crystal terminations are scalenohedral to

r.ov

to only siightly undulose extinction and ‘straight to slightly-curved .-

"and their syntaxial calcite ‘overgrowths, and with radial ooids.

- ~ . . : . »

which grade laterally and vertically into arcuate to wavy-planar’

. » . .
laminae. These arrays are composed of prismatic crystals, which ’

aistidgu;sh this type from type 1 fascicular-optic calcite (Plate 9c,d), Lo

These prisma:ic crystals are inclusiénkfich'and;up to 500-600 pm in

‘ length and 200-300 pm in width., Intercrystalline boundaries are

" square-ended. - Unlike type 1 calcites, prismatic calcites have straight

twin lamellae. They are in optical-continuity witk echinoderm frpgments

IndiVidual-cryStalé or bundies of crystals are commonly overlain by

© structures.

siley micrite (Plate 99), alth0uéh some crystals project into overlying
p ‘ T T T N : S
micritic laminae (cf. James and Ginsburg, 1979; Mazzullo and Cys, 1979 .

"and other references cited therein).

] .
- . . " . -

Laminar ;rrays. 200;500_pm thick, typically have prismatic crystals
u;tﬁ uanrd-directed cryst?l terminations and are intimately
intenl;ﬁinaged withisilty micrite Jaminations ;f similar thicknessl_.
Cement-m;c;ite‘lamgfa;ions méy be coqginuods or discontinuous with?ﬁ','

stromatolites and can be traced between ad jacent stromatolites. This

R
-

_laminated calcite also encrusts the surfaces of micritic laminae and -

.intraclasts in ‘sediment adjacent to biohermal and biostromal

5.2.2 Micritic Caleite =~ | L

4

Micritic calcite forming rinds, up to 50 pm.in thickness, around ooids

Y

is present in ooid calcarenites. (Plate 16b; 2lc). Rinds may be’

. M [ ]
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4 ;:..i z, . “. R o - . - " . . e - . ) 1,
) . . S '. ‘ B } e ' , \ . L
P “;y. -f . . ;}. . BN " .
: 130pachous (cf BP!CRET, 1971 Janes et al., 1976; Macintyre. 1977) or - .
N ¢
- . . %,
§ . -mi-a th1cken’ neg!' gra‘hcontﬁcts neniscus calcite' of,?lmhan 19/1)

’

Thls calclte may elther precede 9r succeed fAbrous calc1te cement and .

Mo ) 2 ) ) :_
- generally forms a separate nlm of cement: ey rare lnstances tsopachous Lo
. - e * \‘ i .- ‘ -,
m1cr1te passesalaterallv into 1sopachou9 fibrous ca1c1te. ‘Micrite B .
) cement ‘can be dlfferentlated from lime mud natrlx bv 1ts noderate’[ T

luminescence;1 I50pachbus micrite is common in grey oolite, vhereas
’ : e Vg . 4 ) - . » ..

. . P @ # . U Y
meniscus micrite T's.rare, occurring only. in irregular patches in brown

oolite‘d%?.in'oolitic intraclasts composed of concentric ooids.

. b

5;2:3'Prismatic Ciear Caleite * A.iﬁ T T T

.

© - This cement occludes intergranular pores in bioclast caleirudites and

flat-pebble conglomerates, and in vugs andgburrows in parted limestones

-

and?cnyptalgal structUres.(Plate-10a~d);.It occurs either as the first
2 .

stage of cementatlon, which completely or partlallv rims gralns, or the

second stage after Lsopachous flbrous or micritic calcite céments or

micritic matrix. -BlOCky calcite and some syntaxral calcite overgrowths

'Y

occlude rema1n1ng pore space (Plate 10d) Prismatic caicite‘méy:form a

s1ng1e frlnge of crystals or tiered, fan 11ke crystal arrays. In

»

coarser gralned lxthologles, perched sed1ment composed of micrite,
peloids and siliciclastic silts gene}élly inhibits-ceﬁént'precipitation
on the top surfaces of large grains so that the best development-of

prismatic¢ calcite is in shelter porks. No micritic sediment has been '

deposited subsequent to.prismatic calcite precipitation, This cement :is

never present "i%oca'lcarenitwraclasts. L .
: S e g .

’ . L -

Individual crystals reach up to 2 mm in iengtb and 1.0 mm in width and p

. B - [
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generally have straight intercrystalline boundaries and scalenohedral

- . . \ & : .

crystal terminations (Plate 10a, b). Numerous twin lamellae, which may
2 . 4

-

be curved concave or convex toward the substrate impart a turbid

‘appearance to ctystals. Prismatic calcite exhibits uniform extinction

between crossed polars and may syntaxially overgrow trilobite

e y : . . = U :
fragments, From CL, two optically continuous stages-are recognizabler

{1) The preximal stage is a-sub-isopachéds ftinge:of inclusion-poor,

L]
e

ferroan calciteiwith‘patchy, dull.lnmineétence. Cryeta}s habits range
ey
from ac1cu1ar (100—200 pm.Ln length) 1in medium crystalline .mosaics to

~

prlsmatlc (50 200 pm _in wldth aud 200-800 pm in length) in very coazsely
crystalllne mosaics. They have sharp, stralght boundarles and ' ¢

well-deveioped scalenohedral termlnatlons.n T
A

(2) The disfalostage of moderate-lumineSEent, generally non-ferroan

S

: ca1c1te encloses the prox1%%1 stage and generally occludes any remaining:.

por051ty. Inc1u51ons gre congentrated-ln 200-300 pm thiek rlnds at
R e : o : a

cryStal margins.t Some occurrenCES'df this distal stage have

scalenohdral termxnations displaylng mode;hte-dull luminescence ‘which

»

pass gradatlonally into moderately to brlghtly luminescent ‘blocky

.

calcite cement (Plate llc)

. D
. -
M ‘.

S1m11ar'prlsmat1c ca1c1tes have been documented by James and Klappa

'I

(1983? 1n “Lower Cambrian Forteau (southern Labrador) biostromes and

. bloherms and coarse—gralned calcarenltes.

) :
5.2.4 Syntaxial Calcite

Echinoderm pertieles and their syntaxial calcite overgrowthg, forming

E.

. ——
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optically single crystals, are ublqu:LtOUS features in all rock types

(Plate lla) Overgrowths only partlally occlude 1nterst1t1a1 v01ds and
A.
are not developed on particles with micrite rims. Overgrowths are

generally non-ferroan and ‘always have a dull tc moderate luminescence,

whereas echinoderm particles aré ferroan or non-ferrdag,and exhibit dull
e . p ’ . . .
or patchy, dull to moderate luminescence. Fibrous and prismatic calcite

-

, cements'adjac'ent to clear calcite overgrowths may have -wei;l—developed
. . . .. 5 ) ‘J‘ .
crystal terminations or more rarely, fibrous calcite abuts against the

. overgrowths along a sub-planar contact. In matfN¥<rich sediment,
4 ' over}rowths are commonMy absent, but when they occur they tend to be

poorly—developed, inclusion-rich rinds, up to SO um thick.

: .
? ' ’ ¢
» . . : . .
.

5.2.5 Blocky Calcite

[

This cemént is present" in all lithofacies occluding any remaining

- ! S0 : .

primary porosity in calcarenites and calcirudites (Plate llb; 2lc); it
‘ B . . i N ‘ ’
' is volimetrically the most important cement'in some brown oolites ahd

flat-—pebble conglomerat'es.' Blocky calcite also typically occlude's.: (D)

B .

' ¥ ooid a{xcl skeletal molds, vugs ‘and burrous: (Plate 1l¢, d; 27b d);o(2)
' voids create . mechanlcalcgr’aln defqrmetlon (Plete 17b); and (3)
- C _ fractures that S':‘rdé;’ﬁ'ut ali g'raine %eerl‘:i.er'cement's.
B L _ " B

. Blocky-calcite ranges in size from 5!3—200‘,.1:11, and shove~ah increase in

- % . size away from the substrate. Two sepamte 1um1nescent stages are
)

recognized but not .always develqped (Plate 11c) (1Y a w1de1y—developed
N, -
proxlmal stage of 1nc1u51on-r1ch, ferroan and non—ferroan calc1te, whlch
- . e -

s axhibits, moderate and dull lumlnescence and (2) a r stage of
Ly ¢ '; '3 ¥ L
b

l , non—-ferroan ca1c1te, characterized by mgderate right luminescence. -

v
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This last stage is less common and is Lhe last cement in the Port au
_ Port sequénce. It is present only in 1arge 1ntergranu1ar cav1t1es and
bloclast molds, some fractures, and replaces dolomite rhombs (refer to

- "dedolomltes in Chapter 8). _ ; L _aﬂ

- _'5._2:.6 Micrite ﬁatrix .

Although cements dre the most important interparticle material: in

igrainy sediments, micrr{e matrix containing bioclasts and silt-size“. -
R < SEELET e ) o . o
 guartz and feldspar grains is also present in some grey oolites (Plate

;17a4f).~This-matriX"iS'élso the most pervasive.interparticle component.

N of brown oollte (Plate 21e, £) and; flat- pebble conglomerates (Plate -
12c) Matrix is of varlable abundance .and occurrence. (1) partlally or’
completely occludlng void space, (2) occurlng as’ perched sedlment on top

" of larger gralns; and‘(3) present'as a geopetal fltt in large v01ds."

M1cr1te matrix tends to. 1nh1b1t cementatlon, but when interpartltle,q
. - &
cements are developedr 1t may postdate or predate fibrous and mxcrltlt

,calc1tes and some syntax1a1 echlndﬂe;m overgrowthﬁg but predates

prlsmatlc and blocky ca1c1tes. : ",?':' o .‘ . : . e 5.

‘,r

. . L o . L. . -

’
R

.3,f5,3‘INTERPRETATIONf.Seouence and-Environments gf Cementation

" Comparison of-the spacial and temporal distribution of cements in all
rock types reVeals a recurrlng cement sequence in both subtidal and

1ntert1dal sed1ments. ' The followlng 1nterpretat10n is 9ased 1arge1y

upon grey and brown oolltes, whlch best dlsplay the various types of

7
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cements and their distributiqn. Data from flat-pebble conglomerates,
- B ‘ - S , . 1

.

°bioolastic'calc'arenites and ‘bicherm and biostrome carbonates’ supplement

_this interpretation.

4
4

W

Phase | involved precipitation of facies-specific cements that were

commenly succeeded by matrix deposition: fibrous, isopachous micritic,

. . Lo . t . .
- meniscus micritic anmd ‘some syfitaxial. calcite overgrowths. Phase 2

»

}nciodedulimestone dissolution, forming moldic porosity, and prienetit
célcite frecioita;ion. Phase 3 inQolved fractdring. and precipitarion5
of blocky calc1te and the remalnlng syntax1al calcite overgrowths‘ not
1nc1uded in- phaSes Ior 2. In contrast to phase 1, these later phases ;
L. i ‘

are non-fabric specific, affecting all limestone lithofacies.
* . k4 - 4. dle . ! - ,

-
.. N .~ e
.

*
P |

5.3.1 Phase 1 —- Subtidal and Intertidal Cementation

a . . . ’ .

5.3.1.1.00id Calcarenites ) N . o

~ « - . N RS
. N .

Flbrous. 1sopachous m1cr1t1c and menlscus caIC1te cements are .

LY
- .

1nte1preted to‘be synsedlmentary 1n orlgln, 1e, they were'precipitated

- ‘e

.under the 1nfluence of shallow-marlne waters, contemporaneous wlth or'

o
Y .

) sﬁortly afcer sediment deposition, FIbrous'and igopachous micritic

.-‘k

]
‘\evidence of subaerial 'exposure- (2) their assoc1at10n wnh fossﬂlferous

ca1c1tes, which are ggll developgd in grey oo‘&tes of subtldal origin

(Chap 3) are 1nﬁe{preted to haVe prec1p1tated under submarlne " .
condltlons (sh&llow—marlne phreatlc zone; James and Choquette, 1683).

’

ThlS is baseéd on: (1) thelr occurrence in ‘subtidal sedlments whlch lack’
“micrite matrix,. interpreted as marine 1nterna1 sedlment, (3) the1r

occurrence in 1ntrac1asts' and (4) their 31m11ar1ty to modern submarlne

@
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cements — Mg calcite occurs as micrite-sized, and -acicular or bladed

cryspéls in rinds or completely filling pores, whereas aragonite
: consists of‘micripeisize cryétars or acicular crystals'in isopachous

r1nds, 1ntergranular meéshes or botryoids (e 2. James and Choquette,'

1983 and references cited thereln) Fibrous calcite’also rarely occurs

o ) Lot . : . . :
in brown oolite and may have prec1p1tated‘1n these.intertidal sediments

(Chap. 3) during periods of submergence. :.: 4

Meniscus micritic calcite is restricted to'intertidal brown oolite
-that ‘is poorly cemented‘by the éhove—deécribéd submarine cements. .Theé

preferehtlal occurrence’ of” m1cr1t1¢ calcite at grain contacts suggests

—_— e -
.,

prec1p}tat10n‘1n partlally,water—fllled pones-to_form marine beachrock
(Dunham, 1971),~as would. be expechedhin the intertidal zone; Hodern-

mlxed-water vadose zones commonly have menlscus cements’, wthh have a

.
v

patchy dlstrlbutlon (e gu James and Choquette, 1983)

'513.15§ Bioherms and.Bioefnome§--}r. .- -

-~ . . Ay
A . -

sy - . N -

Fibrous calcites in .biohermal and biostﬁpdal carbonateé are . -

.«1nterpreted to be synsedlmentary cements t%r: were prec1p1tated durxng

.

and shortly after the growth of’ these subtiaﬁi and. 1ntert1dai structires

e E]

e but prig}{to deposition bf ohe;lyiné sedlmentsf Modern reefs are
'"cemmonly ‘characterized by concohitanﬁ feek gkowth and cementation by ’
" fibrous and botry01dal aragonlte and m1cr1t1c or hladed Mg ca1c1te
(e, g James et al., 1976; James and Glnsburg, 1979). A 51mllar 1nterplay
"‘ is env1saged for the Port au Port structures,'ln whlcﬁg¥1brous calcite -

was a constructlonal component £orm1ng on growth surfaces, rather than

e
just a'upld-fxll;ng preclpltate...Thls 1nterpretat10n,ls based on the



following observations:

(1) They are similar to }sdpethoﬁs fibrous calcite cement in ooid
‘calcarenites, which is interpreted to be of synsedimentary subtidal

origin. e e , o . . .

(2) The direction of crystal growth is consistently upward as g

‘1nd1cated by (a) the radlally orlented elongate crystals, (b) the

increase in crystal Hldth away from the" substrate and (c)’ the

develbpment of crystal terminatioqs directe@ away from the substrate..

(3) Silty micrite interlaminated with fibrous calcite commonly
filtered downward irto interctystalline pores of the.underlying fibrous
calcite isolating individual crystals or-.bundles of crystals.

* Although fibrous calgite cements;ate clearly. components of Bioher&al

and biostromal® carbonates, the degree of organic influence on -
cementation and the causes for different cement morphologies in such
close spacial.association to each othér-have‘not yet been'dete}mihed.

Mazzullo and Cys (1979) have s1mxlar1y 1nterpreted masses of radial
- >

calc1te cement in the core of Permian phyllo1d algal ‘mounds, New Mexico,
to have precipitated on the sea floor. Bwth of th&se cements;

accompanied by voidrfiIIing.marine sediments and- cements, resulted.in an’

i CIEY

“1norgan1c boundstone which- later prov1ded the foundatlon for the- growth
~

¢

of algal mounds.

. By
Synsed1mentary cements in gralny sediments, bloherms and b1ostromes )

are extensive. These cements. which reflect prec1p1tat1on in 1ntert1dal



‘

and adjacent subtidal and supratldal (neteoric) zones, are genetlcallx

related and are here collecclxelu termed perxtldal cenents (Flg 5.0,

-

.

3.4.3 Phase -2 -- Early Meteoric Dissolution and Cemeptation, -

The only precipitate during this stage appears to be prismatic calcite

cement' (Fig. 5.2). Its absence in intraclasts, the lack of overlying

internal marine sediment, and.its occurrence in fossil moldsyand'be;ween

obvious synsedimentary énd burial cements (discussed below) indicate

N . o .

prec1p1tat1on in the near- surface zone. Furthermore, thie generally

clear and non-ferroan nature-and moderate luminescence of the distal
stage suggest prismatic calcite formed in large part in an carly
meteoric setting (e.g. Frank et al., 1982; Grover and Read, 1983; “Jumes

and Klappa .1983). The protlmal stage howeﬁer, may be a mixed

4

marine- phreatlc and meteoric cement based on: (1) ltb occugrence heLhccn
'synsedimehtary marine cements and the ébove early meteoric cement and -
. . ‘

(’) its ferroan nature and dull’ luminescence (cf. Mevers and Lohmann,
1978 . James and Klappa. 1983) '.r
o : L Y

o, . - P N . . .
The absence of prismatic calcite cement -in fine calcarenites gnd.thuir

limited occurrence in cQarSe dalcarenites, calcirudites and large. voids

1

suggést that, either: (1) synsedimentary cements occluded much of the.
- . . "" . * "I . N '

pore space so that later meteoric cementation was ineffective; or ()
the sediment’ was not subjected to ex{ensive meteoric cementation. :

» ot



o
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Distribution of early cements in ooid and- bioclastic

‘calcarenites and calcirudites. Diagenetic zones are from
James and Cthueth (1984). ’ :






_Choguette and Pray (1970).
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.
.

The occurrence of motds of such bioclasts as inarticulate brachiopods

and gastropods (refer to Chap. 6) indicates that dissolution of
- metaetable'carbonates»aISo occurred during tnis‘stage. These molds are

‘generally occluded: by dull lumlnescent blocky calclte arnd rarely b\

prlsmatlc calclte, suggestlng that this fabrlc spec1f1c dlssolutlon, in

large part, postdated prlsmatlc calc1te but predated block\ calcite

precipitation.

5.3.3‘Phase‘3,¥— Burial Cementation

FEO

. Blocky calcites are the last cements and are interpreted to be

post-compactional features precipitated under burial condittons[1],

.based on their occurrence in fractures that crosscut particles and phase

l.and 2 cements. The first stage of blocky.calcite shows a transition

from moderate to dull luminescence and an'increasing iron content in the

youngest zqnes, which reflect prec1p1tat10n under progressively more

reduc1ng and presumably deeper burial condltlons ( Meyers, 1974

<

. Frank et al., 1982' Q10ver and Read 1983 James and klappa, 1983). Thls

" cement . occludes most v01ds, which. remdihed open or developed after earl)

.- . .

lithification, formatlongof f0551l molds and fracturing. -

»

' The.rarer. brightly luninescent second'stage of blocky calcite, thch

crosscuts’ all llthologles. strongly suggests prec1p1tat10n from meteoric

fluxds under shallower burlal c0nd1t10ns than the first stage (e 8-

.

1. Diagenesis under. "burial conditions is herein considered to include
processes that occur between the near-surface zone and the zone of
metamorphism (Scholle and Halley, 1985); ie. the mesogenetic zone of



to Upper Mississippian‘sedimentatién (Dix, 1981). and possibly

.. be. of synsedimentary origin, based on the following evidence: (1) they

1982; Wilkinson &¢ al.;. 1985).
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Mevers, 1974; Glover and Read, 1933): ie. the "telogenetic stawe” of
Choquette and Pray (1970). It is probably ‘related to uplift and faulting

of the Cambro-Ordovician sequence on the Port au Part Peninsula during

the Late Devonian Acadian Orogeny;.developmeﬁt of karst topography prior

post-Mississippian alteration.(refer to Chap. 8). .

- . N . »

Clear,. syntaxial echinoderm overgrowths are contemppranéoﬁs with the

first stage of blocky calcite. This ‘is evidenhgd by‘Lhe dull to
moderate luminescence of the overgrowths, which is identical to that of
blocky calcite. Cloudy-syntaxial echinoderm overgrowths, however, may

are overlain by internal marine sediment;- (2) they inhibited formation

of adjacent fibrous calcite cements; and {(3) they are truncated by
o N : .

> -

erosion surfaces interpreted to be synsedimentary features'(discussed

below in “erosion surfaces"). Syntaxial echigiderm overgrowths have not

vet been reported in modern marine environments (.James and Choquette,
: o : o :

1983)L,Abund@n€ calcite overgroﬁihs in'fhe fosst? chQrd.'however.'hdvc

been interpretéﬂ.to be marine precipitates, based on the same type of

[ -

e#idéhcejused above (e.g.,-Lohmann and Meyers. 1977; Wilkinson et al.,

- .

2
.

N N . CIEIN ' . o

5.3.4 Discussion

5.3.6.1_Cement Stratigraphy s ) - . o

lcite cements has been

-

In recent years, compositional zoning within ca

used extensively in cement stratigraphy, which involves correlation of

.
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0

crystal zones withinta stratigraphic section and between outcrops

(Weyers, 1974, 1978 ‘Grover and Read, 1983). Although CL reveals

‘comp051t10naI zones in cements of the Port -au Port Group, ana1y51s of *
these cements u51ng‘cement strat1graphy cannot, be done due to: (1) the
' predominance of-aphano- to finely.crystalline, facies-specific cements =

wthh have 1ndlst1nct zonzng or homogeneous lumlnescence. (2) the lack
‘- C ey o .
of pervaszve. uell-developed comp051tlonal zoning in any of the

ea311y-observed bLocky calc1te cements and (3) the relatlvely ‘rare

- occurrences of zoned prlsmatlc calcite cements. The uniform nature and

g'stratlgraphxcally—w1despread occurrence of- blocky calcite, however, ' ,

o suggest that e1ther they were prec1p1tated in a 51ng1e. w1despread event

14

_or the sequence -was subJected to a number of 51m11ar events over time.

-~

5;3.@12,Originat.ﬂinera;ogy a : o

Con31deratlon of modern shallow marine cements. suggests that

1

synsedlmentary marine. cements of. the Port au -Port Group were or1g1na11)
: s
'aragonlte or Mg calc1te. Flbrous calclte cement in grainy, blohermal

"and,hiostro@al:cdrbonates_15,1nterpreted to have been Mg, calcite, based‘
S Lo BT ' . ]

‘upon: (lf'ﬁetrographic.similarities'with modern Mg calcite cemerts

: ‘(ef;yBrickér‘,’ 1971; James et al., 1976); -(2) syntaxy with trilobite

and echlnoderm fragments and 001ds 1nterpreted to be Mg ca1c1te (refer
o the detalled dlscu3510n of 001d m1neralogy in Chap. 6) and . (3) good
' . . : .
'.m1crofabr1c presergatlon., Mrcrodolomlte-;nclus;ons (Lohmann and Meyers,
1977) ere not apparent’in fibroushcalcite;-their ahsence, however, does
not_preclude_a Mg‘calcite compositdon; Isonachous and meniscus'micritic

calcites were probably also”Mg calcite.  This interpretation is
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. R _ | -
.compatible with the preservation of crypto- to microcrystalline fabrics,

which®are morphologically~ideptical to modern micritic cements of Mg
calcite (e.g., Bricker, 1971). There is little evidence for aragenite

.

cements (refer tq Chap. 6 for discussion of evidence for aragoniﬁe).

Bloeky.and prismatic calcites-hgve sharp CL zoning and well—preserved
microfabrics, suggesting that their mineralogy has remained unaltered

frdm.calcite.(cf, Coniglio, 1985; Schq}ie_and Halley, 1985). Syntaxial

".echinoderm overgrowths, which have the'same'petrographic characteristics

- as these calc1tes, may also have been preclpltated as calcite (e g

' Bathurst, 1975; Longman, 1980;° Wilkinson et al.; 1982) Examples of

-

echlnoderm overgrowths 1nterpreted as early Mg ca1c1te cements, however,

. have been reported (e. g Lohmann and Meyers, 1977 Meyers and Lohmann,‘

1978).

Y

. 5.4 FEATURES OF SYNSEbIMENTARY LITHIFICATION

’ o o ' e
In addition to the calcite cements interpreted to be of peritidal '
= _ o . : ‘

- &

origin, the Port au Port sequence contaid!gother physicai features which

Eurther substantlate the 1mporcancesof synsedlmentary dlagene51s in bath

N -

submarine and subaerial environments. The following sections describe
. . .

conglomerates, hardgrounds and surfacehkécst features, and discuss their

K , - A -
implications for early lithification. Flat-pebble conglomerates'an;<

hardgrounds in parted limestone sefuences are of particular importance

as they provide the only unequivocal evidence for synsedimentary

lithification of parted limestone.. : A



%
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CQmﬁ'osi tional types:

§uperficial radial doids (degcribedein Chapter 6; Plate 4a; l2d).

’ : 160.

5.4.1 Conglomerates

As déscriﬁed in Chapter 3, barted limestone cycles and oolitellgminite )
asgngIhges‘are.punctuatéd by cohglomerates;‘3~30 n thick,'composed of
clasts of 'simiiér lithologies. This close associ ionhof beddeld'a'nd '_: :
:coﬁglémerafic carbbnatés ;ndicates a-éynsediﬁentar&_origin for the
coqglomerates. ' S
S.4.1:1 Clasts

The‘éell—rouddeq to subrounded clasts in conglomerates include four
.‘.‘-, c . . . .

v

N\

" (1) ‘Tabular. to equidimensional ooid calcarenite clasts in
oolite-laminite assemblages ds scattered clasts or thin beds. - These

‘clasts are packstones to grefinstones composed of radial, concentric or
; R k R - ;

-~
.-t KRN . -

fL . g ) o i 2y . '
;(Z)H‘F‘lai-pebb]_e ’ﬂ_ome‘rates'areggmposeq of tabular,‘c__las.ts of’ S%ltj:
mud'stpne@to packstone that pacur th;cugbpﬁt‘#:;ted‘ limestones (PI}atb :
. . ] .

I v ST p:3 .hv"'ws-' . O T
12a-¢3 e).  The cl&sts contain variable Ppercen %’s?&_,bioclast_s .
t M o . b4 . ' ! v e, i , :
L] ' > '- M - - £ i T h:'-‘. 3 - ‘. .: ’ -
"Ztr- pite and echinoderms), peloids, intraclasts.and siliciclastic silt
,‘:r;) o . . N ) i '

inva muddy matrix. ‘
- (3) Aphanocrystalline dolomite and dolomitized oolitic clasts _are .-
. - : 9

common constituents of oolite-laminite assemblages but are absent in

LRN

-parted limestones., These clasts are discussed in Chapter 8 on ‘
. Co . .

dolomites., '. ‘ . .
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(4) Intetmound sediments ir bichermal and biostromal structures -

contain abundant clasts of algal boundstone compositionally identical to
) V . -

M ’

the adjacent mounds. These clasts are also present in overlying beds.

¢

Calcarenite clasts tend to be well-cemented by syntaxial echinoderm

-

-
.

overgrowths, .fibrous calcite, or micritic calcite. Thebe cements, along
‘with the particles, are truncated at clast boundaries (Plate 12d).

Blocky. and prismatic calcite cements are-noticeably. absent.

. . :
. o N o :
Clasts in flat-pebble conglomergses contain abundant micrite matrix.

The surfaces of thesg\clasts are commonly pockmarked by pits and : —
possible borings, 2-5 mm deep, which are filled with matrix sediﬁént i

. (Plate 12b). These pitted clasts also have obaquegmineralizhtion,

composed primaril& of pyrite, whiEh_ocgurs: (1) as concentric bands in

T
s

the outermost 1-2 mm of the .clasts and (2) dis§gminatéd,through6ﬁt the

. . . e c o S e Y
clasts, Similar mineralization does hot occur in oolitic clasts.
. . . : . G »'.;r- ) L. ) .
" ] . . .. ..
. S . =t

- . . B Y . .
5.471.2'Matrix and Cement- - . o

& . . - . .

- : : » T . .

The composition of ‘the matrix. gcan vary within and between- congMomerate
beds, amd is often similar to.that of the clasts. QOolitic. conglomerates
generaFly have a matrix of coid-intraclast-bioclast grginstdﬁe, whereas -

1

LY
.

I -,

conglomerates in parted limestone vary from mudstone to ne

: _ T ‘ ‘
intraclast-bioclast grainstone (Plate l2c, .d). _
. . . e ? ) * ¢

t -
Cements occlude the remaining interparticle porosity, which is

geﬁerally only shgltér porosity formed under umb;gilas of:horizbnxal to

éently'inclined ;ébular clasts (Platé 11b). The main cement types are:

RPN B .
e . Y

e initial stage of prismatic calcite and a later stage. of non-ferroan

. * -
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L - "

and ferroan blocky calcite.

Y

9 - ' * . .

S.4.1.3 Implications for Synsedimentery Lithification -

Compositional similarities between conglomeratc c1asfs and rn'a;iri'x_= and o

- -

the ovetlylng and underlylng beds of 001d calcarenlte or parted

llmestone irdicate that: (1) the clasts need ‘not have been. extens1ve1y

’

transported and (2) the beds from uhlch dhey wvere deslved were dep051ted
in an” environmental settlng similar to that in whlch the conglomerates .

were dep051te¢ //The large and relatlvely undeformed conglomerate clasts
P I . .
clearly formed from the disruption of well lithified beds rather than

iy

unlitlg fied, cohe51ve sedlnenn?\bhlez1nterpretat10n can also be applled

y

" to smaller; tdmpositionally—identlcal clascs. Based on the followlng

\

f1e1d and petrographlc ev1dence, sediment 11th1f1cat10n is 1nterpreted

to he of synsedﬁhentary orlgln, occurring ‘in subtidal and 1ntert1da1

environments; o '{\
™o \ ] '} .
(1) Only synsedimentary cements are fouhd in calcarenlte clasts.
- P> S .

P * . . i . . . - .
(2) Paq}icles“and synsedimentary cements within clasts are truncated

- L)

by clast bduﬁdaries. : ' ’ "\

. ' ‘ . . .
(j} The 0cturrence of undeformed micrite-rich clasts thnoughout parted

S
limestone sequences 1s key evidencerfor early 11th1f1cat10n .of parted

-

timestones, The compositlonal differences between these micritic clasts

-
1

“and the coarser neospar mosalcé*in limestone beds and nodules in parted

" “a

limestone suggest that (a) clasts were derlved from stEEd&mentpry o

lithified beds and were not‘subJected to later aggradational neomorphism.

(%) : . . .
), . - . ‘
4" . . : :
“and (b) limestones with coarser neospar mosaics were later lithified;
. B A g 3
Q N P \ . .
\ 3 . \>/' L
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the significance of this observation is fully discussed in Chapter 7.

Additional evidence.for'multiple phases of synsedimentary
; lithification. is provided by the'eroded'upper sugfaces of some
" conglomerate beds, which truncate both clasts, matrix and some calcite.

. cements. This is'distussed below in the section on "hardgrounds".

S.4.2 Erosiog Surfaces: L :'.‘ | . o

Numerous planar to scalloped er031on surfaces occur throughout the

Port au Port sequence. Planar to sub- planar surfaces are well developed’
‘i“_; "‘L on parted llmestone, grey oolite and conglomera;e, whereas hlghly

sculptured surfaces are found on carbonate lamlnltes. These-features
. i

are readlly recognlzable in outcrop and thin sectlon,.and they exhibit

4 « -
~

. clear evidence of haying formed on well-lithified sediment,
. T . » . ‘ .

.
-,

R .- Two types of er051on surfaces are recognlzed submarine hardgrounds. _

. and surface paleokarst. These prov1de add1t10na1 ev1dence for

synsgﬂlmentany llthlflcatlon and er051on prlor to dep051t1on of

_ ;overlylng bels. ‘Each type 1s‘dlstxncp but does not exhibit features'
| strictly diagnostic of diagenesis in subfldal, intertidal,.supratidal}or
.o J; subderial enviro:ments. fnteérating-environnental interpreta;ions of
i . d . L0 . A
? the overlying and underlyiné sediments with the sypes of synsedimentary

cements, however, permits ihterpretation of the environments in which
these ‘surfaces formed. - /

[

™~ . -5.4.2.1 Hardgrounds ¥ ° . . . _

A hardground is a discontinuity surface at which synsedimentary
= ‘ N . .
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submer1ne cementatlon has formed a well- llthlfled seq floor (Bromley,
1975 and references cited there1n).~ Hardgrounds are generally
rdentified'by such characteristiCS as eroded upper surfaces, encrusting
faunar horings, mineral crosts, the‘absence of compaction features and
the inclusion of clasts derived from lithified sediment in overlyihg-
beds (Bromley, 1978). As will be shaown in the following sections,

however, these features are not consistently developed nor are they

tncted to Mgrounds.

-

Parted‘limestone'in the_ﬁarch.Eoiht Formatron and Man d' WarhMember,
and grey oolite in the—Campbel}e-Member,‘whrch are’ interpreted as
predom;nantly subtidel‘seoiments, heye well developedvoiscdhtinuity

4 surfaces. HThe lack b% evidenee for'éubaerial exposure'end the

31m11ar16ihgn 11thologles ‘below and above the surfaces support the

interpretation that these surfaces _were hardgrounds that formed and were

]
«

.erodéd under submarine conditions. These field observations are of

- . - 1

" particular importance for the origin of parted limestone hardgrounds and
conglomerates, which due to their very fine grained nature lack
conclusive petrographic evidence for a submarine origin.

- . . -

s

These surfaces are geographically sporadic in occurrence, and multiple
eurfaces are commonly developed over short stratlgraphlc intervals (Fig.
. 5. 3) They are traceable ecrOSS 1nd1v1dual outcrops (tens to hundreds of
meters) but cannot be traced between adJacent outcrops that are tens of

kilometers apart,

. Grey Oolite o R ..

L}
\
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Vertical diétribu;ion'of_erbsioﬁ.surféces in the Campbells
cand  Felix Membérs' of the Petir Jardin Formation, Port au

Port Peninsula (K = surface paleokarst; H = hardground;
C = condensed interval). -

¢
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micrqfeiigf on Qhe s?aie of hundfeds éf micrometers (Plate 13d).
:Mineralized crﬁsts are rafé,(di5cussed in parted 1iméstone-hardgrounﬁs)'
and no obvious borings have:been ébserved. Multiple hardgrounds'aré

, commoﬁ; occur;ing within centimeters of each ofhgr and mérging into.

~underlying hangrounds.‘ Ooias and syndepositional cements (fibroés
caléite, iéopachoué picritic calcité’and some syntaxial ouergrowths) are
truncated by the surfaces. ‘Tﬂese hardgrounds'ére generally overlain by
grey oolite similar iq gdmpqsition<to underlying beds, but |
stromatolite—thrémbo}itéﬁhbriéons are occasionally developed on the %-

surfaces.

-~

Rare occurrences of veneers (0,05 to 1.5 mm thick) of irregularly

interlaminated fibrous calcite and silty micrite are found directly on
. \

top of dolitic-hardgr0unQS (Plate*13d). Calcite crystals are oriented

perpendicular to the substrate and contain minor amounts of opaque .

grains and inclusions that form indistinct lapihations parallel to the -
] ’ [
substrate. Similar encrustations, interpreted as synsedimentary,

. precipitates, have been documented by Purser (1973) on the Trucial

Coasf, Persian Gulf.

Parted Limestones and Conglomerates

Hardgrounds in parted limestonés are subtle features due to the

fine-grained nature of the sediment, which makes recognition of

truncated surfaces and borings difficult. The abundance of interbédded

flat-pebble conglomerates, however, with limestone clasts interpreted to
.- be derived from ad jacent parted limestones indicates that synsedimentary

. -
lithjfication and erosion of. parted limestoneés were common processes.

- - . -
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JNﬁmerous~resistanc—weetheriné Horizone (10-30 cm thick) of parted
llmeStone, sporadlcally 1nterbedded with more recessive beds of
1dent1ca1 lithology, are 1nCerpreted to be hardground horizons (Plate
}Ba-c). The upper surfaces ofrthese_horlzons_are planar or hummocky and

arg always developed in limestdne beds. These-surfaces have microrelief

. created by abundant ‘irregularly shaped, millimeter- to centimeter-sized

pits which .are generally filled bﬁlflatepebble conglomerate, Burrows |

are well preser%fdvand uncompacted, but borings and superposed borings,

which are common criterja for hardground identification, are rare; they

are only recognized by their crasscutting relationship with surfaces .. °

already interpreted to be hardgrounds. Limestone beds are homogeneous

mu@s;éneA(distussed'ih detail in Chap. 7) and laminations and thin beds -

are not well developed.

Parted limestone, hardgrounds are characterized by a pervasive’

blmpregnatlon of black_ opaque m1nerals. predomlnantly pyrlte with minor

glauconite (hereln termed ‘pyrite"), that impart a distinctive

bluish-grey colouration to weathered and fresh surfaces.’ Pyritized -

zones typically have sharp upper or outer boundaries, and lower or inner °

boundaries that are gradational with unmineralized sediment. -These

impregnations are similar to those ‘rarely found in oolitic hardgrounds’

and occur- in severa ‘ﬁoﬂes, which. have also been widely documented in

nt (e.g., Lindstrom, 1979% Bathurst, 1975) and

Recent hardgrounds' {e.g\,\ Bathurst, 1975):

(1) continuous or discontinuous rlnds at the upper surface of the
hardground or developed approxlmately 100-200 pm B@ldw the surfadd; they,.

are thin or non—ex1stent under overhangs and at verthal margins .of

-’
.
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irregularly-shaped pits, and are geﬁerally not truncated by micropits

(Plate 13b, c).

(2) nested bands'tha;_deveiopéd below and subparallel to the

hardground surface, similar in appearance to Liesegang rings. -

- (3) disseminated grains occurring in isolated patches or stringers

throughout the parted limestone.

(4) haloes lining burrows below the hardgfound surface.

. . . ) 4 . . " . ) .
(3) partial - 'replacement of carbonate grains by disseminated pyrite

- that is partiéularl} well de&eloped in radial ooids and bioclasts (Plate

25c).

Mineralized Hardground surfaces are also developed on some flat-pebble

- conglomerates that punctuate parted limestone sequences (Plate 1%y,

Truncated or exhumed clasts are obvious at the upper surface of the

conglomerate and circumgranular minecral impregnation of clasts,

identical to-that seen in hardground surfaces, is present throusghout.

- Implications of Hardgrounds

-

The .occurrence of two distinct types of hardgrounds in grey. oolites

.and parted limestones in the Port au -Port sequence reflects the.-

differences in depositional environments which control the nature of
early lithification processes. ;

, é

. . N . N
- 0

Hardgrotnds developed on muds$tone beds in_pagtedllimesxone scquen&esp_
are1§haracterizedfby.pervasiqe.minerélizatipn and are commdnly.bverlain
by sediment'bontaining'glauconite and phosphatic grains. These features
.. . " . . . 0 N )

i T '

'\ ‘. - b ' ) - M A - .



170

~ suggest that sea-floor.sediments suffe;ed intermittent periods of low

- sedimentation or non~deposirion under relatively low euergy conditians.
" The hummocky and micrupitted surfaces and ussociated burruws further -
imp1y4tha; lithification was sufficiently rapid to pre;erve-the.
irregular topography of the bioturbuted sea bottom (Bromley, 1975) or
thaﬁ the lithified surface was later.eroded. This interpretatiun is

based on modern examples documented- by Taft et al. (1968) in the

Bahamas and by Sh1nn (1969) in the” Per51an Gulf. They rengnlzed t1ree

s,

) cond1t10ns, in addltlon to seawater chemlstry, necessary for hardground '

'formapioni (l) sufficiently low sedimentation rates;’(Z) reduceq energy

conditions; and'(35 stable bottom sediments.

?Parted limestone hardgrounds are identical to Cretaceous Chalk -

hardgrounds of northwestern Europe (e.g. Bromley, 1967; Bathurst, 1975

-~

: qnd references c1tgd therein). Chalk hardgrounds have upper surfaces
that have been eroded and bered, and coated and rgplaced by phosphorite
andfglautonire.i Th;y have béén.interpreted by various workers to have
" formed at oceau depths greater than SO m as a‘result of temporary |
| periods of réduced seuiméntariou,rates_und/or nonfdepositiun (Bathurst,

1975).

Iu'contrast to hardgrounds in'parted limestones, those on grey oolites

are 'interpreted to have formed in the subtiddl mobile fringe of a

high-energy shoal complex in.which there’was active ooid precipitation
] ‘ : . . ‘ . -
and deposition. Synsedimentary subtidal<33mgQE§tion was intense and the

major process in the foérmation of these haragrounds; this, is further

substantiated by the absence of hardgrounds in intertidal brown oolite

which ééneréily has poorly developed synsedimgntary cements. .

4
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Characteristics of oolitic hardgrounds are incompatible with a mechanism

of formation which involves wideéﬁread hiatuses”or;reducedfréFésAof.-_
sedimentation, as proposedifor paktéd limestdﬁe hardgrounds;
'Incofpofating evidence from oqlite—laminiée assembléges‘(refer to. ..
Chapter 4), it is suggesteq that iécalizéd.va;iénions.in'shoal-
topography and derography, cau;ed by the rapid migration of Sﬁoal,'

cbmponents; provided conditions conducive to the: formation of woolitic

hardgrounds. 'Fluctuating'énergy conditions resulted inuloca1.~§dd

' probably'short-lived, periods of stable sediment conditions, which
pefmitted sediment lithification, ai;efnqtidg with pe}iods-éf turbhlen&e

during which ooid formation, reworking and hardground erosion tooK .

v

place. - - .

Hardgrounds in the Port au Port sequence are similar to modern oolitic

hardgrounds ‘in Baﬁamian oolitic sands (bbavié. 1979)..The Bahamian .
. P 4 . . o ’

hardgrounds are forming in a high energy tidal bar enviromment that is

a

characterized by a,high sedimentation rate and strong sediment

égitation. Dravis (1579) probosed”ﬁhat local topographic depressions
t , ) , .
and surficial algal mats provide sufficient sediment stability to allow

synsedimentary lithification and_the formation.of hardgrounds.

Rare "pelagbsite-like“ encrustations that are developed on oolitic
hardgrounds in.the Port au Port Group can be interpreted in several
ways. In the Persian Gulf, Holocene pelagosites of strontium-rich

aragonite are interpreted bilPurser (1973) to have precipitatéd during

intervals of subaerial exposure which interrupted synsedimentary marine

deposition and lithification. The absence of other evidence for

subaerial exposure in Port au Port encrustations, however, suggests that

4
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those in the Persian Gulf are not-good modern analogues. These Cambrian
:'encrustations may ‘instead be of submarine origin as‘suggested by cheir'
‘morphological_similarity with fibrous calcite cements in aléai mounds

and‘grey oolite. Sdmilar‘cements in Pecmian,algal mounds and.édjécenti
"sediments (New Mexico) haue'been'incerpreted by Mazzullo and'Cys.(i§79)

"to have been precipitated on the.sea floor. ) ‘ -

a

5.4.2.2 Surface Paleokarst

,
.

Planar and scalloped erosion surfaces are-found on many'carbonaté'
1am1nite beds in the Campbells and Fellx Members, ‘and rarely in the Man

;:Oi.War thber (Flg. 5. 3) Featuresa such as ‘truncated grains, plts with

uoverhanglng alls, and clésts that are presumably derived from beds
" underlying erdsion surfaces indicate that.these.surfaces formed on
- Synsediment' ¥ idthified sediment. ‘Furthermoce “the consistent s
occurrence of these erosion surfaces on carbonate lam1n1tes (1nterpreted'
Hln Chapter 3 to be Supratldal to highest 1ntert1da1 sed1ments), the
smoothly-sculpted shapes of the pits,-and the absence of‘tools'for
’-mechenicaltecosion suggest that these surfaces are synsedimentary

corrosion features formed during subaerial exposure; ie. surface

paleokarst (cf.,Sweeting;'1972ﬁ James and Choquette, 1984).

"Surface Morphology

’

The following descript1ons are based upon cliff exposures on the Port

" au Port Peninsula whlch present well —-exposed, cross- Sectlonal views: of

the paleckarst surfaces. Three recurring types are recognlzed (Flg.

5.4): (1) fractured and brecc1ated surfaces. (2) scalloped surfaces~ and

L] . '

-
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(3) planar surfaces. The first two are laterally intergradational:

whereas no lateral variations have been observed in planar surfaces on’

L4
an outcrop scale, These surfaces are sharp boiundaries separating’

‘underlying carbonate laminites from overlying beds. Mineralized zones

.of what are now iron oxides are generally restricted to scalloped and’

’

planar surfaces and are present only in the upper 1-3 «cm of *the™

surfaces. . - -~

Sy ‘ . I'

Fractured and Brecciated Surfaces (Gr1kes. Sweetlng, 1972) VefEicql

to steeply d1pp1ng fractures occur in beds w1th nearlv flat, upper.

surfaces and extend down to tens of centimeters, typically‘forming an

~

‘anastomosing pattern in cross-section (Plate 14a). Fractures are up to a
. e . v

. centimeter in width and are'filled with sediment from-#verlying beds,

commonly brown oolite.

I
¢

Soalloped Surfacesl(Keminitzas; Sweeting, 1952). Pits and ridges, ./

centimeters to decimeters in scale, form a series of.closely spaced,
conqave—ubward arcs (Plate 14d; 15a) or isolated stacks up 60-30—40:cm‘
in relief (Plate 15b). The irregularly spaced pits have=smooth surfaees

with curved, steeply sloping'go oversteepened walls and:flét-fo.highly

o

" curved bottoms; the depths of the pits vary within Lndividual surfaces.

1 ? =

Intervening ridges typically.vary from knlfe edged plnnacles bo,

" flat- topped plg%acles with sharp overhanglng flanges (Plate 15h) The

con51stent crossﬁsectlonal shape of the p1ts and ridges, suggests that

-

they are b351ns rather than cross—sect1ons of runnels or" grooves.
-y ) . .
These scalloped surfaces are ‘invariably overlain by either low-relief
. . .‘. . - % . R . v . .
algal biostromes or intraclast floatstone to rudstone. Most of the
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the breakup of underlving beds. Erosion surfaces occasionally occur 1n

" mounds and intermound sediments, that are ‘overlain by thin"lamellar

‘e
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intraclasts are angular to subrounded and appear td have originated from

; .

sedirents that fill the pits, supgesting multiple events of
synsedimentary lithification.

An, exceptional example of a scalloped surface 1is found in the lower
part’ of the Berry Head Formation in the Isthmus Bav East section where a

depression, 6 m wide and up to 1 m deep, is developed on dolostone

laminife (Plate l4c). The depression ig'flat—bottomed with a rounded,

e

overhanging margin,Aand is filled with ;onglomerates,’dolostoné laminite

_and stromatolite mounds that are best developed on the flanks.

In addition to these more sculptured surfaces are larger hummocky

]

" surfaces, composed’of rounded ridges and narrow- depressions up to 2 m in

width and‘dp-to:O.S m rélref (Plate 1l4b). Hummocky surfaces are
developed on carbonate 1am1n1tes and are overlain by conglomerates or,

algal horlzons as descrlbed above, or occ051onally by grey 0011[0. The

smalle{-scale scalloped surfaces are commonly sqperimposed on thesc‘

(N

largefufeatﬁreé. Examples of well-developed hummocky surfaces'are‘

present in the uppef 20.m of the Felix Member, where several occur
within a meter-interval. -

Planar Surfaces. These surfaces contain millimeter-sizg p{ts that

impart microrelief to otherwise relatively flat bedding-surfﬂges. They

are developed on the upper surfaces of: (1) carbonate laminites that are

overlain by sediment Which-is identical to that overlying scalloped

surfaces and (2) stromatolite and thrombolite horizons, truncating

T

-———
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stromatolites (Plate"lée). Planar surfaces are traceable the exwent of

the outcrop (tens to hundreds of meters) but cannot be correlated

between ocutcrops.

" An exceptional pianar surface is developed on top‘of the bioherm
‘complex in the'Cape Ann'Hember of the begrasbsection. Port au Porn‘
Pen1n5ula’and 1s one of. the rare beddlng plane exposures of erosion |
surfaces (Plate 14F), in the March Point.sectton, ‘10 km.to.the east; the

.
[

biohern'is not developed and the planar surface correlates with a

meter-thick bed of variegated shale and dolostone laminite.

Petrographic -Evidence for Surface Paleokarst

Petrograph1c examxnatlon of the paleokarst surfaces generallv does not
reveal d1agnost1c fabrlcs of early 11th1f1cat10n'and dlssolut1on..such
as truncatton of particles and early céménts dUe to the fine-grained
comp031t10n and dolomltlzatlon of carbonate lamlnltes, and the abundance
of stylolltes at 11tholog1c bneaks,f Several surfaces An the upper halfT
of the Campbells Member ‘at the March Point sectlon, however, are .
{developed on lamlnlte that is only. part1a11y dolomitized. The upper

part of these partlcular limestone lamlnltes can be d1v1ded 1nto two

o

zones (Plate 15d, e): - - L N :

(l)TThe nbper zone, un”to 1 cm in thickness, ishn moéait of micrite
and mlcrospar that is truncated by conglomerate-fllied p1ts. Abundant'
bor1ngs, f111ed w1th m1crospar and pseudospar. pierce, conglomerate
. clasts’and -the upper surface of the zone.. CL of calc1te in the borlngs

is 1dent1ca1 to that of the lower zone' the carbonate 1am1n1te and

over1y1ng COnglomerate clasts, however, have neospar crystals of dull
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J " .

lusiinescence with thin rins of moderate luminescence.
~

(2) The lower zone of microspar is rapidly gradational with the

underlying laver and is composed of microspar crystals with small

dull-luminescing cores and thick rims of moderate luminescence.

CL of these zones in which progressively vounger calcltes are

precipitated away from the paleokarst surface indicatgs,Lithification'-'
- o - PR o
from the surface downward. The upper .zone was lithified shortly after
. _ =< ‘ . . o
deposition based on the abundance of borings and the occurrence of

mudstone clasts of idéntical character in overlsing beds. The lower
N ' . '

zone and sediment f£}1 of the boringé_we£e prégressive]y:lithified
during latén diagenesis as indicated by younger CL zones. This lower
zone is similar‘tg margiﬁally aggraded mudstﬁne; in pérted limestones’
(discusééd'in Chap..7) in.uhich lithification OCCUrred.dur{ng shallbw’

burial. . ' . : o ‘e *

Origin of Surface Paleokarst i o : . .

Surface paleokarst in the Port au Port Group is identical to. surface
karst features (Karren) in modern karst teérrains (Sweeting,'1972;

Ritter, 1978) and hence substantiates the interpretation of these

[y

“ancient surfaces as primarily the products of early 1fthifi£a;iqn and .

carbonate dissolution during subaerial exposure. This interpretation is
further supported by the rare occurrence of tepee structures (Assereto

4

, 1977). in carbonate laminites.’ Tepees are interpreted to

.

."and Kendail

N

have formed as a result of.dessigatiop contraction and expansive

.caqunateifemenfation in highest intertidal to supratidal envjfonments;
(Shinn, 1969; Davies, 1970; Assereto and Kendall, 1971). A

4
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Along many modern tropical and subtropical marine coasts, grikesrahd

. ..

kaminitzas are developed on bare carbonate rocks in suppatidal T

environments (Sweeting, 1972) and on carbonates subaerially exposed in

the intertidal'zone (Kaye, 195@), Supretidal surface.karstlformed
primarily by ponding qf.meteoric water' on nea}—herizontai_su%faces.~
Sediment below these supratidal contacts exhibits such fedﬁure§ as
vadose 511ts. 'solution vugs.,moldlc poro:lty, and earlv pendent  l P
cements. Intert1da1 surface karst is attrlbuted to corr061on b\ both

“meteoric and marine waters, and exhibits featurés.such as borings. N

encrustlng organ1sms,roccurrence beneath subtldal sedlments and hrgh
rates.of_corrosion relative_po supratidal erosion. Both supratldal.and
intertidal kaminitzae grdde into planed off;platforms.(tidal terraces)
"due to 'the lateral widening and caalescence. of adjacent so}dt}on

basins. I R

In the Port au Port sequence, the absence of conclusive evidence = . '

iy

supporting either supratldal qr 1ntert1dal dlssolutlon precludes

, deflnitive interpretation of the paleoxaret sﬂrfa;es. Although they
. typically occur on-.supratidal carbonate laminites that are»gyerlaln by

.

-

intertidal-subtidal conglomerates, corrosion could have prdceeded'in the

» . -
!

supratidal or intertidal environment, or under fluctuating intertidal

and suprétidal'conditiohs. The dccurrence of'LheSe surfaces in .’

oollte—lamlnlte assemblages, which are 1nterpreted to -be the products of

rapidly mlgrating suhtldal 1ntert1dal and 5uprat1dal components of . a

shoal complex 1nd1cates that all three 1nterpretat10ns are probable,

The term per1t1dal paleokarst therefore is used LO descr1be these.

surfaces. . L : T
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Similar Paieokarst surche; have been ebsérved in other Palepzoic
carbonateé but in generatl heve received little attention.. Several
exanples, hoyever. have been well documented in recent vears, eSpeéially
in Ordovician and Siluriah rocke (Reéd and .Grover, IQ??:'KobLuk et al.,
1977, Cherns, 1982 kobluk 1984). Many of fhese surfaces have been
1nterpreted to: have developed in the spray zone of ‘the supratldal
env1rqnment (e.g.; Xobluk, 198A) and/or in tldar”zones (e.g., Read and

Grover, 1977). These are also considered as peritidal paleokarst. .

. . . . hd
LR . . T s
.

5.4.2:3 -Discission

Alteration at Paleokarst Surfaces

g

Peritidal baleokarst surfaces in the Port au Port. Group are’

characterized by well-developed brecciated and pitted surfaces. VThey

2

‘are hob associated,with calcfete horizons and speleotbem deposits that

are typlcal of mahy modern karst horlzons (Sweet1hg, 1972) Furthermorc.

)

they lack the extensive borlng and suhsurche leachlng that have been ¢

reported in other’ Lower Paleozoic examples of coastal_paleokarst

(Kobluk, 1984).

The restriction of.éubaegial proéeésésfto sufface dlteration has
bsignificaﬁt ehﬁiron@ehtél impl?caFiohs; }Mode;n célcretesAtypicélly'form
in érid er semi;arid envifonments Qith‘high'evapoyatioﬁ'rates (James,
,f972- Reed 1976 Esteban and Klappa, 1983) Tﬁe:absence of calcretes in -
the Port au Port sequence~may reflect one ar more of-the foIlOWlng

condltlons: (1)-a humld c11mate w1th low evaporatlon rates -- evaporites

-or tﬁeir'replacemEnts have‘hot been found in the sequence; (2) paucity
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" of land vegetation -- vascular land plants are not xnown in the Cambriaq

\\1594g:;;‘;f\;:TT\T929). élthough the.effects of such plants as fungi and
algae in the Cambrian are uncertain: or (3) intensive subaerial exposure
was not involved inAp leokarst formation. The last condition may be of
importance in E}ghg;of the interpretation of Port au Pért surface

3

paleokafgb\as peryfidal features formed under fluctuating tidal

conditioﬁ§7\‘*’// .

~
The absence of extensive borings and subsurface leaching may be a
. ~

function of the:poor fabric preservation in carbonate laminites,

-
.

particularly those that are doloemitized or stvlolitic, or a primary
feature due to .such factors as tightly-cemented rock, short.exposure

perio&s. or the peritidal origin of the paleokarst.

¢ ‘
ifferentiation 6f Erosion Surfaces

None of the characteristics of hardgrounds and surface paleokarst in
. the Port au Port Group are unique to either tvpe of surface (Table 3.1).

Differentiation of these erosion surfaces has relied largely upon

.

circumstantial evidence provided by‘the position of the surfaces within

parted limestone and oolite-laminite assemblages. These shallow marine

assémblages, however, rebreSent lateraljy—adjacént peritidal
,'enviroéménts that were sﬁbjec; to rapid environmental fluctuations
caused by tidal précesses.:migratiﬁg shoal components and Storm
Lactiwity. . The variability of envifphmentél.cgnd{tiOns.compliEates the
inLerpretatién of érosibn surf;cés, Oolitic h;rdgrounQSJ‘for éxadpley
which have éleaf_évidence'of submariné lithfficatiog, cquld have been .

eroded- under subaerial’ or submarine conditions, or both.

¥



TABLE 5.1:

Occurrence

)

Morphoiogy

Mineralization

Alteration
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COMPARISON OF HARDGROUNDS AND: SURFACE PALEOKARST
Port Au Port Group

H'ARDGROUNDS

-grey oolite
-parted limestone
-flat-pebble
~conglomerate -

-lithologies above
and below surface
are similar

-near-planar with
millimeter- stale
relief '

-multiple horizons
(2-3 within decimeter
interval are common).

- -rare in grey oolite

~disséminated pyrite
coats and penetrates
below surface of
parted limestone and
conglomerate .

- -truncated grains and

synsedxmentary cements
-borings

SURFACE PALEOKARST

“—carbonate laminite

-stromatolite~thrombolite
mounds

~abrupt lithologic
changes across
surface

-highly sculptured
surfaces with smooth-'
sided pits and
overhanging ridges;
planar surfaces;,
fractures and breccia

-multiple horizons
common

"

-commonly pyrite or

Fe-gxide at surface

-rare truncated grains
-borings .
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From the above‘discussion,.it is appareht that the separation cf
erosion surfaces into hardgtounds and paleokarst ﬁay be an artificialﬁ
divisibn.ln shallow marine deoosits._ In the Port au Port sequ-nce,
these surfaces occur.in close stratigraphic proximity in sedimentélthail
record widely fluctuating environmental conditlons; Although these
so-called "hardgrounds” and_"karst"‘yere probably formed priaarilyvby
submarine‘and.subaerial processes respectively, the.similar
characperfsclds of both cypes of surfaces suggests ghat.subaerial‘and

submarine lithification and erosion may haue variablyyaffected‘both

types. - It is proposed that "peritidal erosion surfaces" (after Bromley,

1975) be used to denote such surfaces that have been phvsically and”

chemicab&y denuded, and ' per1t1dal om1551on surfaces" (after Heim, 192&!

in Bromley, 1975) When there is llttle or no evidence of erosion.-

Relation to Grand Cycles

Perltldal erosion surfaces are present throughout the Grand Cycles of
the Port au Port Group and are not restWicted to either shaly or
carbonate half-cycles. _These surfaces are clearly facies-spe¢ific
indicating that:local_environmental factors directly cohtrolled their

formation. Eustatic or’ basin subsidence mechanisms postulated for Grand

-y

Cycles governed the nature of environmental conditions but little

affected the distribution of erosion surfaces.

o r

Hardgrounds have been noted in other Cambr1an platform sequences.
'notably in the intrashelf bas1n (shaly-half cycles) in the Canad1an

Rockies (A1CRen, 1978) and in the Nolichucky Formatlon in che Virginia

Appalachlans (Markello and Read 1981). Paleokarst surfaces, howvever,

-



have not been wéll documented in these regions nor in the Great Basin®

’ , .
(Carrara Formation, Southern Great Basin:; Palmer and Halley, 1979); they
have Seen nqtéd only in the area of the sheif rim (Aitken, pers. comm.,
}98&); The abunaance of palegkarst in tﬁe Port au Port Gfoup»relative to
other Cambrian sequences suggests that either: (1) surface paleokarst
has not been recognized or has been obscured in these other sequences or
(2) depositsAof.thg Port au Port Group were subjected to gré;ter
synsedimentary liphificatign and corposioﬁ. The thinner carbonate and
sﬁaly hélf—Eycles in ﬁhe Pofﬂ au Port Groqp relative to those in other
No;th'Americqn examples (qefér ég Chap.-AS supports the latter proposal

and suggests that the Port au Port Group underwent more or longer

periods of reduced sedimentation and exposure.

N

5.5 SUMMARY: Importance'of Early Lithification

Cements in the Port au Port Group indicate a prolonged and c0n§ergqnt
cementation history. Sédiment Iithification involvéd‘a‘progresSion
from: (1) synsedimentarx peritidal cementation, which is facies-specific”’
and resqlted‘iﬁ'the fo;maﬁion oﬁ hardgrounds and surface pale;kérst;.to

(2) early meteoric cementation and accompanying fabric-specific : .// '

. ’

"dissolution;.to (3) pervasive burial cementation.

In ancient shallow marine deposits, the importance of the collective
B . - °

influence of submarine and subaerial processes, ie. peritidal
diagenesis, has gené;ally been underestimated. It tends to be

overshadowed by more obvious seafloor and meteoric diagenesis (reviewed
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in James and Choguette, . 1983; 1984). In this study, however, the
importance of peritidal lithification is apparent as evidenced by: (1)

peritidal cements which occlude most original pores and (2) the
L

widespread occurrence of temporally- and spacially-associated erosion

surfaces, which may be the joint products of submarine and subaerial

lithification and diagenesis. In many peritidal fabrics, the influence
of submarine and subaerial processes often cannot be separated,

emphasizing the inappliéability of many diagenetic terms, such as

hardground or karst sensu stricto, which have specific environmental

.~

connotations, : ' < °

Peritidal lithification, as would be expected, is‘strongly'coﬁtrblled
vbyxﬂepositional settings and in turn modifies ‘the original sediment
framework. The distributiom and extent of this éarly lfthification in
Port au Port sediments appear to be the key factors governing the

direction and extent of subsequent diagenesis, particularly compaction
and dolomitization (réfer to-Chap. 7 and 8 respectively). .

Y
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Chapter 6

ORIGIN AND DIAGENESIS OF OOIDS

6.1 INTRODUCTION

v

Ooids [1] are common constituents of modern and ancient shallow marine’

"carbonates and commonly exhibit an array of nuclei and cortical
fabrics., ' These enigmatig,spheroids have been the topic of much

*
controversy and fascination since the 19th century but few unequivocal

conclusions have been drawn to explain their formation and diagenesis

(refer to Appendix C)}. Considerable unicertainty still remains as to the

relationship between corticél fabrics wnd mineralogies, mechanisms of
formatlon. envlronmental condltlons and diagenetic alterations, and the
relat10nsh1p between modern and anc1ent ooids. In spite of these
problems, the apparent abiotie orlgln of these part1cles have resulted
in their use in more recent studies to eMluate longqterm trends in
marine carbonate precipitation and hence va;iatiqns in.depbsitional and
- diagenetic coﬁditions du;ing geologic history (e.g.., Sandberg, lgig;

Pigott and Mackenzie, 1979; Wilkinson, 1982).

e e e et . e e

N The term, ooid, is ‘used.as in Kalkbwsky (1908) and Teichert (1970) to
describe the.individual spheroidal or’ sub-spher01dal grains that

o compr1se an oollte. -
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Oolites of intertidal and subtiddl origin are major constituents of
the Port au Pért Group and have important implications for ooid

formation and diagenesis in the rock record. These deposits contain
largely in situ ooids which display a range of cortical morphologies

that aré‘well preserved in the Campbélls Member on the Port au Port-

Peninsula due to early lithification and the absence of extensive
‘ - .

_dolomitization. Detailed field, petrographic and CL examinitions .
. ' . ) ~

‘Lvsuggesf that the various diagenetic gabrics presenrlin the cortex are
the‘producté of only two types of ooids, those with an original Mg
calcite cortex andrthdsé wirh a bimineralic cortex, that have undergqhe'
.progressive diagenesis. In addition, application of these
‘interpretations to cérbonate mineralogy trends in the rock record

“supports the impottarice of local ‘environmental conditions over eustatic

controls in controlling ooid morphology and mineralogy.

6.2 DEPOSITIONAL ENVIRONMENTS ~ "~ = . = :

—_—

As described in Chapters 3 and 4, two types of oolite, identifiable on

both outcrop and microscopic scale, are present in the Port au Port
Group. Grey oolite and brown oolite, represent two separate regimes in

carbonate sarnd shoal complexes. a subtidal mob11e frlnge and an

1ntertidal sand flat respectlvely, of in 31tu ooid prec1p1tat10n and

dep051t10n (Table 6. 1) Occurrences of ooids tprcal of .grey oolite as
grains or ooid nuc1e1 in brown oollte and vice versa indicate that there .
was some transportation of ooids bet!ggp;the two environments. _The

shoal complexes are interpreted to have;béen situated leeward of'the .
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Interpretation

Colour

ded Thickness
Sedimentary
Structures

% .

~Particles

Matr;x

Syhsedimentary.

- Cement

sl
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TABLE 6.1: -GOID CALCARENITES V-
REY OOLITE- BROWN QOLITE
-subtidal .~intertidal

mobilte fringe
-dark grey
-0.3-0.5m

-large~-scale
ripples,. .
‘herringbone
€CroQos—vedding

‘-radial ooids
(0.2-0.6 mm diamecter;
17-20 um cortex)
-radial-concentric
ooids (0.5-1.0 mm.
d.ameter; rarely
up to 4 mm) '
-gnlitic intraclasts

-rare micrite

-fibrous calcite,
isopachous micrite

sand flat
~buff to xdark brown

-0.5-3.0m

-thin mudcracked .- <
layers, ripple
cross-bedding,

_herringbone
Cross-bedding

-micritic
intractasts,:

" peloids

--concentrig and .
superficial radial
voids (20-30 um)

-Jolitic
intraclasts . .
bioclasts, ‘quartz
sand '

-abundant micrite
~minor fibrous

calcite, meniscus
micrite . _J
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platform edge, with beach ridges (brown colire and supratidal carbonaie

laminites) which separated and ﬁrotécted adjacent muddv:tidal flats from
the" Qgen ocean. Tidal structures in t1dal flat, depos1ts, houeuer,

indicate active e!change with the open ocean, s.agestlng that the shQal

A -

complexes were laterally discontinuous. These conplexes are distinct,
a . t

-

from modern colite examples, notably the' ClﬂSSlC platfornyr1 choalt
of the Bahamas (e.g. Ball, 1967' Bathurét 1973) and. alon ashoreé oollte
< . - :

dep051ts of the Persxan Gulf (Purser an¢ Loreau. L9:3)

“._'l

Ool1tes in the Port au Port Group. together hlth bupratldal carbonate

laminites, comprlse genetlc packages “of repeated ‘mptd 25C§1é'

assemblages, which lack predtctable upward changlng bequences (refer to~

Chap. 4). The variability of the- packageﬁ suggests that e\olutlon of the

shoals took place through vertlcal dCLTE[lon and rap1d m1qrat10n of thc_

shoal components in response.to_changingténvifonmentai conditions.

»

6.3 00ID PETROGRAPHY

6.3.1 Grey Oolite _ : L .';_{

LR
.« -

'The characterlstlcally unlform nature of grev oollte in outcrop 1s;-

also reflected on a mlcroscopxc s;ale.. Vormal 001db (thosc in uhxch the’

cortex isvgreater than half the radiu§ qf-the oo}d: Ilhngr 193&) wlth

wvell developed radial fabrics‘are the main tnmponents.f~Three maJor.

)

types, of oo1ds, based upon their cortlcal taBrlcs, ‘are recognL/Ld ST

S e
N B

rndlal, radial-concentric and asvnmetrlcal (Fig, 6 l) Pe101ds are theaz" :

most common nuclei; Trilobite and ech1noderm fragments, quartz 51lt ond









\

sand, .broken and whole ooids, and mig¢ritic.and oolitic intraclasts may
be nuclei as well. The cype of nuclei governs odid shape-but do¢'s not

determine the type. of cortex excépi?where trilobite and echinddern

nuclei- influence crystallite . orientation. Similarlyv, sedimentary

structures and microfabrics, such as cement types and matrix, are not
. - A -‘ : " v

_specific.to the type of ooid.

'

6.3.1.1 Radial Ooids

» . .« e " ‘ .“ —_—

The most.common type of coid is medium to coarse sand-size and has a

cortex of radially oriented calcfte chStalfites fPlate‘” el ). The

cortex has a d15t1nct1ve brown colouratlon im thin sectlon* nd is.rich

N v

in inclusions that are commonly arranged in a radiating patfern.‘

Crystallltes have fibrous to prlsmatlc (wedge shaped)- and~columnnr

.

‘-hablts, whioh are up to 30 to AO Pm 1n wxdth and may extend the wxdth of

‘the cortex. SEM reveals that flbrous cortices are m1cron~51ze.,equant
- - n . * - .

P .

to elongate crystallltes and that 1nc1u51ons are equ1d1men51ona1 to

.

sllghtly elongate holes within the crystallltes (Plate 16c). Some noids -

contain dark brown m1cr1t1c rays which may extend the entire H]dlh of.

" the cortex (Plate. 17d)

A few concentrlc bands may occur randomly spaced in the cortex but

“tend to be best developed in the 1nner and auter parts of the cortex

v

(Plate l6a);AComposed of a concentration oﬁ-inclusions (and possibly

_ 'some organlc materlal and ‘clays) 1nd1v1dual bands rarely exceed 10 to 19

pm in thlckness. Radial calcfte crystals are commonly'in onnical '
cont1nu1ty On elther 51de of these bands. CL reveals additional:

concentric zones of dull and moderate‘Luminescence that- do not.coincide
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with inclusion-rieh bands observable under light microscope (Flaté 16d).

L
Ooid cortices\enclosing'ngclei of trilobite or echlnodern partlcles

. . . - f"‘: : - L . )

are in complete or partial optical continuity ulth those bloclasts wh1ch

do not have.micritic rims (cf. Marshall and Davies, 1975).Broken radial

ooids are also common nuclei and have a d15t1nct1ve wedge shape N

resultlng from fracture surfaces tbat 1nvarlabl\ parallel .the radlally

oriented crystals of the co;tex (cf.-Halley. 1977) .-

Fabric preservation on a microscopic scale is commonly excellent -and

deformed ooids are rare. Qoids of sparry calcite-and/or ferroan

dolomite, however, are:frequently associated with well-preserved ocoids.

6.3.1.2 Radial-Concentric Ooids

“Also commonly termed compound oo1ds (e.g. James and Klappa. 1983).
these are normal 001ds w1th .cortices composed of two dlstlnc: fabr1cs.

an inner band of radlal fibrous calc1te and,an outer band of concentrlc

‘

lamlnae“(Plate-17a—d){_They are yolumetrlcally 1mportant-qpmponents of
grey oélite and are up'to 4 Wm in diameter (bisoids éccqrding fo . -
Donahue, 1978) .Nuclei may be Tadial 001ds, pe101ds, triloblte or’

echinoderm fragments, but are commonly not 1dent1fiable, often only

"microspar 5; preserved. . ‘ I

The inner portion of .the cortex is similar in'colour apd composition’
to the radial ooids described above and comprises approximately. the
central 60-70 pm of the cortex. Micritic rays; 20 to 30 pim wide,” are

common and may extend into the outer concentric zone resulting in

.
"

deformation or truncation of the laminae (Plate 17¢)..This inner zone



occasionally consists of several whole radial ooids that are cemented

tegether by radial -fibrous calcite-or isopachous micrite with minor -

micritic matrix (Plate 17d). . . °

-

%

The outer part.of the cortex. is alternatlng c0ncentr1c laminae.of

micrite and radlally orlentgd flbrous calc1te with minor blocky calcite

1aminae. Each lamina is_of ‘uniform composir1on aﬂd may ‘be either a
. L R . . .
compleve concentric ring (micritic and fibrouys laminae) or discontinuous

and lunate (blocky calcite laminae). This zone varies from 20-500 pm in

wigth..with individual laminae generally less than 20 pm thick. Any '

irregularities in shape in the inner radial zone are "smoothed out" by - ’

thickening of, the concentric laminae. - -

Smaller radial ooids, less than-60 um 'in diameter, are cémmonly
associated with radial-cdncentric oolds (Plate l7d) This blmodal s

d1str1but10n of gra1ns is partlcularIy well developed in the Man O' WJr
; <«

'Member and has been docUmented in other studles (e.g. Heller et al., '

)

1980; Tucker, 1984), a ' o T .
. . . ' -

Radlal-concentrlc do1ds generally have good fabrlc preservatlon and
are rarely aSSOClated w1th 001ds of sparry calc1te. No qomqldlc n '
porosity is observed bpt unlike radial ooids, distorced ‘

radial~concentric ooids are common and are of two types: those in which -
the external shape of gralns is altered and those whlch retain their

.

original shape. In “the first type of. dfstorted ooid, the main —
_deformation octurs in the outer.concentrlc zone. which results in
distortion’ of the external oo1d shape and adJacent synsedimentary

.f1brous ca1c1te cements (Plate i7b; ¢).. The,rad}al core is rarely

*

) .
> L)
.
. . .
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e

disrupted but'may be slightly displaced and/or have an ouzer ri= thaEfis_

embayed by micrite or micritic rays; minor dissolution is also common.
These coids are commonly notched and stretched:(spalled ooids, according
to Wilkinson et al., 1985), and may occur as a series of grains linked

z

in‘lohg zigzéé chains (called elephantine by Wilkinson et al., 1033).
Porosity created .by moid.deférmétion’is occluded by dull-iuminescent

blocky calcite.,‘This.distor;iéh is'due to the physical separation of

-~ . -

outer laminae from cortex interiors and collapse into the ¢oid interior, '

or detachment of  lamimae away. from the grain during mechanical -
\ : . . .

compaction.
., PR .

The second‘typé.df distorted ooid: has a nucleus that is displaced {rom

its central position and.an undeformed 6uter_shell'(Piate 20¢). fuclein
havé'comﬁonly dropped into the lower half of the_ooid (half-moon coids,
Carozzi, 1963; geopetal ooids;'Mézzuilo;A}977) buL-thég have also beeﬁﬁ

displaced into the'uppe( pa%t of-the'qoid or to the side, or no

displaced at, all. In contrast ‘to the first type of distorted oeids,

cortical preservation is poor,-having bee% replaced by ferroan or

non-ferroan blocky calcite and/or dolomite, and in rare cases

.

. aphanocrystalline guartz. These halfimoon‘qoids are assbcia;edfwith',

- .
e . [ . . . ]
R .

fractures filled by ﬁlocky calcite.

N E- . . -

6.3.1.3 Asymmetrical Ooids o T .

- . .

Radial and radial-concentric ooids.are the main components of grey

P

oolites. Several other types of ooids are alsb,pfésent in }essef .
abundance but are important to ooid interpretation.
. . .

. . '
i N

Cerebroid Qoids. These ooids are present only in-oomicrites in the Man
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0" war Member and have -an irreqular shape.and mottled appearance due to

the numerous zones of micrite in the cortex. Thiy rnicrite characterizes
cerebroid ooids and varies in morphologv from irregular patches with no

.Sﬁ}ticular disposition to radiating cones (wedwe-shaped ravs with
: o

circular transverse sections) that have their widest end directed toward

or away from the nucleus (Plate 17e). Most: of these pntéhps and ravs,
- . . : .

however, contain concave laminae that are continuous with congentrlc

bands in radial-concentric asreascof the corteéx. The non-micritic
o . \ . ..
portions of,cortices.ﬁdjacent to the micrite bulge outwiards contributing -«

further to the asymmetry of the grains. :

. a

Regenerated and Complex Ooids. These dre commonly associated with both®

‘radial and radial-concentric ocids and are distinguished by thair

oolitic nuclei, which mayv be whole particles (radial, radial<concentrir

’

or concentric); broken radial fragments; or multiple ooids (Plate 17f), .
Cortices of broken‘and multiple ooid nuclei are often identical to those .
of .the ypunger ooids: -Multiple ooid nuclei may be onspanites or

- . .
v . - N -

oomicrites but consistently have a first stage qement of fibrous
calcite. _ o o ‘ )

-~ . : ‘

1 6.3.1.4 Micritized and Silicified Ooids -

Qoids composed of micrite in grey oolite are rare. They commonly have
vague radia% structure and are associated with peloids.

. .

’
.

Ooids replaced by silica are rare and are found only in the Man 0' War
S, . ’ . - )

Member and in-thé'Bérfy Head Fbrmatidnf(Platesl7b). Ooid. fabrics appear

to be preserved on -a microscopic scale under plane light.but crossed.
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nicols reveal mosaics of aphanozrystalline to very finely crystalline
. . -~

quartz.

= 6.3.1.5 Dolomitized Qoids

fw-.__//
e

.

Partial dolomitizatibn of grey oolite is common and may impart a |

fabric-specific to ooids and has partially or completeiy éitered the

partft1e§:E Three types of dolomite replace ooids: (D) aphanocrystalllne

\,

\ -dolomltgi (2) ferroan dolomlte and (3) non- —ferroam dolomlte (descrlbed

\\\J/In\%et Q’fgh Chap. 8) Undolomltlzed and part1ally dolomltlzed coids

alsb hav qumerous small dolomite rhombs, 5-20 Pm in size, 1e._>

‘microdolomite.(cf. Lohmann and ﬁeyers, 1977).
Aphahocryétélline dolomite is\highl& fabric specific-in géey oolite

and relativeiy"uﬁcommon. This type of dblomitization is tharacterized

by efcellent preservatlon af oocid fabrlcs. Ferroan dolomite is the moS5t

common type and consists of f1nely to coarsely crystalline dolomlte

2

rhombs with a cloudy ‘core and an outer zone of inclusion-poor; ‘ferroan

dolomite (Plate 20d; 28a). Fabric preservation is poor. and the extent of

.

dolomitizgtionfis variable.‘ These“dolomifiied ooids are qccas%opally
restricted "to thin horizbns_forming:alterdat;ng beds of»dolomitized
oolite gnd}éalcitic bolite. Non;ferroﬁn dolomite is véry finely éb '
finely cryséaliine‘and Egg_fabric_preserva;ion ;imilar go ferfoanl

dolomite. i : ' o ' - .

- mottled to layered appearance to,politeé.' Dolomitization'is generally
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6.3.2 Brown Oolite,

“Two types of medium sand-size ooids are recognized on the basis of
cortical fabrics, concentric and superficial radial (Fig. 6.1).»Tﬁe

nuclei are micritic or oolitic intraclasts, broken or whole ooids, or

peloids; echinoderm and trilobite grains are rare. Concentric and

radidl ooids rarely occur in-the same bed, but no obvious spacial or - *
3 . - -

témporal distfibutionvcan b2 discerned.- Normal radial ooids, typical of

grey oolite, are present “in this lithofacies as isolated grains or in

Ny

oolitic intraclasts, - . . ’ _ C

6.3.2.1 Concentric Ooids . - o

)
.~

These ooids have cortices up to 60 pm in thickness, which are .compased
of concentric laminae, approximately S pm in width. Three.distinct
types of laminae.are recognized and may occur within the samé'ooi%_

.

(élate121b): (1) micrite laminae (commonly dolomitized) with moderate

luminescence; (2) radial-fibrous calcite laminae with dull luminescence:

and (3) laminae-of finely to medium crystalline, inclusion-poor ferroan

calcite with dull luminescence.  The outermost lamina in any ooid grain;

however; is generally micritic or dolomitized micrite. SEM

microphotdgraphs show that laminae have highly irregular bopndafies,'
particulatiy Lhose'of blocky calcite, and that micritic laminae ‘are
composed of elongate to equént crystallites with no preferred

orientation..- ' ) ] S ‘ .

The most common nuclei are peloids and unbroken or broken radial ooids
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(0.1 to 0.2 mm ih dianeter) 001ds wlth unldentlfxable nuclei that have

been replaced by microspar or pseudospar are also abundan& Echmodem

. <

and ‘trilobite nuclei are rare but when present, generally have micritic

rims and are not’ syntaxial with the cortex. T, -

6.3.2.2 Sﬁperficial RaaiaQ'Ooids : . ' -~

... These are characterized by a cortex of fibrous to prismatic calcite'

g fienfed radially to the nucleus (Plate 2le, f). The cortex is

'épbroximately 16 to 40 pm in thickness, and when composed of fibrous’ ';_.4

calcite has a distinctive bréwn colouration identical to radial ooids in

grey oolite. .Dark micrite rays are common and concentric bands of-

mlcrite are occas1ona11y developed 1n 001d cores. Cathode lumlnescence R

reveals concentric zones of alternating dull and moderate-lumlnescence;

up’ to 5 zones have been observéd within a single ooid«

»

A.-,_it:r

6.3.2.3 Disfonted Ooids

Distorted concentric'ooids are abundant in brown oolites that are

ceﬁented by only blocky calcite or poorly developedlfibroué and‘meﬁiscqs‘

ca1c1te cements, Overcompacted and flattened ooids, which have
L]

" elongated axes-ﬁarallel to beddlng. tend to occur in 1rregular.
centimetep-thick layers parallel to bedding or in irregular patches

(Plate 21a); elephantine and spalled ooidé, typical of deforﬁed grey

,

oolites, are fot present. Flattening of the ooids creates-a "fitted

grain" texture with no extensive brittle fracturing’or partial removal

of the cortices or nuclei. Most deformation is concentrated in the

concentric laminae and in micritic or microspar nuclei. Radial doids

-

B



200 - .

;-

and echinodérm particles present as ooid nuclei .and distinctfg(ain

components are generally not flattened but have égturgd grain .contacts.

In comparison to concentric ooids, distortion of superficial radial

ooids is minimal. Sutured grain contacts ‘and .minor brittle crushing of

particles give rise to a slightly overcosdpacted fabric.

-

L3

643.2.4 Blocky Calcite and Micfi;ized'OOidS; TR .

These ooids are the same size and shape as' those previously des¢ribed

but lack good preservation of cortical and/ar nuclear fabrics. .Blécky‘

. calcite ooids dre composed of-inclusion—rjch.”very-finely.to finely
crystalline crystals that commonly become more fefroan. toward the ooid’

centers, and minor nonferroan, finely crystalline dolomite. Relict”

copcentric fabrics are occasionally retained but generally only a
: : - . : .

.
-

micritic rim outlining the spherical shape of each ooid is p

’

reserved, .
No leached ooids or oomoldic porosity is present in calcareous brown

oolite, but .minor ‘comoldic porosity occurs in’dolomitized oolite. '

- ) ‘e ¢ * v . . .
Micritized ooids are only recognizable from sand size petoids when

vague concentric bands or radial fabrics are retained. .Thesq particles

are rare and may be associated. with either concentric or. superficial

" radial ooids. As discussed by Wilkinson-et al- (1985),_the§éiambiguous_”

grains may have originated by excessi#e grain abrasion, boring by .

R -~

microendolithic organisms or a combinatian of the two.

6.3.2.5 Dolomitized Ooids =~ ) o

.

'All brown oolites in the Campbells Member of the Petit Jardin
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Formation, which is predominantly limestone, exhibit some degree of

doiomitization (also refer to Chapter 8), Three types of dolomitiéeQ»
ooids, similar to. those in grey oolite, are reéognized: (1) nonferroan
and ferroan, aphanocrystalline dolomite with excellen; fabric
preservation] (2).ferro;n; finely to coarsely crystalline.doiomite in
which gross oéid shapes are retained but ﬁot detailed fabrics; and (Bf'
finely t6 medium crysfalliné, nonferroan dof&mite which may breserve‘

ooid fabrics.
e

-

3

'Type'}‘doiomite is most common and is best deveioped in the lower part

of the Campbells Meaber‘uhere;browﬂ oolites are interbedded with

carbonate laminitqs} ' The concentric and superficial radial ootds are

parcially or completely délomitized and have well-preserved nuclear and

corticé} fabrics (Plate 21b). Othér»components of brown oolites, such as

the micritic matrix, cements and. oolitic and micritic intraclasts are

ofteri altered .in a similar fashion. OQomoldic and vuggy porosity, up to

'

103, and half-moon ooidé are sometimes presént.A The .resulting voids may‘

be partially occluded by coarse ferroan dolomite add'blocky-cqlcite.

'Comparaﬁiﬁely. type 2 is rare in brown oolite. It occuts

preferentially in ooid nuclei and is best developed in compgcted'
sediments of the Campbells Member. Type 3 dolomite is rare in brown
oolites in the Campbells Member but.isgﬁjmmn in the Eelix‘ﬁtmbgif

"

6.4 Q0ID GENESIS

- The facies-specific nature of the various ocoid types in the sequence.

L.



strongly supports the previously proposéd interpreiction of in situ

intertidal and subridal ooid precipitation and deposition (Fig. 6.2).

6.4.1 Subtidal QOoids

c e

Oéids in grey qolite exhibit a correlation between coid size and the
composition of the cortex, which suggés;s the importance of physical
processes, particularly hyd;odynamic;'in ooid.formation. The émallér
coids typically'have a raQial corﬁex whereas the large£ ooids have
cortices that become progressi;ely more laminated (radial-conceqiric)
toward the margin. Thi; fabric is identical to those described in the
Jurassic Twin Creek formation,'Wyoming (Meawedgff and Wilkingbn.'IQBB)
and uppér Camsrian War;ier Formation, Pehnsylvénia‘(ﬂeller et, al.:-
1980). As §ugggsfed by Heller et al. (1980), the smaller coids were
kept‘mainly in suspension under high‘energy conditions, which pérmitted
the accretion of a radial cortex w}tﬁoﬁt severe g;f;g:abrasion. With -
intreasing grain size (threshold of 6004pm), bedload ‘transport became .
more imporﬁ§nt resulting in ;ncreased abrasion and grain collisions

which caused growth of concentric'laminae and grain breakage.

’ N

Tucker (1984), however, negated éhe importahce‘of grain abrasion and
'suggested that water turbulencé and turbidity were the main factérs
goJerniﬁg formation pf the cortex. He ﬁroposed that smaller radial
.oqids formed undén less turbulent and hore turbid conditions than la;ger

-ooids; whiﬁh formed in a mud-freg environment by incremental goid
precipitatfdn hn¢er Bigh energy conditions. 'The above bydrodynamic
interpretatidn is.more feasible for Port au Port ooids than Tucker's

propbsal as suggested by: (1) the lack of correlation between the dmount

-
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Figure 6.2:

203

Summary diagram of the formation and distribution of
ooids in -the Port au Port Group. Radial ooids formed in .
suspension under subtidal conditions and were: (1)
deposited in the subtidal; (2) "nuclei" for the formation-
of subtidal radial-concentric ooids in bedload transport;
or (3) transported into the intertidal environment,.where’
“they were (a) deposited as superfical radial ooids, or (b)
nuclei for concentric ooids. Synsedimentary cementation of
all ooid types is common. ' B

* 3

L

»
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SUPERFICIAL RADIAL
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of micritie matrix-and the ei;e of ooids; (2).ihe éimiiarity’in'

structyre and size between nédial bpids and }hé radial inner cortex of -
radial-concentric- coids; and (3) the‘ednsistent sdze of ;heAradial inhner
cortex in all padiél—concéntric'doids.- o

Minor occurrences of cerebr01d OOldS W1th m1cr1t1c zones in grey

»

oolite indicate the 1mportance of localized controls on cortex

.

‘formation. The formation of mic;itic areas in, the cortex has beenf

astribed to a variety of processes which include: (1), dissofution and)’.e

precipitation by bacteria'(Kahfe3'1976) (2) inhibition of 001d growth

by mlcroorganlsms or 11me mud (Rlchter, 1980 and (3) algal borlngs

- . .,

(Newell et al;, L960). The:variableanature‘of cerebroid ooids in the., -

Port au Port G:bup suggests that' any one or all of these-é;ocesses qould

have been active during ooid generatior. The presence of cerebroid
, . : o o .
ooids, however, in which concave'laminae'in cone—shaped micritic areas -

'

can be traced into radlal and radlal—concentrlc areas of the cortex

\.., . '

suggests that 1nh1b1t10n of cortex growth poss1bly by mlcroorganlsms,

was 1mportant in subtgdal 001ds. " ; - .o -

6.4.2 Intertidal Ooids

Based upon the dlfferent types of modern oo1ds (e.g. Truc1a1 Coast,

Loreau and Purser, 1973 Baffln Bay. Land et al.. 1979), concentric

ooids in brown oollte are. 1nterpreted to reflect more turbulent

conditions than subtidal grey oolite. The abundance of a lime mud

'

matrix, thin mudcracked beds. and the pOorly sorted assembiage of grains,

'however, suggest that hlgh energy condltlons (dur1ng whlch 001d growth

took place) alternated perlodlcally w1th lower energy cond1t10ns (wh1ch

a

~
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'pern1tted mud dep051t10n\ ﬁuﬁe}qus equivocel mechaﬁisms'of eoyti;al—
accretion heve been pqqposeé and are,revieQed'iﬁ Simone (1981);
' ) L = B .‘1 L I
TheAtwq types of eonCenLt}c-6oids:.thpséfvieh:befoidéi q;u
unidencifiable'nqéleivaﬁd tﬁose'Wieh'an innef cortéx which is.identfaal

l
to subC1dal radial 001ds. 1nd1cace two pathways for Lhe gruwth of

concentrlc oo1ds. The f1rst type 1s 1nCerpreted to have nucleated

S

‘grown "and been depos1ted wholely wlthin the 1ntert1da1 sand flat S

. ‘without s1gn1f1cant transportat1on of 001ds.. The b1part1te composxtlon:
of the second type, in cOntrast,‘may reflect chang1ng enVInynmEuLdl

AR

’ condltlons or the transportatlon of 001ds between env1ronments.l The
sharp boundaqy_between thellnnen radial cortex and,the oute; concentric
laminae support the latter interpretation; small radial ooids which

K]

formed in the 'subtidal mobile fringe’ were swept into the intertidal sand

flat where they.ﬁucleatedfthe.growth of a cpnpentrib.gertef. 'Then

occurrence of superficial radial ooids in brown ocolite.further suggests
‘that some of these "baby" radial ooids did not undergo further_accfefion~ :

in the sand flat. This';nterpreteiion‘codid elso be.applied to

- . A -

,radial*concentric ooids-in'grey odIite,Qbut ‘the absence of'thQSe 60ids

in 1ntert1dal oolltes suggests that they formed 1ndependent1y of the’

above concentrlc ooids and prlmarlly under subtidal condltxons.

hd -

6.5-00ID MORPHOLOGY AND MINERALOGY = .« . .o o o o
Ooids of'ﬁhe,Port‘aﬁ Port- Group are now calcitic and exhib@t a rangcﬂi‘ -

\

of cortical fabrics. Based upon modern marine ooids, -the original
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, T .
'

. - . . .7. .' \
morphology of the ooid cortices may-have been: (1) tangential -
concentric laminae of needles or batons arranged tangentially to the.,

nucleus, and laminae'of subspherical, anhedral crystals with no- -

discerible pteferred orientation (Newell et al., 1960) end/or'(Z)

’

radial-fibrous — long axes of elongate crystals radially ‘oriented

perpendicular to the 001d surface (Rusnak, 1960). Their orlglnal

mineralogy may have been calc1te. magnes1um caIC1te or aragon1te. -

P

Cortices of undolomitized concentric and superficial ooids in brown

9 N s - s ‘ N Y
oolite show little variation from the fabrics descr{bed earlier in this
chapter. In contrast,'undolomitized'radial and radial-concentric ooids
in grey oolite exhibit varying styles and degrees of cortical

preservation;}which have important implications for‘originalféoid

' morphology and.mineralogy. .

. . " .
. d

<2 5 > “'. -

p.S.l Styles Of Preservation of Radial and RadialJConcentricAocid§

- . . . . .

Radial ooids and: the radial’ core of radial-concentric ooids exhibit
I v [ . . N

~

several modes of cortical preservation. On a microstbpit scale.;two

A

styles are recoguized fine and coarse preservat1on, whlch c0mmonly

- -

occur w1th1n the same. grey oolite bed and even w1th1n ‘the same th1n

sect1on. Preservation of .the nucleus 1s dependent upon.the-type of .~
particle and ls unrelated to the preservat1on style of the cortex.

.Finely preserved oo1ds retain' excellent f1brous fabr1cs on the scale of

the light m1croscppe and are as descr1bed earl1er 1n thlS chapter.

Under the SEM, howeyer. cortices are seen to be composed of equant and
elongate, micrometer-size crystaliites oriented perpendicular to ooid

surfaces, which have many tiny holes ‘and microdolomite.
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The style of coarse cortical preservation, in contrast, varies within
any given grey oolite bed and within individual ooids (Plate 18a). There
are three types of coarsely preserved ooids: sparry radial,"

radial-blocky, and blocky ooids.

6.5.1.1 Sparry Radial Ooids = ~—

Similar to well—preﬁerved radial and radial-concentric ooids, these

ooids have dominantly radial cortices but are composed of radially.

'dispoéed crystals of (i) rice—shaped calcite, 10-20 pm in size (Plate
"18b) and (2) prlsmatlc ca1c1te. commonly twinned, 20 to 50 Pm wide with

" crystal lengths that extend the entire width of the cortex. 4n

1ntercrystalI1ne matrix of pyrite, clays, and possxbly organxc material

-(here1n referred to as arg1llaceous matrix) is poorky developed

Abundant inqlusionsq‘present throughout but4concentrqted near the

.4

elonéate crystél edges, impart a brownish or cloudy appearance to the
cortex, s1m11ar to’ that in f1nely preserved 001ds ' Under the SEM, theSe
1nc1u51ons are seen to be predomlnantly holes, representxng posslble

P . -

original micropores or removed mineral matter or fluids (Plate 18c).

'Moderate- and’ dull-luminescent concentric zcneg.-identicel'to_LhOSe.

"~

observed in well preserved'ooids}.occur in most sparry radial ooids but

are: best deVeloped in those with rlce-shaped ca1c1te cortices dnd pourly

.
Dy

def1ned in pr1smat1c ca1c1te cort;ces (Plate 19b)

6.5.1.2 Radial-Blocky Ooids-

~

This type of ooid encompasses a. range of cortical structures that are.
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tomposed of two basic fabrics;.blchx calcite-and radially—disposed
calcite (Plate'19a, b). The dull—luqinegcept blocky calcite tendé to be

concentrated in the inner part of the.cortex and is-of very finely to

medium crystalline sizeé. It is inelusion-poor with an abundant
intercrystalline argillaceous matrix. Crystals increase in size toward

the core of the ooid and tend to become.more equant and ferroan. . . -

-~

The radial’zone well developed.in the outer part 6f the cortex, is

-

composed of 1nc1u51on—f1ch crystals that vary. from f1brous ca1c1te to

/

finely to medlum crystallxne, rlce—shaped and prlsmatlc calc1tes. as
described prev1oust.' Thls zone stlll retalnS'the dlstlnqtlve browplsh
¥ ) C ) , yd . . . . L
colouration, and relict concentric bands are commonly preserved. The
arrangement of an outer.zone of radial calcite.and an’inner zone of
blocky'calcite is relatibely consistent, althbugh there‘are rare
‘occurrences of blocky ca1c1te and radlal ca1c1te in alternatlng

concentric rings.or patchy developments of bldckyVéalcite. 001ds which
have thick zones of_fadial calcite'have‘verylsmalﬁ cores’ of fine b}ooky

calcite whereas those with thin radial zones hdve larger and coarser

_blocky calcite.cores. -

6.5.1.3 Blocky Qoids.

Ooids with. cqrtices of predominéntly equant calcite of Finely to

‘coarsely»crystalline size are abundant (Plate 20a, ¢). . Blocky caltite

1

is generally rescrlcted to w1th1n 001d part1c1es, but crystals

, cross-cuttlng 001d boundarles are occasxonally present. Crystals

.

character1st1ca11y decrease in size away from- the core of the 001d and

are 1nc1us1on~poor and commonly ferroan. They dlsplay dull

Y
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luminescence, with occasional CL zoning, and tend o be‘associated with

-~

ferroan~dolomite'(Plate 20b, c). Crxstals are occa31onall‘ twinned;and‘

have an abundant intercrvstalline matrix. Blocky ooids are connonlv
assoc1ated with fractures fllled by dull- 1un1nescentublockv calcxte,

peloidal nuc1e1 in these 001ds are occasionally preserved and may bé

displaced from opid_centers (Plate "20c).
] '

'

Fabric preservation-is generally-poor,'apart from'the‘retencion'of'

grain outllnes by aligned 1nc1usxons and the frequent preservatlon of a -

. .

thin outer rim of radlal—flbrous calcite. Rare 001ds klth good fabric

preservation under low-magnificarion ‘but composed of blocky calcite -

v

{visible only uqder crossed polarizéré) are present. Relict radial and

radial-concentric structures and nucléi in these coids are preserved as

. -,

inclusions in the blocky calcite cryetelsl This degree of preseryation:
has only .been’ found in ooids ad jacent .to abundant echinoderm:particles - . -~
and syntaxial calcite overgrowths; ooid cortices. are partially:or :

completelf syntaxidl with these bioclasts.
. ’

6.5.2 Interpretation of Ooid Structure - ' .

i .

001ds in both brown and grey oolltes commonly have cortices whlch show

"

well preserved rad1a1 concentrlc or rad1a1—concentr1c structures.,'In.

accord with other studles of anc1ent 00ids (e. 8. Sandberg{ 1975 ‘

Wilkinson and Landlng, 1978), the excellent preservatlon of cort1Cdi

N

.

structures and the 51mllarrpy wrth modern marlne.oolds'(refer to-

'Kﬁpeﬁdix C) 5uggest that these finely'preSerqeleort au Port ooids have

been little éltéred by diagenesis and so- have retained much of their
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primary cortical structure, Associated coarsely preservea coids are-

. 3¢ :

interpreted to have,originated from the same primary ooids as finely
Iy ey ’ ! ' ° -

preservedlooiqs but to have been vafiably affected by diagenesis.

6.5.2.1 Brown Oolite

Concentric and superficiél radial ooids that are not dolomitized er

silicifie exhibit_a'relatively consisﬁent style of preservation.

Concentr1c 001ds have a cortex of alternatlng concentric micritic and
radlal flbrous lamxnae that always exh1b1t f1ne fabric preservatlon and

thus are_1nterpreced'as primary. Laminae of'blocky calc1te, which never

preserve relict structures, are interpreted to be secondary or altered

febrics. Cortjces of superficial radial ‘coids are texturally similar to

radial-fibrous laminae ip concentric ooids and the cortices of radial -

ooids in grey polite,'éhd are also considered to have re;ained most of .

- . . ) . . 13 ) _
their primary fabrics. Radial prismatic crystals that commonly occur in
‘these superflclal oo1ds may have resulted from the coalescence of

originally ac1cular crystals. . - Lt e

-

Althowgh distorted ooids‘éreinop abundant in brown ocolite, they are

notable for-their_uﬁusual style of deformation.' The "fitted.grain' )

A

texture", formed by corcentric 001ds ﬁlastlcally flattened parallel to

bedding, " LS 1nterpreted to have resulted from the mechanical compactlon

of unhardened cortices when early cements and matr1x~were not abundant'

P
evidence of brittle fractur1ng of micr1t1C~and radial-fibrous laminae.is

rare. There appear to be two possible explanations: firstly, ooids were

precipitated és soft barticles.pnd were lithified subsequent to perticie

compaction and secondly, they were hardened ooids that were altered

A
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during later diagenesis .to soft particles that were readily deformed.

No "soft ooids" have been reported in modern oolite environments and

even experimentally precipitated.ooids have hard. cor.ices (Davies et

al., 1978; Ferguson et al., 1978). The lack of a moderr analogue does

' _not'precludé the possibility of "soft ooids" in the Cambrian. Robinson

(1967), however, noted iﬂ his study of Récéﬁt and Pleistécene oolités
from the Bahamas and southern Florida that ar;éonibe ooids take on 4
soft friable texture when partially altered to calcite. .Studies of
aragonitic‘bioclasfgf(e.g.. Jémes, 1§7b; Pinéicore,.l976) havé also

proposed that;alqeration to calcite involves an intermediate 'chalky"

‘stage (discussed in the following sec;ion). Thus it is suggested that

the "fitted" concentric ooids of the Port au Port Group may be the

.products of mechanical compaction of partially dissolved, "chalky" ooids

during burial.

- 6.5.2.2 Gfey Oolite

. - ) T
, ] . . . o . - L -
Finely preserved radial, radial-concentric and asymmetrical "ooids have

retained detailed cortical structures, at least on the scale of the

light microscope. As for radial and micritic fabrics in ooids of brown

v

colite, the preservation of fine ﬁébrics and the simllarity with modern

' radial ooids suggest that the present structure of these ooids in grey.

. 1
oolite is similar, if not identical, to original ooid fabrics.. The

- ~

[
-

presence of broken 6oidé ii'gréin components or as ooid nuclei, which
. -y . V_ . v B .
are parallel to the radial fabric of. the

cortices, further supports a primary origin for radial coatings (Halley, - -

1977). ‘ e
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“Coarsely preserved sparr) radial, radial- -blocky, and blocky 0oids

v

exhibit a range of cortlcal fabrlcs.' Poor preseruatlon of ‘cortical |

structures and the fabric variabjlity indicate that these ooids have -

been altered. The common retention of gross-radial structures in . .the

cortices of coarse-fabric poids; their similarity in particle size; and

close association with finely preserved'ooids further suggest~that they

were derived from the same primary radial and_radlal-cohcentrlc ooids as

‘\__ ! ) - ) ) . )
the well preserved grains. They are not alteration productsiof ooids ~

4_that are morpholog cally and/or m1neraloglcally d1ffetent - The reLict

concentr1c bands, 1nd radlal-structures~in»these altered.o01ds further

indicate that they are. neomorphlc products and that Wholesale ‘

dlssolut1on and- prec1p1tat10n of the Goids . generally did not occur

Minor occurrences of haIf—moon and blocky oo1ds adJacent to fractures.

and CL zonlng su‘gest lopallzed occurrences of late-stage oo1d

dlssolutlon.

There are several possibilities‘for the rélatibnship between thé'

varigus 001d types and thelr sequence(s) of alteratlon. (1) 001d

4

dlagenesis occurred 1n a- sxngle sequence in whlch all the previously

descrlbed types of oo1ds reflect varlous stages of alteratzon' (2) there

were several—dlagenetlc'pathways that ultlmately resulted in the.
.alteratlon'of prlmary 001d fabrics to blocky ca1c1te and (3) the flnely
preserved radial and radlal-concentrlc.oords and the var1et1es of:
caarsely preserved 001ds were’ completely unrelated alteratlon products.

Based upon the ab0ve 1nterpretat10n that f1nely and coarsely preserved

ooids originated. from the same type of prlmary ooid, the latter two

. . ' . . .
cases are improbable. A single alteration sequence that gives rise to
L A e . . '
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- progressively more altered ooid fabrics is.the simplest and most
feasible explanation.

P

It is proposed'that-blocky ooids.and finelp preserved radial and
dradlal-concencr1c 0oids are the two endrembers of the sequence and thac
che other coarseiy preserved 001ds are fOSSlllZEd 1ntermed1ate scages.
AlteraC1on of predomlnantly radlal fabrlcslco blocky'calcxce occurred
. by (1) the progre551ve loss of rad1al structures, due to aggradacxon 4$A

and/or coalescence of - acxcular cryscals. to form sparry rdd1al cortlces

hed

- and (2) the oucward developmenc of blocky calclte to form radlal block

and blocky cortices.' Based prlnarlly upon che corclcal fabracs of ‘the

two endmembers and the assumed loss of rad1a1 fabrlcs Hlth oo.id:

alceraclon. the postulated d}agenetlc sequence is glven n Flgure 6.3.
This is an 1dea112ed sequence in' that all alcerat1on phases are not

always present.. A systematlc varlatlon in 001d preservatlon scyles

Ty

either temporally or- spac1ally, has not been dlscerned

The variety of ooid fabrics and associated dolomites and calcite

.

cements suggest that ooid'alceration was a'protracted process, which

spanned early and late dlagene51s ‘and- 1nvolved elther a 51ngle .

o

continuous event or multlple ‘stages of alteraclon. Prlmary ooids'

probably stabilized»to grains ‘with’ finely preserved fabrics during~

B . v . '

shallow burial, prlor to dolom1t1zat10n, graln dlssolutlon, and

mechanical compacclon. Subsequent mod1f1cat10n to coarsely preserved‘

-

ooids (ultimately biocky ooids) cook.place'during later diagenesis‘and

progressive sediment burial. Crosscufting relationships with early

diagenetic“dolomitev(refer‘;o Chap. 8) suggest that coarsely preserved

fabrics were present prior to dolomikization but that some ooid

P
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Schematic diagram of the sequence of alteration of primary
radial and radial-concentric ooids to blocky ooids during

Figure 6.3:
progressive burial of the Port au Port Graup.
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-
alteration took place after dolomitization.

-
.

" Cathode luminescence data provide evidence, albeit equivocal, .
suppérting the modification of cortices in several stages. Finely

. . 0
preserved radial and radial-concentric ooids, and coarsgly preserved

K]

sparry radial ooids all have moderate to dull luminescence in concentric

zones; a progressive loss of CL zoning-occurs from rice-shaped to
, . ) , . .

prismatic calcite cortices. Similarity in luminescence prdpertie§ »

" suggests that the alteration of finely preserved cortices to sparry

radial ones was a gradual.process or at legst occurred under similar
. ) : ,

diagenet%ﬁ conditions. : . -

Blocky calcite in blpcky and ‘radial-blocky woids, hogever, has’

)

uniformly dull luminescence and crosscuts radial structure, suggesting

that alteration to blocky calcite was a much later event. Precipitation’

of this g¢alcite may have been in part concomitant with precipitation of

bloéky calcite cement, as suggested.by: 1) CL of blocky ooids‘is
similar to that Sf b;ocky ca%cité.crments, which_commonly occlude
intergrarnular and moldic poropity and late fractures, ‘and afg' i‘
interpreted to bF pxecipigatgd during deep bﬁriai (refer tdgchap, 5)'ahd ‘
‘(2) the occurrence of blocky ooids adjacent to blocky calcite filled
fractures. Rare ooids with prismatic caléite that has

btight-lumiancent, scalenohedral crystal terminations projecting into -

'adjacgpt Bl.gky calcite Further suggest that some of these blocky

B

calcites may be late stage void-filling cements\(Plate 19b).

t

iy
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record.

.
1

Trilobites. These bioclasts are generally welL preserved and dre

-

composed of non- -ferroan calcite. cr}stals that are or1ented perpendlcular>-

to the skeletal surface. No exten51ve neomorphlsm or~dlssolut10n has

been observed, 1nd1cat1ng that the orlglnal mlneralogy was 91ther

calclte or Mg calclte. As dlSCUSSEd by James and klappa (1983), some
trilobites may have been Mg ca1c1te (Lowenstam, 1963 Telglar and Towe, ~
1975; Rlchter and Fuchtbauer. 1978) and others may have been calcite

(Stehli, 1965).

~
~

Echinoderms. Only fragments of echinoderms are preserved in the
sequence but they are the most abundant bioclasts. Echinoderm particles -

behave optically as single calcite crystals and havé ubiquitous®

syntaxial overgrowths and intraparticle ‘cements. The calcite is

A ‘

‘generally non-ferroan but there are occasional ferroan eéchinoderm clasts |

- - .. . . . - - - -
« N . ! . . -~
. “ .

with non-ferroan calcite overgrowths. : - U

The fabrlc and optlcal propertles of these Cambrlan echlnoderms and
overgrowths are cons1stent w1th younger examples. Modern ech;noderms
are Mg’ calc1te;(Bathurst; 975) and studies of Pleistbcene examplesﬂ_.,':.‘f-
(Land, i9'67£ Ri.cht.er,l 19'7;'5 .‘provide‘.infornation reg-ardi-ng ‘their" |
Sreservation'mechanism. Echlnoderm fragments which subsequently lose
thelr magne31un content, undergo gradual ca1c1te cementation of:- (1) _
1ntrapart1cle pores and (2) the prec1p1tat10n of progre551ve1y thlcker.f o

c

- rinds of syntax1a1 ca1c1te°-all cements are-in optlcal cont1nu1ty ‘with B

the partlcle. Lowenstam (1963) examlned well—preserved Pennsylvan1an DA

5

echlnoderms and found ther were composed of either ca1c1te or Mg S

[ N



alt original m1crostructure. Two stages of calcxte are developed an

calcite., James and klappa (1983) proposed that the nlnera ogy of extant

forms and those as old as ﬂlSSlssipp1an age strongl\ argue for Lambrlnn

echinoderms of Mg caxc1te.

Calcareous brachiopods. ‘Most brachioped fossils preserved in the Port

au Port Group are phosphatic, though calcareous_inarticulate'brachiopods
of inclusion-poor blocky'calcite (fine crystalline) do exEStllfOnlf

gross shell outlines are maintained.

The consistent lack of'microstrutture.suggests that these brachiopod

shells were originélly-aragoniteA(Willjams~add'Wriéht,‘1970:'James.und

Klappa, 1983). Furthermore, CL and the‘preservatiOn of shell outlines as
inclusions in blocky calcite indicate that neomorphic alteration and/or

cementation. of dissolution molds by olocky calcite took‘plate, usualdy
within the’ same bioclast. — _ ,
S . - 3

Gastropods. Gastropods are found in the upper part of the sequence.
partlcularly in the Man 0’ War Member of the Pet1t Jardin Formatdon.

They are composed of f1ne1y crystalllne blocky calc1tn whlch obllterated

initial stage of non-ferroan.calcite and-e later‘(innef) stage ofJ

inclusion-rich, ferroan caltite. Similar to a&gpods, cons1stently

poor preservatlon of gastropod fabrlcs suggests an’ or181ndl aragonitic

composition, and CL zoning 1nd1cates that the’ blocky ca1c1te sccluded
r . 5
gastropod molds.

R . - . . .

From the above descriptions, it 15 apparent that the or1g1na1

m1n°ralogy of these bloclasts influenced thelrepresent fabrlcs‘f
. " - ~ LT
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trilebite and echinoderm,faxa with ereserved microstructure weree
originally calcitic (most likely Mg-calcite) whereas bfacﬁiopod and

S . ) ‘ o o -
gastropod debris no; of blocky calcite were originally arhgdniti;;j.Teis
relationship of eheli mineraiogy and micrqstructﬁre preservapioﬁ appearslt
to appl; to most foesil skeletons and provides a criterion for
determining the oriéinal mineralogy of both biotic aﬁd'abiotie' ‘ﬂ' -

components (e.g., Sorby, '1879; Sandberg, 1975; James and Klappa, 1983).

This is particularly applicable to ooids which originelly .had a g

significant organic content (Newail et al., 1960).

Cémparisoﬁ-of neomor phic fabrics of Cenozoic ooids and biogenic

companents with ancient ooids (e.g., Sandberg, 1975; Tuekerﬂ 1984;

Wilkinson et al.,'1984) indicates that diagenesis of aragonife ooids’

t

should result in the destruction of fine fab}ies whereas calcitic coids
should fetain detailed microstructures with diagenesis. AppIyiné tﬁis'
to:ooidS'of the Port au Port Group, radial and.superéieial radial bo;dsi )
are interprefed‘to be_of%ginally calcitic (high or low Mg); conéentric-
and radial—cdncentrie ooide are interpreteﬁ toAhaQe'én'origieel‘

bimineralic (aragonlte and calc1te) composition. wlth a- predomlnance of

calcite (hlgh or low Mg)

©6.5.3.2 Concentric Ooid Fabrics

Concentr1c oo1ds 1nhbrown oollte and the concentrlc rim of
radlal-conceﬂ%¥§£°001ds in grey oollte have fabrics whlch suggest a
A,
prlmary twoﬁphase or 33m1neral1c compos1t10n. Lamlnae of well preserved

radlal flbrous and mlcrltlc calc1te were orlglnally ca1c1te (probably Mg P

ca1c1te). Ev1dence for th1s is prov1ded in the follow1ng dlSCUSSIOH of
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"radial ooid fabrics”. In contrast, laminae of blocky calcite, which
have no microstructure preservation, are interpreted as originally

composed of aragonite. - Although there is no unequivocal eVidence for’

-

original aragonite'(e.g; aragonite.relictS' Sandberg, - 1983). the .
occurrence of dlstorted ooxds (half—noon, elephant1ne. spalled 001ds and.

lunate’ lamlnae) supports thxs 1nterpretat10n. It‘is suggested.that

Tn

these 001ds were altered by ‘the dlssolut on of more soluble aragonrte

laminae and. the collapse or’ detachment of less soluble ca1c1t1c ldmxnde,

-accompanled by . m1nor c0npact10n (WleLnson and Landlng, 1978 leklnson

et al., 198A; Wrtklnsonjet'al., 1985).‘

'Bimineralic‘Cortités have been recognizedAin Holocene dOidS Erom.
:Baffln Bax, Texas (Land et al., 1979) and consrst of radlal Mg calc1tc‘
.coatlngs and tangentlal and m1cr1t1c coatlngs of aragonxte. In
addition, synsedimentaryr!ihents.of coexisting Mg calcite and aragonite

have been documented in modern seas (e. g Land and Moore, 1980} and have

1 . o

been 1nterpreted in studles of anc1ent carbonates (e g Davxes,<1977

-1

.Sandberg and Popp, 1981)» o e . o

‘The transformation of - aragonite to'calcite is widely considered to

occur by an aragonlte dlssolutlon calcite’ prec1p1tat10n process of
varylng scales, whlch is governed by the rate and amount_ of. vater flow
(James, Y974' Pingitore; 1976 1978; James and Choquette. 1984) In the

g Port au Port Group, oolds wlth undlstorted lamlnae of blocky calclte

.
‘

occur,together‘w1th tho;e that have lunate blocky calczte laminae and
- distortéd laminae of fibrous and micritic calcite. This suggests that

" the alteratidn of aragonite laminae occurred under variable conditions "

prior to the mechanical compaction of ooids (ie. during shallow

s
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burial). Two alteration processes appear to be applicable to these

.ooids:

(1) In‘ooids‘unaffected by mechanicel co@paction or lacking disp&aeed
nuclei, aragon1te alteration occurred by concomltant-aragonlte
dlssolutlon and ca1c1te prec1p1tat10n ("neomorphism" of Folk, 1965;
Bathurst, 1975; Dickson, 1983). The lack of fabric preservation suggests
that this process took place Qhere there was a large volume of fluid

phase, such as in the meteoric phreatic zone (Pingitore, 1976; 1982).

'(2)'in ooids with displaced. nuclei of distorted cortices, cqmplete
dissolution of the ocoid or specific laminae under meteoric.coﬁditions'
created molds which were later occluded by post-mechanical compaction
‘blocky calcite cement (macroscopic alteraeion; James and Choquette,

1 1984).

6,5.3.3 Radiel‘and-Coareel& Preserved Qoid. Fabrics

The highly variable styles‘of ooid Ereservetion in grey oolite pese
problems for. the interpretation of origlnél cortical m1neralogy - Two °
p0551b111t1es exlst..(l) that the different preservation styles 1nd1cate
different original,mineralogies - a;agonite, calcite or Mg calcite and

(2) that these.ooide had cortices of the same original mineralogy ‘but

were altered differently.

As previously described,'recent studies of ancient ooids have placed
much emph551s on the relat1onsh1p between mlcrostructure preservatlon
and original mlneralogy 1n abiotic and biotic components. F0110w1ng‘

this thinking, the diverse assemblage of coarsely preservad ooids. in
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grev oolite of the Port au Port Group should be 1nt°rpreted as a.

-

heterogeneous arra\ of prlﬁarv aragonxte and calcite (high or lou Mg )

»

ooids.

A more qritical examination of the ooids and consideration of criteria

for ancient aragonite‘and‘calzite (Sandberg, 1983; Jamés and Kloppo,

1983),- however, indicate that these ooids contradict current- dogma.

Evidence provided in the-previous section demonstrates that thev

orlglnally had a common cortlcal morphology that gave rise to a range of

‘

preservation styles. “The prec1p1tat10n -and dep051t10n of 001ds w1th
5

identical mOrphology-but diffeting'mihetalogy in spacial proximity seems

intuitively improbable, Although modern marine coids with caexisting’

aragonite and Mg caicite_coatings havéﬂboén:dooUWeotéd.(Baffin Eéy; ’
. Texas; Lénd‘et;al.w 1979), no‘e;amplos ot aragooite ooids.mixed-with .
calctte or Mg calcito ooids of the same morphologyjhave Boen reporteo.
Thus finely and coatsely pteseryed'oqtds in the:Port>a§.Port;groi'_‘
oolites are'intérpreted‘to bE'diagenetic-produgts of ooid; thh:ﬁot‘oniy'

.

: the same type of radial and radial-concentric¢ cortex but with. the, same

mineralogy.’
\"

. . o :
Tucker (}984) in his study of mid-Proterozoic ooids in Montana

‘. - recognized a similar-variéty of ooid:types.within the same oolité bed

. and even within tﬁe.éame thin section. He interpreted; howeéer.'those.
.cdmposed.of'calcite'spar, with or without relicé’of originalhsttdcturé,

and columnar ca1c1te as orlglnally aragonlte. 001ds w1th excellent
tabric preservatlon (radial and radlal-ccncentrlc) were con51dered to
" have primary calcitic cortlces. -Yet in spite of the differenceskln

preservation -style, interpreted calcitic and aragonitic ooids are.often
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strikingly similar, both in-size and.gross cbrticai structure.
Acceptance of a shch a polyminerelic interpregecion_poses,problems'in.
explaining the close aséeciétion of such a variety of mineralog}es anﬁ
diagenetic fabrics, Preposed explahations'have inciuded‘exteﬁsive

o ,

reworking and transport‘of ooids of different minéralogies,'and changes’ o

in physical and chemical conditions ‘in the area of ooid formatlon
(Tucker, 1984 Wilkinson et al., 198&) The 'monomineralic"
interpregétion of'Port au Port ooids, however, provides a much simpler

explanation,

Three p0551b111t;es exlst as to the original mlneralogy of the f1nelv

* and c°arsely preserved ooids: aragon1te Mg calcite and C61C1tea

Aragonite’Versus Calcite. In spite of the poor-preSerVation fabrics of

' many of the ooids, there is.no unequ1vocal ev1dence for aragonlte in .
grey oollte. Sandberg (1983) summar1zed cr1ter1a for recognltlon of -

primpry aragonlte and ranked them accord1ng to the1r rellablllty. The

i

presence of.aragonlte rellcts 1s con51dered to be the most rellable

’ criterion' coarse ca1c1te mosaics (wlth or wlthout relict structures) on

the1r own are suspect 1nd1catgrs of aragon1te and must be quallfled by

addltloﬂal ev1dence.u Radlal oo1d cortlces in grey ooI1te were probably

' not aragonite for the follow1ng reasons,

. ]
L3

(1) No relict'aregonité has been found‘-se?efal thin sections Ereatedl

with Flegl stain (e 8« Lasem1 and Sandberg, 1984) also &1d not reveaL

~ any aragonlte rellcts. . L

’

‘(2) The’absehcehdfleomeldé and deformed radi;i ooids in grey'oolite

limestone indicates little wholesale dissolution.



now blécky calcite. If the entire ooid was aragonitic then two
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(3).00id cortices are in optical continuity with nuclei of originally

I . : . < X s )
calcitic trilobites or echinoderms, which indicate that the cortices

were not aragonite.

(4) Rare ooids with originaily afagohitic nuclei (brachiﬁods and

gastropdds) still have well preserved cortices whereas the nuclei are

different pyeservation styles would not be expéotedl(Sandberg, 1983) or

the cortex would at.least show partial replacement.’

e

(5) Syntaxial calcite cement forms on echinoderm fragment$ and ooids. .

- This type of cement has been shown to precipitate on calcitic particles

-~

\ . .
duririg early méteoric diagedesis (Land, 1967; MacQueen et al., 1974),

suggesting that the ocids were not aragonite. oo

Calcite versus Mg Calcite. Eliminating the possibility of an aragonite

i

mineralogy, ooids and syntaxial fibrous calcite cements (Chap. 5) were
either calcite or Mg calcite. The following evidence supports an

original Mg-calcite composition:

.

.

(1) Radial cbr;ices are‘partiaily or completely syntaxial with
. - ‘O. N

"trilobite and echinoderm nuclei. Strong evidence indicates that these

. . i . ) . . . . ‘s
bioclasts were Mg-calcite which supports a similar mineralogy for the

ooid cortices.

(2) Microdolomite inclusiodg\are found in ooid cortices (Lohmann and

Meyers, 1977)., - o

(3) Stained thin sections indicate that ooid cortices are commonly
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ferroan ca1c1te which suggests an orlglnal conp051t10n of Mg calc1te

,(Rlchter and Fuchtbauer, 1978).

(4) Poct au Port ooids are similar te radial Mg calcite cqatings of -
modern ooids in BaffinQBay. Texas {Land et al., 1979) and relict ooids
on the Amazon Shelf (Miiliman'and'Barrete;'1975) and off the Great.

e

 Barrier Reef (Marshall and Davies;.i975).

Based upon the preceding argunents, the diagenesis of Mg~calcite
radial and radlal-concentrlc ooids is 1nterpreted to have resultedlln :
two related styles of preservatlon one 1n which therevls excellent o
preservation of m1crostructures.and the ather }J which coarse
preSerVatiéndmay'occasionally retain reliét fabr%ce;3 This :?-
interpretation, hoderer, is dontrary to our current understanddng'of\"

Mg-calcite stabilization. The transformatﬂbn of My ca1c1te to calc1te
vls believed to occur hy an’ 1ncongruent dlssolutlon—pFEC1p1tatlon'
reaction in uhlch there is generally no obv1ous microscoplc fabrlc
change (summarlzed 1n James and Choquette. 1984), under the SEM. it is
obvious that there is'a sllght coarsening ef crystals. (Sandberg, 1975,
Towe and Hemleben, 1976) Although the exact nature.cf Mg calc1te

——&lteratlon 1s not well Enown, it has been.suggested that dlssolutlon of"

MgCOJ-rich zohes occurred flrst and was accompanled by ca1c1te
; °
prec1p1tat10n that was syntax1a1 ‘with adJacent calcites (Benson and

Matthews, 1971; James and Choquette,'l984).

Recent studies, however, have revealed exceptigns~to'this‘”
generalization. Firstly, molds interpreted as resulting from meteoric

alteration of Mg calcite particles and cements have beeg documenhted



(e.g. Quaternary beachrock,'Kenya; Schroeder, f979). As ‘noted by James
and Klappa,(1983), alteration of Mg calcite particles under conditions -

of rapid water flow and continuous undersaturation could fesult in a

loss of structure. Secondly, evidence from foraminifera (Towe and

‘Hemleben, '1976) suggeSts that the "stable" talcite,»formed from the loss.

of Mg, is further altered durlng later dlageneSLS. Several other )

studies (e.g. leklnson et al.. 1985 Sandberg, 1983) haoloi:ed coef.ée
preservatlon textures in 001ds Lnterpreted to have been. or;glnall' lqu.
magnesium calcite; Figure 67¢ summarizes the possible produ;ts of Hg :
calcite aiFEratioﬁ.- . |

Towe and Hemleben (1976) recognized three stages- in Lhe meLeorlc-

Wg—calc1te dlagehesxs of foraminiferal Stage 1 1nvolved a,1055 of

-

magnesium to form calcite with no alteration in the fibrous texture.

Stage 2 resulted-ln enlargement of - f1brous calc;te 1nto a NObGIC of

_equant gralns wlth retencibn of. re11ct structures' the concomltant

dlsappearancevof 1ntercrystalllne.organ1c matter may have created

.

sufficient voids for grain érowth Stage 3 lnvolved the deVelopment of -

even coarser crystals that-obli;erated orlglnal strugtures. "These three
stages are.parallel to the interpreted sequence of ooid_alterqtion in

grey oolite in:the Port au Port Group. The first stage corresponds to -
the alteration,of primary Mg calcite ooids into finely“preéerved calcite

ooids in which cortiCal‘crystallites‘@ere ﬁo:phologically unaltered.
. o= .

The second and third stages correspond to ﬁhe,;rdnsformationjof the

finely preseryed'ooidS'into coarsely preserved ooids througﬁ the

brogressive loss of organic material (a loss of the brownish

-colouration) and radial structure,, and the development of progressively
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v_p. . . A ' 'o a‘f'
E'f“i o coarser mosaics of blocky calcite. These last two stages age of
R4 .

?O

el partlcular 1mportance in that they suggest that ca@%rﬁe produce&}by’the

‘é e LN

: ‘loss of magne51um (stage 1) is-not necessarlly _protected £48m 1$t8r 0 "'-2}
‘ - . : h
diagenesis. . Zéb K '

\‘ ._ Lot .
"Whether the results of such studies of biostlc components are -

anllcable to abiotic part1c1es, such as ooids, is a matter of

contention. Nevertheless they do 1nd1cate that current concepts of Mg - -

e
—

calcite alteration should be re-evaluated and that Mg Ca1C1te has indeed .
been subjec{ted to diagenetic processes that resulted- in varyin? but
related stylzs of fabric p’rese_,r_v;tion. . ’
Y . o .

6.6 DISCUSSION

In recent years, two problems have received considerable attention: .
[ . . . . .

- . -y
the relationship between ooid précipitation and the depositional

environment, and the trend of ooid mineralogies and structures in the

rock record. T

' "6.6.1 Environmental Controls . ‘ R . ‘ ; .

' Ancient ooids were formerly considered to {have been .similar in

morphology and mineralogy to the modern tangential 00ids developing in
. ) . '

Bahamian carbonate shoals. It is now wzdely recognized that anc1ent

—— R ’ . v

001ds may have formed in a varlety of dlfferent environments that gave

. rise to a complex assemblage of cortical fabrics and mlneralogles, as

1

" are now documented for modern ooids. Due to the poor understand:.ng of.



[ : !
. - ] . . ‘ . .
the environmental parameters which influence the precipitation of modern

ooids and the uncertainty regarding the effects of diagenesis,"
* . .

difficulties arise in the use of modern ocolites as analogues for ancient

[N

deposits and the determifation of the conditions under which ancient -

ooids formed. .

There appear to be four criteria for natural ooid fdrmation'in mogdern
environments (Batﬁufst, 1975) that prbbably'appl& to ancient ooids as

well: (1) sUpersaturation with respect‘to calcium carbonate; (2) -

EAYS

évailable»nuclei; (3) sufficient agitation of grains; and (4) topdgraphy

* that retains grains in,tHe system aﬁd offers aféas of both high aﬁﬁ low
_ energy turﬁulende. The resulting’ fabrics and mineralogies are .
controlled by variatio&s'in the physical ;né/or chemical conditiéns
within the éﬂvitonmgnf of formation. As summarized in several studies
and review an;icles (é.g}; Simone, 1981; Wilkinson et al., 1984), - N
vnumefous environmental'factérs ha?ejbeen proposed with.ﬁew concluéive‘
findings beigg made: (1) séqﬁater chemistrf, in. particular Mg/Gé ratios;
(2) sea floor.topography; (3) water turbﬁleﬁce and related flow
Qeloqities_through interparticle poreés; k4) organic matter; {5)
teape{atu:é; and‘(6) at@oéphefic cqndiﬁiods, in par;icular carbon

dioxide levels. -

The facieé—specifiC'distributioﬁ of the different types 6f ooids in
thé Port au Por; Greup supporés the interprétatﬁon-thatVcortical
morpﬁblogy and mineralogy were étrong}y controlled by enQironmen£ai“
cbnditidns; The intimate gssociation of originally Mg calcige ooids aﬁd
bimineralic’ooids furthér~suggests that wideSpréad chemical conditions,

atmoépheric_énd hydrospheric, were not the ﬁrihagx fgg;qrgggpverqéng

M - " o
FOERY e .



.environmental changes appear to have 1nf1uenced only the structuze of

.and superficial Bahamian aragonite ooids - Bathurst,_1975). The perfect
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-

ooid formation. Instead the 1nfluence of phy51ca1 condltlons wlthln an

env1ronment ‘and between ad}acent env1ronments (e. g. turbulence, sea

floor topography‘and water flnx) probably preévailed. ‘Physicafjrontrols ,

P » . . N .
in turn governed: such kinetic factors.as rates of crystal growth Y

a

por051ty and permeablllty of sedlments, fluld flow velocxt1es through

Ny

© pores, and f1u1d shear at crystal growth surfaces (W11k1n50n~et al.,
" 1984; G1ven and Wllklnson. 1985). Changes in these klnetlc-factors ) ' .

‘created shor&—lived, mini~environments that permitted variable ooid

formation. Over lgrger areas, however, seawater and atmospherlc

chemistry may have been rmportant. Thé effECt of oﬂianlc mater1a1 also :

cannot be negated ‘but con51derab1e uncerta1nty remains.as to its

1mportance even in modern 001ds (Mltterer, 1968 Suess, 1970 Dav1es et

al., 1978). e ST L

Other occurrences of bimineralic ooids have been reported in the rock.:

record (e 2. Pennsylvanlan Plattsburg leestone - Kansas, M1551551pp1an
Bangor leestone - Georg1a U11k1nson et al., 1984) and in a ‘few
Holocene env1ronments (Baffln Bay, Texas, Land et al., 1979) in whlch

the importance of locel phy51ca1 condltlons on 001d morpholOgy and

‘mlneralogy has been emphas12ed. In many modern examples, however,

toa

the cortex, leaving the mlneralogy unchanged (e Be tangentlal and radial ~

aragonite ooidstof the Persian.Gulf - Loreau and Purser, -1973; normal

correlation between original mineralogy. texture and enbironment of

o formatlon, which has been 1nterpreted for ooids of the Port au- Port

Group, is absent in these modern oolds. ThlS suggests that

rn
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fac1es spec1f1c, phy51ca1 controls were of greater 1mportance in the

Cambrlan and perhaps at- other t1mes in the rock record than the\ are now

-and that more w1despread controis on 001d growth, such as organic

substences and chemical variables, prevail ;n modern env1ronments.

6.6.2 Global Eustasy Ly

3

. _ @
Studies of ooid mineralogy have formed much of: the foundation for the

. .evaluation of temporal changes'ir non-skeletal carbonate mineralogy in.
4 - . N . .

the geologic record. Sandberg (1975: 1983) and Mackenzie and Pigott

' (1981) hévefpostﬁlated a cvciical péttern of physicocheﬁical carbonnte

.prec1p1tat10n for the Phaner0201c, wh1ch in splte of the uncertainties

in the estimation of global sea levels (e g., Va11 et al 1977; Hallam:
_— » o

:

1977), shows good correlatlon wlth trende of global eustasy. Aragonitc

prec1p1tat10n domlnated during. 1nte?vals of eustatic sea level 1owstand

during eustatic sea level hxghstands, calc1te domxnated

——— e

]

Two factors have been widely proposed to relate global eubtasy to ooxd

fmlneralogy. atmospheric hydrospherlc carbon dloxlde (Macken21e and

- . Pigott,” 1981; Sandberg, 1983) and 0cean1'c Mg/Ca ‘ratios (Folk 1974a; -

Sandberg, 19753 Wllk;nson, 1979). Avallable ev1dence currently favours

. variations in carbon dioxide 1eve}s which fluctuate-dur1ng per1ods‘of

‘submergence and emergence CSandberg, 1983; Wiliinson'er at., 1985); It

has been postulated that times of low sea-level result in'lower carbon

dioxide levels ("icehouse mode"; Flscher. 1981) ahd promote aragonlte

)

" and Mg ¢ 1C1te prec1pItat10n due to: (L) reduced rates of-sea floor.

spread1 g8 and 'subduction zoné metamorphlsm' (2) 1ncreased rates of

)

yeatherlng of carbonates and 5111c1clast1o sedlments; and (3) increased
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L I

photosynthesis. Periods of‘elevated seaglevel'Prdmbte nighet catbon
dioxide levels (''greenhouse mode.; Flscher, 1981) and result 1n‘. |
predomlnantly caltlte prec1p1tat10n due to: (l) 1ncreased spreadlng and '
subductlon zone metamorphlsm rates (2) decreased rates of dep051t10n
and weatherlng of continental 5111clast1c sedlnents and (3) 1ncreased

areas of carbonate.precipitation. Lo

The interpretation of eoid andtcement‘mineréleéy-inxtneiPort ad»Pdrt
Group is in agreement with. the proposed eustasy—001d mlneralogy trend
discussed.above.’ The Mg calc1te and aragonlte components of thls Mlddle
and Upper Cambrlanvsequence formed durzng an 1ntetva1 of progre551ve |
sea-level rlse that culmlnated in the Slltr1an Devonxan (Vall et al.,
1977),. As dlsCUSsed by Jamee and Klappa (1983), ‘much of the: Cambrlan
succession could- be,1nterppeted as’the tran51t;on phase between
Ptecambtian_qptbonatesvknéw nredbminantly.dolomite)'and‘mtddle.Palepzoic'
carbonates preqipiteted.(es mainlyjcaleitef)' during high;stand | h

conditions.

-

6.7 SUMMARY

Deta11ed petrographlc and Ct study.of oolltes of the Port au Port?
Group reveals four types of. fac1es—spec1f1c 001ds wh1ch represent 5
deposition in carbonate sand snoal complexeet Badial and, _{ ' B
‘radiachonCentfic ooids in grey oolite.are interpreted to heve neen
precipitated and depdsited;in a subtidelimbbiie fringe; " Qoid size and

the nature of grain transport (suspension versus bedload transport) were
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‘probably the main factors decermining the morphologw of thebe ooids.

i

. Concentric and superficral radaal~001ds in brown oolite were -

precipitated and deposited in an intertidal sand flat. Radial ocoids -
. - . . ) ; R . . 3 . .
transported from the mobile fringe“were‘also important constituents in

the sand flat. )

S5

..

Concentric OGIdS and concentri¢ laminae in radial-concentric 001ds are

a . ’

‘interpreted ‘to have orlginally had a biminerallc comp051t10n.

Aragonitic laminae are now blocky calcite.uhereas 1aminae of:fibrous and
q}critic Mg calcite are well preseryed as calcjte. .Radial ooids and_
radial inner cortices of radial—concentric ooids, in contrast, are -
.interpreted:to,have originallytbeen Mg calcite and;to have progressively

altered to a variety of preservatiofr styles. Mg calcite coids were

altered to radial calcite during shallow burial which in turn underwent

\

further dlagene51s‘With deeper burial. This 1nterpretat10n disagrees
with current dogma regardlng calc1te and aragonite diagene51s and :

: suggests that the crlterion commonly used to- determine.original
mineralogy, ieq fabric preservation, may be misleading. The results of

) 'thlS study suggest thau re—evaluation of other 001ds in the rock record

.

is in order and that .the use of more unequ1vocal ev1dence for original

» ) o

aragonite or calcite (e.g. Sandberg; 198}) be promotedr'

A

The cog{elation between 001d mlneralogy and morphology and ‘the

interpreted env1ronment of formation in the Port au Port Group 1nd1cates

. . . -

"the importance-of local environmental conditions.on ooid formation,'

particularly phy51cal factors such as turbulence and sea - floor .
topography.Q'These local conditions are, ultimately governed by globa]'

eustasy that effects.secular changes in carbonate‘precipitation, as
. N " . t

< .
¢ .

e
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" Chapter 7

" ORIGIN OF PARTED LIMESTONES ~

7.1 INTRODUCTION

The parted 11mestones descrdbed in Chapter 3 are- 1nterpreted to be ‘the
_,dep051ts of a muddy t1da1 flat. F1e1d observatxons Lndlcate that these '
mlxed carbonate 5111c1clast1c sedlments have been var1ably affected hy
early’ 11th1f1cat10n (numerous clasts and hardgrounds) mechan1ca1
compaction (fracturlng, and compacted mudcracks and burrows) da
chemical compactlon (stylolltes) The fabrlc spe01f1c nature of many
dlagenetlc features further 1nd1cates that d1agenes1s has only modlfxed

and enhanced orlglnal sedlmentary structures of heterogeneous

‘ comp051t10n and’ texture (Table 7. 1)

-

Th1s.chapter 1ntegrates f1e1d pollshed slab petrographlc and cathode -
: lum1nescence observatlons to assess the nature ot 11th1f1cat1on and "’

. compaction in parted 11mestones} From th1s data, ‘a’ model is deJeloped

. to explain the origin of parted 11mestones on the Port au Port Pen1nsula

which has appllcatlon to parted 11mestones present elsewhere 1n the rock

record.
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TABLE. 7.1: . COMPONENTS

. P

_ LIMESTONE . .=

s

?silty mudstonie and’
bioclastic.wackestone;’
punctuated by, flat-

" pebble conglomerates

-and bioclastic -
calcarenites

nd Thickness-

=continuous “and

. discontinuous beds

¢ o
Lithologie
—_ )
) Geometry .a
Bedding St
_— Biota -

-layers of nodules of

L]

. cm=-scale : .

A\]
ructures

-ripple laminations,
‘mudcracks, gutter
casts, load structures
runzelmarken, skip,
and bounce marks,
trace fossils.

-trilobites; echinoderms

.Diagenesig

phosphatic brachiopods

=precompaction'1ithific—
ation (synsedimentary
and post-depositional)

- '~hardgrounds, minor
" surface paleokarst

-brittle deformation

"~pressure solution . -

OF PARTED LIMESTONE

ARGILLACEQUS~ DOLOSTONE

- —argillacecus dolostone
to dolomitic .shale

-

-sub-continuous thin
.beds to partitgs
drape over limestone
beds and nodules

-compacted mudcracks
and burrows
-~wavy laminations

. -minor trilobite
fragments ’

~ A
-syn- and post~ .
compaction lithification
-dolomitization and
dolomi}e cementation
-squashing of poorly
lithified sediment
-pressure solution
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7.2 PETROGRAPHY

The basic upit of parted limestone is the limestgne-argillaceous

do}ostone.or shale couplee. The'following drscussieg“is based prim;rily

R Gy .
" on type 1 partedulimegtones (limestene and argil!aceoue-dolestode: see
Chap. 3). These are volumetrica%ly more important than type 2 (limesrone
and dolostone with grey shale; ‘see Chap. 3) and'are also the most
variable in terms of composition and texrure.

7.2.1 Limestones

Limest~ne beds ana_nodules are'predominéntly’mudstonej(iecluding
wackesrone). consisting of eicrite, microspar-and pseudospar (blate 22by
Zab)._Carboeate grains include triloh;te. echinoderm and inarticulate'
brachlopod fragments, pe101ds, 1ntrac1asts and radial oo1ds (grey oolite
type). Sllt -size quartz and feldspar are ubiquitous; while glauconlte,
ferroan dolomite and laths .of mica are,mlnor;components. Horizontal
clay—rich stringers with minor siit-sizelbiociasts‘and sil}éielaéiic

* grains and ferroen'dolomite are abundant and vary from less.thah;l mm ‘to

5 mm in ;hickness,' .

Distinctive V-shaped fractures may occur at the upper and/or lower
~surfaces of limestone beds, nodules or clasts (Plate 22f; 26b).
_Fractures are vertically to steeply inclined and are oceluded by medium

to coarse crystalline; non-ferroan blocky calcite and minor ferroan and

non-ferroan dolomite. Some fractures are partialiy filled. with

K

arglllaceous dolostone that is 1dent1cal to 1nterbedded arglllaceous

dolostone beds-pr part;ngs. These fractures are best- developed in.



. limestone and argillaceous dolostone microfacies.
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‘limestone that,oveflies irregularly shaped, limestone beds and nodules.

‘Other thinner fractures filled with similar blocky calcite cut both

Two typés of mudstone are recognized: (L) "homogeneous mudstone” and
(2) "matginaily-agg;adéd mudstone". These terms have been previously .
used by Coniglic (1985) to describe similar fatiics in deep-water ribbon

and parted limestones of the Cambro-Ordovician Cow Head Group in western

_Newfouqdlénd. Both types occur in beds and nodules, but only homogeﬁeoys

-mudstone occurs in conglomerate clasts.

v

7.2.1.1 Homogeneous Mudstone

A .

Shr e ‘ o .
Compésed predominantly of ferroan or non-ferroan micrite, microspar
(10-15 pm size crystals) and rare pseudospar (50-60 pm size crystals),
these mudstones lack systematic changes in neospar fabric or

composition.-'Coarser crystals.are subhedral to anhedral and irreguiarly

' shaped with few inclusions. An intercfystalline matrix of clays(?). and

organic matter(?) . is obvidus in pseudospar mosaics and individual

‘;rystals may be isolated from their neighbours. Patches of pseudospar,

roughly circular in cross section and up to 2.5 mm in diameter, and’

pseudospar haloes around patches of ferroan dolomite are sporadically

-

scattered throughout mudstones.

. . L
Mudstone -present below surfaces interpreted to be hardgrounds, and

+

mudstone and wackestone clasts in flat-pebble conglomeqétes‘are’composed

primarily of micrite and microspar (5-10 pm).

1
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" parallel to and 1-2 mm from"thevﬁargin (see description of cathode
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7.2.1.2 Marginally-Aggraded Mudstone . X
L L . " N ' '
@ : {a ’ - - !

This type of mudstoge is composed of neospar that is pétrpgrapﬁicélly

identical to homogeneous mudstone but 1s charactérizednb} a'éréduat
coarsening of micrite to microspar (commpnly“10—15 pm size crystals)aénd
rarely‘fo pseudospar {up to 50-60 pm crystal size) toward the margins of

mudstone beds and nodules (Plate 22b-f). This aggradation is accdmpanigdv

_ by an increase in crystal spacing and in the amount of intercrystalline

v

.

-

matrix; pseudospar crystals occaSionally float in the matrix. Irom

content in the calcite tends to increase overall in the coarser mosaic, 4,

but the most ferroan neospar occurs in millimeter"nhig'bands that are
. N

luminescencg). Aggraded margins may occur at upper and lower' bed
boundaries, and concéﬁ%rié;lly around néduies.. They- are never seen in
mudstone clasts in flat—pébblé conglomeratés. Aggrédiﬁg neospar is also
well developed in bioturbated mudstone where miqfite andA;ucrospar
coarsen toward dolomitized burrows to form pseuaospar-haloes, up to ‘1.5

mm wide (Plaﬁe'22a).

7.2,2 Argillaceouslﬁolostoﬁe Partings

This miérofacies occurs interbedded with the sbove limestone beds, as
horizontal ana vertical partings, and irregular patches within the
limestone beds and nodules, and as an internodul;r "matrix" in horizons
of limestone nodules‘(Plage 22b; 23a). Two intergradational endmemBers
are recognized: (L fine'to medium crystalline, ferroan dolomite with an

intercrystalline matrix of undetermined composition (possibly clay

and/or organic material) i$ most prominantly developed in the

-
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1nte¥nodular maﬁrlx and (2) shale. W1th scatteged rhomﬁ% oﬁ ferroan

c

dolomite,"is common to argillaceous interbeds. anrtz and feldspa; silt

] s 7

: Vo . Co E "
- are abundant, commanly concencrated in laminations, but.dolostone )

‘without.silt is also present. S}lt s1ze opaques (probably pyr1te), mlC/

laths and 3laucon1te are minor components and elongate grains tend to.

- -o1q e i

.parallel bedding. Horfzontally anastomosing partinge of clay and'bthe;

1nsoluble grqﬁgp are nresent throughout. “These argillacequs dolostone
s A} -

partlngs are comp051t1onally similar to the matrix of flat pebble

conglomerates 1nterbedded with parted 11mea£ones.

7.2.3 Litholoegic Boundaries
' 1]

’

Jhe transition between limestone beds and nodules and argillaceous.

-

dolostone occurs over a distapce of millimeters. At limestone margins-,

<

~the pfoportion of negspar crystals rapidly decreases and'scattered

t . -

dolomite rhombs occur (Plate 25c); coarsening of neospar may or may not

occur. Horlzontal boundarles are either: (1) dep051tfghal or- (2)

diagenetic cdnsisting of clay- and sllt—rlch Seams or stylol1tes,with '

accumulations‘of insoluble material. Lateral trans1t10ns between . L

mudstone nodules (sedimentary, amblent and blocky varletzes) and

.1nternodular dolostone generally lack the above dlagenet;c contacts.

BN
"\

although rare microstylolite swarms are présent.

Distinct changes in bedding structures commoply'coincide‘withvthe'

lithologie chan'ges,"&ﬁ:t;iwlarly @rizontal bounda-:ji',es._' N.ot:abl"e

exceptions are limestone beds and nodules that contain dolostone, where

the limestone-dolostone transition clearly cuts across. sediméntary
structures (Plate 26a, d). . : o T . -

o™
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.: i :‘ ’ i o . 4 t e
7.2.4 Types Of .Limestone Nodules

‘« . . . . . -

\]

Five varieties of limestoneDnodules df centimeter-scalé size which

- : . N ‘ ) | L
commonly, occur in c105e vertical aSsociation. are recognized (Fig. 7.1):

-
-

(1) sedlmentary nodules (types 1 and 7) (2) mudstonebnodulés; (3).

blocky nodules. and (4) fltted nodules. Later%é varlatxons in nodule

-

character are rare on the sca@

'_ 3fof an. outcrop (hundreds of meters). and -

sedlnentary and blocky nodules are volumetrxcally the most 1mportant .
types. ' - S
h . -0 ©
L ) . 1 . .
7.2.4.1 Sedimentary Nodules (Type 1)’ .
{'Lenticular nodules in a'matrix of shale or argillaceous dolostone 2
include a va:iety_of seaimenﬁary:struptures (e.g. ripple laminatjons; _

Lo

ripple forms; gutter casts; and load structures -- Plate lc; 23a).
. , Y . . * .

" Laminations are not . traceable into.the laterally adjacént argillaceous )
’ v ’ ’ e f ’ . ¢
.matrix. . . . oo ‘ o - ' -

. e
S

7.2.4.2 Sedimdytary Nodules (Type 2) s
‘ Pk . L. ' - ., ’ . o < .

These® nodples have an obvious core conéiétiﬁg.of burrows (Plate 23d),

R

,,f mudcracks.(PiatengSé. b) or laminations of silt- and sand-size

: : Cet - . . b .
grainstone)énd siliciclastic siltstone. This type of nodule is distinct

~« from type 1 sedimenta}y nodules because laminations may be traced intb

the adjacent dolomitic matrix and correlated between adjacent limestone
nedules. Laminapions'in the nodules rarely converge at the margins even
when the nodules thin‘latérally into clay-rich stringers (Plate 25e). -

L

-
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. .Figure 7.1: (A) Summary dmgram of the types of limestone nodules in
0 the Pert &u Port Group. (B) Detailed schematic: diagram
. of type 2 sedimentary nodules (outlined by dashed lme)"
& and internodular arglllaceous dolostone.. The :
internodular dolostone has compacted mudcracks and
.- burrows, and tlnnner lammatlons wlth graln-sutured ;
v ." s contacts. .. .. _ .- o \_, : - . S
N e & . R . . )
;,v_ . . %s ) . ) " s . L .
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LIMESTONE NODULES

%
. SEDIMENTARY -. TYPE 1.

BLOCKY

"
e

\
N T

..o_a..‘ A"“..
MR NF O
__..ﬂ._.
Vl

FITTED

ry

s .

DOLOSTONE

LIMESTONE
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° , )
Grainy parted limestones of the Campbells Member of the Petit Jardin

Formation contain particularly good exampleé of type 2 sedimentary
- g,

—

nodules. Mudstone nodules contain oolitic and quarte gand-ricﬁ laminae
that are readily traced into én "internodular matrix' ‘of finely
crystalline, ferroan dolostone (Plate ééb. c). The transition betweén
laterally adjacent limestone And dolostone involves: (1; the ;apid '
transition of mudstone into dolostone across an aggréded mudstone .
margin, QCCOﬁpanied by thinning of the dolostone and warping of
underlying and gverlyiﬁg arenaceous beds and (2) oolitic ‘laminae pass

b4

o -
into dolostcne where they thin and contain ferroan dolomite, corroded

- calcareous and siliciclastic grains, sutured grain contacts and

microstylolites (Plate 25c, d).

Included in this group are amoeboid mudstone nodules that contain

highly contorted silt laminations. These nodules are present in a -

L}ﬁPmatrix of sfity, argillaceous dolostone with similarly distorted

¢

g_ lamina't_ipns . T .
7.2.4.3 Mudqtone-Nodules x . o, °
N ‘“. ) .- . . )

7.2.4,4 Blocky Nodules

E-q . “

I : R ’ . + i
These nodules are similar in shape tc®type 2 sedimentary nbdules but
lack obvious sedimentary structures. The mudstone is homogeneous  and

nodule bargins are diffuse,

LY

R

In cross section, these equidimensional to horizontaily elongate,

°}eccangu1ar-§haped_nodules contain sedimentary structures that are



. 7.2,5 Trace Egssiis S ST '.. C oy

-sligntly displaced.- -~

scattered sr11c1c1ast1c 511t and opaque gralns and rare dolo

jand Planolites; and (3) surface traces such as Monomorphlchnus. Vern1ca1

_containing microspar with minor silt, dolomite and opaque grains; they’

248

- -

1dent1cal to those in cont1nuous llmestone beds (Plate 24 a) Nodule

marg1ns commonly have micropits (l-5 mmﬁceep) which”in plan view are
seen to be'distinct'dé}onitizedfburrqws,fPlate le). Some ‘nodules grade

laterally'into continuous limestone beds that hdve been fractured and

7.2;&.5léitted Nodules
- ' v
AMi%limeter- te‘cenrrmeter—size, lensefshéued clors of limescpne.are
arranged in a closely ﬁscked'mosaic (Plate 24c; 27a). Clots are . ’
separated by thln. undulatrng arglllaceous str1ngers conta1n1£g

i1te.

~

Fltted nodu}es may grade vertlcally 1nto laterally contlnuous lrmestone
: beds with horlzontal arglllaceous seams.L Similar lateral varlatlons

.:have'not.been observed on an outcrop scale. - -

.
K

Q-

[ . . "‘ .. ot

v = E . . P )
ron '

Abundant trace f0551ls are. present in, partedgkxmestones, occurrlng
both 11mestones and arglllaceous dolostone partlngs. Three:varletles‘
‘ . W I . ~ \

"are recognlzed.(Rlchards. 198&): (1) vertlcal burrows which include

", Skolithos and Monocraterion, (2) horlzontal burrows. such as Palaeophycus. )

: e o

hurrows in arglllaceous dolostone are clearly compacted %Eose in

illmestone are undeformed (Plate 23C° 25£)

Ye ) R : o L .
Undolomitized burrows.in cross section: are circular structures.  °

i

- . . * . Loy . v
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. may be partially occluded by prismatic or bldcky calcite cements (Plate *~

10c). Occasionally present are burrows with microspar margins, ur to 0.5

' Ay

mm wide, and coree"efipseudbépar. Burrows in limestone may .be subtly

expressed, recbgnizable'inrsome cases only by slight variations in
sediment composition, such as an increase in'the amount of siliciclastic

silt or carbonate grains.

- . el

Burrows may also be completely replaced by fernoan dolomlte 1dent1cal
'to that in 1nternodu1ar arg111aceous dolostone (refer to follow1ng
section on "dolomlte ; Plate 22a) These burrows are readllx

identifiable by thelr d1st1nct1ve tan-coloured weather1ng

. 7.3 INTERPRETATION o

-~

Fleld ev1dence presented and exten91ve1y dlscussed 1n Chapter 3
1nd1cate5that the 11mestone—arg111aceous dolostohe couplet is of prlmary

depositional ofigln. Limestone beds’are interpreted to have been

‘dep051ted as rlppled fine carbonate sand hng~f}1f dur1ng 2er10ds of

'4ebb— and'flood—t1dei These beds alternate rhythmlcally w1th

-~

organic—rich- siliciclast1c and carbonate mudstone that 1s‘1nterpreted
to have origlnally been (1) mud that settled out of suspens1on durlng

~slack tide and/or (2) peloids that were dep051ted with weakening tidal

~

currents.

Parted limestones with nodular fabrics in the Port au Port Group. are

in close vertical association with those containing more contihuous

limestone beds. Te&tural~and compositiopal similarities-between
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‘linestone nodules endfbeds ind;cate‘that they-sre'genet;oally related.
There are several-posslble mecnanisms for the fornétionfof-nodules:“(l)
laterally discontinuous primary_sedrmentary structures (isoleted
rippleS' éutter casts); . (2) disruption of beddlng by synsedlmentary
process {e.g. 1oad1ng, bloturbatlon). (3) pressure solutlon (e.gr‘Logan
and Semenluk,.1976; Wanless, 1879): and (A) 1ocal l1th1flcat1on (1e

- ~ A

. doncretion‘formation) of carbonate-rich sedlment (e.g~ Conrgllg, 1985

and references cited therein)."

Based upon f1e1d ev1dence, type 1 sed;menuqry nodules, WIth thexr ;A

dlstlnct sedrmentary structures are interpreted to be the result of .

primary dep051t10nal processes, such as soft- sed1ment loadlng and

sedlment transport The abundance of burrows in this type of nadule and
in the blocky nodules suggest that b10turbat1on is respons1b1e,for: (l)
. . - - N Lo oy

the chaotic fabric in both the nodules'énd'matrix: (2)'bitted'surfaces

of blocky nodules. and (3) dlsruptlon of ‘continuous beds to form blocky
L §
‘nodules. Type 2 sedlmentary nodules whose marglns crosstut

laminations; and’mudstone and fltted nodules, whlch lack obvious
sedlmentary structures are 1nterpreted to be mostly dlagenetlc in.
origin, These secondary nodules are dlscossed An the follow1ng

sections.

7.4 DIAGENETIC FABRICS -

Parted 11mestones have . been modified by. three naJor dlagqpetlc

- i B . ..:&;,n
processes “which in the order of occurrence and importahcgfare: (1) early

Lo



+7.4.1 Limestone Lithification .

7.4.1.1 Physical Eyidence

- limestones imply that limestoné lithjiiication occurred prior .to.

_beds further suggests that limestone lithification was 6ccasionaIly' .

localized.

cv2st L .

limestone lithification- (2) mechanical compaction; and (3) chemitél—.

compaction’. Llnestone and arglllaceous dolostone exhlbit dlStlﬂCt

fabrics in respense to these pnocesses. Dolomztzzatlon, on the other‘

”

hand, is of seccndary 1mportance because it appears to be. governed .

primarily by pre—ex1st1ng dep051t10nal and early 11th1f1cat10n fabrlcs.

. e
& .
1)

. -

The occurrence of uncompacted. mudcracks and untompacted burrows in . -

_extensive mechenical compaction (ie. during shallow burial conditions)-__ -

The follow1ng observat1ons also support this interpretation but are more.

equivocal (1) lam1natlpns in 11mestone nodules do not converge at the

- .
nodule marglns; (2) grainy-sedlment lamrqatlons in llmestones have

‘'normal grain-packing fabrics; and (3) mudstone layers-are.thicker than
‘ - a /. mua YeLs $er k

laterally equivalerit argillaceous dolostone. “The dccurrence of
strqcturally rééistan;_limestone nodules (e.g.,liméstone,halpe§'

enclosing uncompatted mudcrﬁcks)'in'dtherﬁise dolpﬁitized;and_deforméd

.
« .

Additional evidence indicates.that some of this pre-compaction.:

lithification of‘liﬁes;ones occurred syndepositiénally ahd resulted ih

the'early formation of well lithified, structurally ces*s;ant beds and .
nodules on the sea-floor (refer to Chap. 5): ' "w'ﬁ:'

. .

P

-

e
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(1) Flatfpebble_syngomerates with clasts identical -in composition to

underlying and adjacent” limestone beds and nodules aré present’

throdghout parted limestoné.Iithofacieé."Argillaceous dolostone or.
- shale clasts are absent. = . ‘ S T ' .

(2) Flat-pebble conglomerates and the few calcarenites interbedded
with parted. limestone are partly cemented. by fibrous calcite cement.that
.is interpreted to be of synsedimentaty mafine origin.

. S - . R .

(3) Rare deep cracks and pits with oversteepened sides, interpreted as .

karst features, are presen) in parted limestone.’

-limestone beds. o ' : A

7.4.1.2 Components of L;mestone'Litniﬁication' ' S B e

“ : . . .
Thﬂloccurrence of coarse homogeneous mudstone and margxnally aggraded

mudstone in 11mestone beds and nodules, and the1r absence in’ T
"conglomerates andnhardground'horizons'suggest thatflimestone
‘lithification was aot completely synsedimentary.. Limestone A
. . . . ¢ R

lithification apparently continved during shallow burial and maf'have '

been in part synchronous. with 'mechanical compaction.

In 11mestone beds and nodules of the Port au Port Group. homogeneous
udstones with m1cr1te to f1ne m1crospar mosaics are compos1t10na11y
slmllar to mudstone clasts in flat pebble conglomerates .and hardground

,horizons. These homogeneous mudstones are interpreted to have been

similarly subjected to synsedimentafy lithification whiéh sufficiently



" limited only by such factors;as the pbresitf and ﬁerme‘

.availability of sultable nuc1e1

- ‘ .
reduced porosity and permeability to inhibit subsequent lithification.

-

Sediment that is now coarser microspar and pseudospar in homogerieous

. mudstones -is.interpreted to have been_only. partially affected by

synsedimentary lithification so that it was susceptible to -

post~sedimentary.(snalleu.burial) lithifitatinn.

Applylng the same ‘reasoning to marglnallv aggraded nddstones,:lt lS
suggested that the cores of beds and nodules that are now m1cr1te and
fine,microspar were lithifted early.. Struqtures snth as .burrows;
.mudcracks'ftlled witH cOarse sediment and grainstbne;dikes (e.g.“typeiZA
sed;nentary nodnies): ot mierostopic}carnonate graiﬁs nay nave.aravided‘
preferential sites{of ndcleatipn.\‘ln toncrast, coanseruhitrosnaf‘and_
pseudOSpar athbed-and nodule boundaries formed.during_shaiioe burial

lithification, hucleating on already consolidated sediment.

Mo

“eLithification progressed. in an outward .direction a‘nd'wo’av,e been
ab

ty of..
adJacent arg111aceous beds, the supply of c@dcxum carbonate and the
EJ

These mudstones ‘share many petrographlc and CL 51m11ar1t1es with:

,~mudsmnes in parted and’ rJ.bbon llmestones of the Cow Head Group

.Mudstones etamlned in thls studv, however, do- noc have abundant coarse

pseudospar (100-300 pm crystal s1ze) as is present in the Cow Head Croup

(Conigllo. 1985), and contazn abundant ev1dence ior synsedlmentar) Sea

floor 11th1f1cat10n that is not present in’ the Cow Head Group Based

upon f1eld evxdence standard and. CL petrography, and 1sotop1c deta,

' Conxglxo (1985) sxmllarly 1nterpretcd mlcrospar-and'pseudoSpar.to be

" the result of early., shal_low-burial litnification. '
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7.4.1.3 Implications for Aggrading Neomorphism
. Considerations of marginally aggraded mudstones.in parted limestones

* have importantAimpIieations for aggrading neomo}phism'in carbonates. As

- defined by Folk (1965) and exeensively discussed in Coniglio (1985),
tﬁis type of neohorphisﬁ.in§olves theArecrystallizaﬁion of small‘

. ) crystals into coarser neospar by either coalesc1ve or porphyr01d

neomorphlsm. Both processes result 1n the cann1ballzat10n and

* replacement of finer crystals. ' -

Study of mudstones in the Cow Head Group by Conlgllo (1985), however,
1nd1cates that these cannlblllzlng processes cannot be applied in
the 1nterpretat10n of all mudstones. Marginally aggraded nedspar was

" interpreted by h1m to be the’ ‘product of construct1égal aggrading
. neomorphism durlng‘shallow burial, based upon getrograp:y, CL and stahle.
isotopes. Petrographic and CL similariﬁies between Cow'Head mudstones
and'those-of the PortW¥ Port Group suggest that his intefpretegfpn of

aggrading neomorphism may be appfied to the Port au bet‘Group.
‘- : o ,

The‘folquihg observatiens} ebtained_from CL ﬁi;rostratigraphy‘ef
marginally aggrading mudstones in the Port au Port Group (Plate 22c—f),h
fn‘conjdnction with interpretétions fromhéoniglio (1985) suggest that
aggrad1ng neomorph1sm involved the narglnal prec1p1tat10n of calc1te -
into m1croporeb (1) formatlon of neospar developed progressxvely
marglnwayd; (2).growth of marglnal crystals.ocgurred by the accretion of
younger calcite prefefeetielli on the marginward side ef.crystals'fcf;

aniglio, 1985, Plate 35e); (3) smaller c;ystals in the cores-of

)
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mudstone beds and nodules are not cannibalized in the formation of:
larger marginal crystals (cf. Coniglio, 1985, Plate 35e); and (4) these
smaller crystals also occur at the margingand are nuclei for coarser

crystal growth. This interpretation of neospar formation is -not

agg;ading neomorphism, as strictly defined by Folk (1965), as there is .
‘no evidence of crystal replacement or corrosion. Neomorphism in Port au

Port mudstones resulted in synsedimentary and shallow burial. R

lithification. The abundance and close packing of carbonate nuclei in

mudstone layers probably prevVented large crystal growth because of

interference from adjacent crystals.
7.4.2 Dolomitization . o o

7.4.2.1 Petrography b

. .
Finely crystalline, ferroan dolémife is a ubiquitous component -of
A4 ' ) '

argillaceous beds and partings, burrows, interpodular matrisg and
¢ g. . “ . .

pressure solution seams. Dolomite also occurs as disseminated rhombs in
limestone beds and nodules, and in blocky calcite-filled fractures

(refer to Chap. 8; Plate 22f; 27d).r

Dolomite rhombs are characterized by turbid, inclusion-rich.cores and

’” .
. .

relatively inclﬁsion—ffee rims, and in suitably thin_thin-sections-are

observed to have :curved crystaltfacé;. Thé corepiare‘brightly

Jl;mineécent whereas the rims, usuélly ferrban, are. non-luminescent -
(Plate 22d-f). Rhombs in internodular matrix adjacent t; nodule'mafgins,

and in burrows and fractures in limestone are up to 250 pm in size and

have non-lumineBcent rims that are 50-100 pm in width. Rhombs in the



-

"compaCC1on ‘also affected dolon1tlzat10n and is dlscussed 1n the

:(2) only poorly 11th1f1ed arglllaceous sedrnents were SUSCEPtlble tc

dolomicization.. The corrosion of rhombs by cq!}se neospar in e

256 '
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central areas of interncdular matrix-and in argillaceous dolostone

partings tend to be finer crystalline (50-100 pm in size) with narrower

non-luminescent rims. In mudstones, dolomite rhombs may

poikilotopically enclose neospar crystels_or have serrated, presumably
—— N . - .

corroded, boundaries when adjacént to coarse neospar (Plate 29e)..

7.4.2:2 Interpretation

The abundance of dolomite mosaics that crosscut -primary depdsigionél

‘structures,(e.g. type 2 seaimentary;nodulés;'limestone.beds‘that}

. .'l__ ) . . .
contain irregular zone§ of dolomite) suggests that: the distribution of .

e

~dolomite was controlled in large part by diagenetic b}OCGS$E$; Early {.t' .

limestone lithification,"which dccludes mﬁch'of the original porosity in

11nes£\hes, appears to be the most 1mportanc factor. Tﬁe pauéity'of _
'Lu. h

dolomlte wlthln 11mestones relatlve to arglllaceous sed1nents 1mpllcs -

tﬁaC' (l)fdolomltlzatlon genenally succeeded 11mestone 11thgf1cat10n and

’
w
L .

¢ +

llmestones, however, 1nd1cates that some dolomltlzatlon termlnatcd prlor

- -
=

to the 1atest event of 11mestone 11th1ficat1on. Mechanlcal‘and chcnlcal_

- R '\‘B, . . N .,

following section on "burial compaction”. - LT s

-

.\‘ ) - ‘ '~4... . L
Following from the interpretation that dolomite formed prefe;cn{ially

“in poorly lithified, argiliaceous'Sediment. it is reasonable to sugéesti

$ . .
that this "dolomitizauion .may- have 1nvblved che ptec1p1tat10n of

dolomite cement into m1cropores, racher than the alteratlon of

B

calcaredus'parcicles. This is further supported‘by: (1);;he
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preservation of calcareous grains,'such as ogids and (2) the absen&e'of

recognlzable nuc1e1 in rhonbs. The extent of rhonb grouth was probably

-

limited by the reductlon in por051ty and permeabxllt) due to conpact1on .

and dolomitization.

7.4.3 qdrial'COmpaction 5' . P A A, S T

L

e . . -

<&

L 7.4.3.1 Current Understanding

A

! Variouﬁgborkers such as Shinn-et al. -(1977)' Pratt (1982), Shinn and '

Robbln (1983) have. proposed that 11nestones undergo 51gn1f1cant

mechan1cal'compactlon dur1ng burial, The recognltlon of mechanlcal

‘a : compactlon is usually based on such crlterla as ®rain breakage, graln

rotation and plaSC1C bendlng (e E Shlnn et al., 1977 Meyers, 1980,
- . . L' .
' Bathurst l980b) Also 1ncluded are telescop1ng of burrows and :

1011te llke" Ehr1ngers and-

i S mudcracks, and subtle fea£ures such as‘" ‘
';\ K ’“ LB -3 ct I‘ .
et . flattem.ng of ‘ﬂ)elo:.ds ag fenestrae. N -w LI -"' ot '3

: ) . ) - i
. . N g ).N %q& e }
OLher workers,(e g. Stockdale, 1922 Logan and Semenluk 19765 -+ |
& v

e =t Eenlesa, p‘@ 1983 Buxr,on and S1b1ey. 1981) have supported -the’ s
oo eimportante of post-lltulflcatlon dlssolutlon of l1mestones. Stylolltes

and graln contact.suturing have long been recogn1zed#as the products of

' &
pressure solutlon (Sorby, 1879) but the varlety of potemtlal dlssolutlon
40
afabrlcs has 'only recently been recognlzed Logan and Semenluk (1976)

[ ]
and Wanless (1979) have proposed that such featurns as clay—r1ch

v e ——

surfaces, dolomlte»and nodulat fabrlcs are the products of seam or

pervasive pressure solution. Many.of. these fabrics interpreted as

solution-related have also been interpreted by others as resulting from

. s .

-
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mechanical compaction (e.g. Pratt, 1982).

: . .
v . -
. -

In the Port au Port Group, obvious stylolites at Bt boundaries attest

- Y

. to the pervasiveness of pressure, solution. Field and. petrographic

distinct styles of mechanical deformation. The close association of

evidence, howeéver, indicates that sediment compactibn was the joimt

“ -

product -of mechanical deformation and pressure solution, &nd. that

mechanical compactionjdﬁé’the more imqgrtant,prdcess'(fablé 7.2).
7.4.3.2 Evidence for Mechanical Compécgioh

Limestone and argillaceous dolostone in parted limestones exhibit

- . . -

brittle deformation fabrics and "squdshed stguctures" in limestone and
. ' Y Y D - : <

arglllaceous dolostone resbectiu@ly, suggesté that, mechanical

[

v
. LN o

compactlon may have occurred synghronously in these two m1crofac1e>. ‘ .
\,» -
Slmlla:"conc1u51dns were drawn by Eoldhammer et al ’(1985) ln thexr
, » .
study of thln—bedded Cambro-Ordovician carbonates in the centraL

¢

Appalach1aﬂs- dur1ng compaction, 11th1f1ed ,grainstones deEormed brittly

.

whereas unljthified mudstone behaved ductllelyr

?

L]

LimestonESLjThese beds and nodules contain little evidence of Lo

. . 1 . .-
. .

extegsive compaction. Abundant evidence for early limestone
’ > > . . . . d

. i B ) ) ) L . . . . .
1ithificat1on, such as-the occurrence of'undlstorted mudcracks and

burrows, implies that signlflcan: compactlon of nudstones was prevented

by early. 1rth1f1cat1on (e. g. Bathurst, 1975 Stelnen. 1978 Shlnn and

Robbin, 1983). The mos® common deformatlon structures 1n limestones are: .’

(1) V-shaped fractures on upper and lower surfaces of beds, nodules and

horlzontally dlsposed clasts that are prom1ncnt1y developed over

N
.
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TABLE 7.2: EFFECTS. OF COMPACTION " .
MECHANICAL =~ ' CHEMICAL |
Limestone . -V—sha;iéd fvract':ures : —'s_tyiolite's,
in beds nodules . -grain-contact
- - and clasts sutures - .
. 3 S : "'-microgtylolite‘s )
" -microstylolite,
. swarms
~clay seams
», — ! s .
Argillacebus s - T L
Dolostone —sguashed mud.cracks , =~-microstylolites
! % d burrows El : -microstylolite
R _-fractured bioélasts .SWarms
. ~inje¢tion structures -clay seams .
” e ~draping over limestone T
surfaces - .
- l | 3 . -
C . i .
-I.. .‘b” ’ .
. ® Q . g
. P - . A :
G® ’ Co. . 5
. - K .
‘\ , 1 -
. -". ‘\. . . s . .
g " M . Al L I
— ' ’ 2” T ¢

LAY



o% .

260

irreguIAEities.in underlying limestones (Plate 26b, c).and.(Zj
fragturing of thin iimescone beds and nodulés into angular-clasts that
have not been sign;ficantly Aisplaééd (Plate éﬁs,,é). Fraéﬁﬁrgs:are.
filled wi£h argillaéeous.aolosfbhe, blocky c{lcite and‘ferroan'QOlom;té,‘
(Plate 22f; 27d): | |

-
é

Compaction fabrics in limestones are interpreted to be the products of

< N L)

‘brittle failure that resulted from the minor compression of competent

L 4
beds, nodules and clasts and from the greater compaction of. argillaceous

dolostones. ) : -

Argillaceous Dolostones. These beds and partings, in contrast to

mudstones, contain an abumdance of extensively deformed primary and .

7’

diagengiic fabrics: (lj distorted mudcracks and burrows (Elate'22c;

1

26a); (2) fractured bioclasts; (3) dolostone layefs-that are generally

thinner than late}ally equivalent limestone beds or.nbduies (Plate‘25é,

d; 26%);‘?&) probable "in}ectibn"'sgructureé in which érgillaceous

dolomitée laminations are squeezed upwards into the internodular matrix

.

‘(Plate 24b); and (S)wdréﬁing of argillaceous dolostone partings over
: S A i : :

4 . S o .
surface irregularities.in limestone nédules.

TheséAfabrits,-together.with the lack of evidence for early

lithficatian as is present in limestones,.imply that volume reduction in

argilléceous sediments was in large part the result of mechanical
S L _ .

"squashing” of responsive sediments; more resistant compone;E§3\§Uth as

calcareous and siliciclastié grains, undetrwent fracturing. - .

. -
>

Dolomite growth was in part concomitant with mechanical compaction of

argillaceous sediment.' This is suggested by the progressive decrease in
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rhomb size (and in:thelwidth'of the non—luminescent rim) away from
resistant limestone beds and nodules, és described <in the section on
:"dolom1te . Decrea51ng permeab111ty in compacting arg1llaceous sedlment
probably 1nh1b1ted the growth of large crystals. “The joint effects of

dolomitization and'mechanical compaction resulted in lithification,

‘9*'?,":‘.

7.4.33 V1dence for Cheﬁical Compadtlon

—

.

There are two types of soluticn surfaces, sutured -and non-sutured,

that occur -in both limestones and'argillaceous dolostones.

Sutured Solution Surfaces. Included in thls group are stylol1tes and

_ grain-contact utures (Wanless, 1979) Stylolltes generally have re11ef
of less than 1 mm to several‘millimetersxand concentrate insoluble

. particles'such as clays, organics, dolomite, and silt-size

siliciclasticé'and opédue particges. Horizontal stylolites are most
promlnently developed‘at boundarxes between beds and nodules of graigy
llmestone and arglllaceouq dolostone. curved vertlcal to steeply

. B inclined stylolltes are present throughout llmestone beds and nodules,

. an

commonly dissecting them into millimeter—wide blocks-that mqy be

microfaulted (Plate 25f; 26b).‘AsSociated with' some stylolites are
) " | ‘ * . N
discontinuous gashes or veins of fibrous calcite (less than one

millimeter in width) in which crystals are perpendicular to the

stylolites. Circumgranular'stylolites and,grain-sﬂtured'contacts are .

.o common in flat-pebble conglomerates and paclestones (Plate 25¢c).

1

v

-
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Non-Sutured. Solution Surfaces (Wanless, 1679). The_most common seam
-solution fabrics in parted liméstone aré micros;ylplités, miciostyloli;e
swarms([1], énd clay.seahs dp to Q.3 cm chiék. These.non—sutufed
sprféces occur wi;hin iimestbge-and argillacéous dolostone and at_'

boundaries betweén the two microfacies and contain clays, with less

abundant micaéland possible .organics(?) (Plate 22a~c; 26a, b],
Siliciclastic silts, opaque grains, and variable amounts of fine

. 3 k > | . . e
g crys;qlling, ferroan dolomite iay be present along these surfaces.

Non-sutured surfaces can be traced laterally from limestone nodules into

dolostone matrix but more frequently.these.surfacés either: (1) "feather

out" at the margin of limestone nodules and become very diffuse in the

‘matrix or ‘(2) become very thin swarms in the dolostone matrix.
Silidiclastic and carbonate particles contained in these surfaces are-
corroded and are truncated by mlcrostylolltes. Burrows and mudcracks.

howgver, tend to be re51stant structures that can either deflect or be

cut by-microgtylolite swarns and clay seams (Flate 23d; 27b)}

v - . ) v ) .
Non-sutured solution surfaces occasionally isolate centigeter-scale,

. .

lenticular nodules of limestone to form "fitted nqodules" (see previous

description of limestone nodules). No other bedding structures are

apparent in these nodular mudstones with the exceptién’of‘isolated
- laminae (20-25 pm wide and up to 1 cm long) that are horizohtaf‘to

gently inclined and composéq of -microspar that %s slightly coarser than

the -surrounding sediment. : ‘ ) .

1. Following the terminology of Wanlgss.(1979), a microstylolite is an
- undulose, clay-rich surface with relief of .tens of micrometers; a

microstylolite swarm is an anastomosing network of nlcrostylolxtes
around small mudstone clots.
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Interpretation

Sutured solution surfaces are concentrated at lithological transitions
and are w1dely accepted as belng the products of stress- 1nduced solution

in structurally resistant rock units (Sorbv, 1879; Stockdale, 1943;

Bathurst,’ 1975 ; Logan and Semenluk 1976 Wanless, 1979). Horlzontal

' stylolltes resulted from overburden pressure whereab obllque stylolx;es

are likely products of tectonic stress. The occurrence of ca}czte veins
and gashes.and the curved shape of some oBliQue éﬁylolites indicate that:
these surfaces (and non-sutured solutﬁoh seams desqriped:below) were the
loci of minor movement related to later tectonic activity‘or changes in

overburden pressure (Durqey and Ramsay, 1973).

Non-sutured. surfaces are also associated with earbpnate and,
siliciclastic dissolution, but evidence suggests that they are not
soiely the products, of pressure solytibn as proposed by Wanless (1979},

Some of the thicker seams (mierostyloﬁité{swarms and clay seams) in

-

,partlcular may have been -primary clay-rich laminations along wh1ch later
i dlssolutlon‘was concentrated (Garrlsonl::j/yénnedy, 1977; Wanless. 1979,

'1983) Similarly, the ﬁiepy‘microstylol es may. have originalli been

organic str1ngers formed by, mechanical compact1on that later initiated -.

_dissolutlon and congentration of. fnsolubles (Pratt, 1982; Shinn and"
. . b . . ' '\‘\_ . .
Robbin, 1983). ot NN o _ .

- . D




‘limestone lithification and in part concomitant with mechanical

7.4.3.4 Discussion

- Timing of Dolomite

- : N

Petrography of dolomites in limestones and argillaceous sediment
suggests that formation of much of the dolomite is subsequent to

) [N . e
compaction of argillaceou#fgediments. The role of pressure solution,

.

_however, must be considered in light of the protracted history of

dolomites in the Port au Port Group and the documentation of pressure

solution-related dolomitization in other studies (e.g. logan and -
: . gk

v

Semeniuk; 1976; Wanless, 1979). B | I

A »,

Truncated rhombs and crystal-sutured cdntacts commonly occur 'in
solution surfaces in the Port au Port Group and could readily be’

considered as evidence for dolomite growth preceding pressurc solution.

‘.

- Following arguments. presented by Wanless (1983), however, the morﬁhology

’ .

-~

of a dolomite crystal cannot be used to determine the timing of dolomite

formation relative to pressure,solution. By way of \example, truncated

dolomite rhoﬁbs could dicate thaﬁ: (Y)-p%g—exisping dolomite was -
corroded during p;essure solution Qf (2) doiomiﬁe precipitated

concomitantly with pressure s;lution and was pa}tially dissolvéd by.
continued pre;sure solution. Similarly..dolom{te rhombs that hnvo‘

solution surfaces deformed-around them could be interpreted t'o have

formed during or after pressure solution. Comparison of crystal

- L
.abundance between solution seams and zones of limestone unaffected by

-~

. :
pressure solution has also been used as’‘evidence for estimating the

?
amount of pressure:

.
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.
-

'soldtioﬁ-related doldmitization_(e.g. Wanless, 1983). Use of this

crité?ion is suspect, however, because an initial homogeneity for the

.rock must be 355umed;'which is doubtful.

Less equivo:al evidence involves comparison of the crystal size and CL
zoning. The similarity in CL zoning in rhombs in limestones and
- N ‘ N . .
solution surfaces of the Port au Port. Group, together with the following

evidence, imply.that dolomite in partéd'limes;Ones generally. precéded .

pressure solution and that Wanless' (1979) interpretatiop of -pressusre

solution-related dolomitization is not -applicable to Port au Port parted

limestones:
®

(13 Larger dolomite rhombs are associated with limestone beds and

nodyles., 'If a_pressure solution fechanism prebailed larger rhombs would

be restricted to solution surfaces and to argillaceous sediment which .-

contains more solution surfaces than laterally .ad jacent limestone.

’

(2) In limestone, dolomite rhombs commonly occur in fractures in
! °

. association with blocky calcite which is identical to intergranular -

k9

-cements in calcarenites and calcirudites interbedded with parted

stylolites.

Additional Evidence for Origin of Nodules

As previously discussed,-limestone nddules in Port ad;Pgrt parted 2
-~ . .‘. . .
limestones are interpreted to be the prodiucts of primary sedimentary

processes and/or early lithification. There is'no equivocal evidence to . -

. indicate that they are solution remnants of origfnally coﬁginugus heds I

" . ) ) ) « A v ]‘J
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(Wanless' [1979] hon-sutured seam solution mechanism), as suggpested by:
: L Bge y

(1) Well preserved-bedding plane structures such as trace fossiIs."b
runzelmarken,'and-todl”marks are abundant. -If pressure solution had
been the sole brocess;forming'the nodules, these feétures wbuld ﬁot~havq

" been preserved.

-{2) Coarsening of neospar'occurS‘towafd the margins of limestone
nodules, If.theseé nodules were proéuc;s of pressure'solhtion, marginal

‘crystals would have been preferentially dissolved rather than exhibiting

.
v

» evidence for precipitation away from the center of the nodule.

-~ -
-

(3) Solution.seams and accumulations of insoluble material are rare in

the transition zone between -nodules and laterally adjacent internodular -

matrix (Plate 22b). In some cases, non-sutured surfaces. in limestone

nodules "feather out" at the nodule margin and do not pass into the
ad jacent argillaceous dolostone. "

(4) Laminations in nodules.rarely converge .at nodule margins. If

pervasive pressure solution had been qctive; donvergent laminations

S

would accompany marginal thinning of nodules. Where convergent

laminations are present at nodule margins, they are generally

accompanied: by marginally aggraded mudstone. This suggesté that,
lithification was in part concomitant with compaction of adjacent
-argillaceous sediment, fathe:'chan'indicating pressure solution

”
., . ’

.
effectqr-

Occasional occurrences of solution surfaces atiithe transition zone

.

. : . - -
between limestones and laterally equivalent argillaceous dolostones as
AL . . o . o

~ : . N o . . g '.'
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-
well as within limestones and-dolostones indicate that pressure solution
. .

did 6ccur. This is well demonstrated in sedimentary npdhlés‘(type 2)

where oolitic laminae that pass into dolostone. from laterally adjacent

limesgpne exhibit thimrning; particle corrosion, sutured grain contacts

and abundant microstylolites (Plate 25c):

t‘

7.5 .DISCUSSION AND SUMMARY

ard

- 7.5.1 Diagenetic_SequenCe

»,_Ffpm the above description of the lithification and compaction of .
parted limestones, the following is the in;éfpreted sequence of

»

diagenesis:

(D Synsedihentary lithification of sediment on the sea floor ‘under
submarine and/or strandline conditions forming well lithified sediments
‘that were susceptible to reworking to form pebble conglomerates and

.hardgrounds.

f2) Minor soft-sediment deformation of uplith;fiéd.or poorly‘rithifieh

sediment,'particﬁlarly peloids, under minimal oberburden;pressure.

- ‘ . ‘ -
: 5. T ! . '
(3) Shallow burial lithification of mudston;‘ﬁgigi to extensive
mechanical compaction, which in conjunction with synsedimentafy
lithification, formed ﬁgsistaht limestone.

(4) Mechanical deformation during burial.resulting.in significant

. . * o .
compaction of responsive argillaceous sediments and brittle deformation
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‘of mudstone. °

- -
- . Y

A(S)EFo:mation of ferroan dolomite, in part contemporaneous with =
éegﬁanical compactioﬁ, bi:‘(a) pfeéipitgtion infpborlg lichrfiéd.
argillaceous ‘sediment; (b) précipitation'in %rqctdreg in.brittly..g“
deformed mudsﬁones;.ahd (¢) nminor. dolomitization of_liméstohe beas and

.'noaules.

_ (6) Some marginal éggraqqtion of mydstones after formation of ferroan
dolomite, resulting in corrosion of dolomite rhombs.

N .

(7) Pressure éolu;ionAHith.;nEreasipg burial depths which was. -
infiﬁenqed by boxh_prihary and'éarliér.diagenebic fabfics,'and-modified'
and enhanced these same- fabrics. ‘ o

. T,
b ’ - +

:‘7.5.2.Diagené£id Overprint ﬁodel'
Severa¥‘diageﬁetic'models ﬁavé been.pfébqsed:té éxpléiq rhytﬁmicélly.
beddea'sediments. The first,iypg.in§olégs oriéinaliy hdﬁoéenepus =
sédiment that has'underééne‘ei;her;.(15 ;eaimént uﬁmixiﬁéiiﬁ whicﬁ,
_cafbonate‘is nedistribu;ed*into.discfete béds‘qr nodules (Sujkbwski{'m
i958; Hallam, 19@&)'0; (2) pervésiJe or hon-seam prgésﬁre ébldfign that
results in fhinning of units,‘nodular fabrics and dolomitization
(Wanless, 1979). I; the second tyée of model, diagenétic ptscesseé Haye
modified‘primary‘sediments.th;t'either contain original gedimentary
structures (e.g. Shihn and Robbin, 1983; Coniglib} 1985) or are'
homogeneous with onl& porosic; and peém;abiiity va;iationg (Eiqsele;

1982; Eder, -1982). ) _ ' -
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Evidence, 'such asl;he éreserﬁatidn of delicate bedding. plane
structures (detailed ‘in Chapté: 3). for tﬁe primary deﬁositional control
of chiﬂ bedding in Port au.Porc paréed linestones eliminates the
possibililty of a purely‘diagenetic model. The abundance of early and

late diagenetie fabrics, however, suggests that a model involving
_ . .

diagenetic overprinting of primary sedimentary fabrics is most

,applicable.

This model consists:of the following four componenﬁs which are

. 1nterpn§§ed 59 gavern the fﬁbrlc preserved in parted 11mestone 1n the

. Port au Port Grou

(Flg 7.2)% (1) dep051t10n of rhythm;cqlly

interbedded carbonate-rich and cléy-richﬂsediment'by periodic tidal-

ompaction,lithificatidn of carbonéte-rich beds t6

. processes; (2) pr
form llmestone. (3) mechan1ca1 cdmpactlon of clay -rich sed1ment and (b) 
pressure solut1on.. Thls is a 51mpl1fled model as 1c deals. only with the

calcite system and does not consmder more complex-m1neraioglcal

‘transfornatlons such as- aragon1te-to—calc1te,}Mg calc1te to—ca1c1ce, or.

——

pervasive dolon1tlzat1an.

-~

Muddy tidal flat sediments are depogited by tidai'processeé which-konm
tfo comp051t10nally distinct types of séd1ment (detalls are given in
Chap. 3). Carbonate-rlch sediment (dep051ted by t1dal currents) 1s
interbedded with clay—rlch sediment (dgpo§1ted during periods of slack‘
tide). Episodic storm deposition of coarse calcarenites and'flatlpebbie )
conglomera£es punctuate the tidal sequence, Variabi}ity.in .
environmenéal éonditions 9uriﬁg sediment dEpQSition ré;ult in a diverse ’
assemblage of sedimentary structures, such as.mudcracks, burfqys and

gutter casts which impart additional textural variability to parted

A3
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Fiéure 7.2:
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wim

Dlagenet1c sequence for two parted 11mestones in the

-Port au Port Group, which 1nvolyes.
rhythmically interbedded carbonate—rlch and clay-rich

(1) deposition of

sediment by periodic t¥ processeg; (2) precompaction
lithification of the carbonate-rich beds to limestone
(dashed lines): (3) brittle deforhation of limestone- .

'(stippled area is marginally aggraded .mudstone), and

squashing and cementation_ by dolomlte of clay-rich"

sediment; -and (A) pressure solutlon.
in text. .

p]

~Details are prOV1ded






cdmposed of coarse microspar and”pseudospar.
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limestones. - o .o

» - .

These primary heterogeneltles with thelr therent variations in

<

porosity, permeablllty and organic content prov1de the tenplate for
3 )

diagenetic alterations. Precompactlon 11th1f1cat10n, whlch commencgs

.

wlth synsed1mentary cementatlon on the seafloor is concentrdted in

.
. . . . 4

carbonate sands and silts due ;o-their higher porosity‘and permeability

. ~

and the abundance of suitable carbonate nuclei; the dég:ée of sediment -

=

.heterogeneity governs whether lithification is pervasive or'loéulized.

c, » .
This early lithification results in mudstones with micrite and Elne

.microspar mosaics, most of wh;ch,res;st subsequent alteratxon.

‘Portions of these carbonate-rich layers, in.particular their margins,
. ‘ - Pl -

continue to lithify during.léter‘diagenesis. Sediment and earlier

cements become the -focal points for continued.growth of neospar by
. . o . 1y .
providing nucleation sites for calcite ﬁreqipitation. “The limiting

factors are the availability of a calcite source(s), and sufficient

. hY .
porosity and permeability. Much of the micgoporosity is'occluded prior

2
>

to compactlon but Some _neospar growth contlnues subsequent ta mechanlcal

'
.t

deformation. The resu1c1ng mudstone is structurally resistant and is

$

. v . - . ’ . - s
. x Sy S )
Precompaction cement&clon l1tt1e affects clay-rlch sedlmenn (now -
. .

arglllaceous dolostone beds and partlngs) With progressive bur1al
4 .

these very fine grained sed;ments re lithified by mechanical c0m actlon
. 8 & y mp

~

and prec1p1tat10n of dolomlte into a porous argrllaceous network oL
Previously lithified limestones only unﬂergo minor brittle deformation.

as a result of mechanical compaction..- ‘ : ;

"4

5"

L‘

-~

1
’
f

-

\/
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+

> .

Although these clay-rich sediments are not altered by extensive_garly

. [

lithification, they mav.contribute to lithification of the above

mudstones by providing a possible source of Ca and bicarbonate ions.’

Aerobic oxidation of organic matter mav dissolve and remobilize

carbonates.in argillaceous sediments which are then reprecipitated into
~ . . : ’

carbonate-rich beds (Sass and Kolodny, 1972). A similar méﬁhanism of .

calcite redistribution has been proposed by Coniglio (1985) to ekplain

. the generation of parted and ribbon limestones in slobe deposits of the

Cow Head Group. Other possible sources for the ions incliude coanate

water, clay and feldspar alterations, and dewatering of deeper sediments

(Irwin, 1980). : - T . : i

!

- ! -
N R |
{

ALl of»the.ab?ve processes elicit responses in limestones and/ .

[

" argillaceous dolostones that further emphasize the bipartite nature of.

Co

" parted-limestane. Pressure solution, which is the latest. stage

L . ] ‘ o
considered in this model, is also governed by primary and earlier

-

diagenetic structures. Apart.-from accentuating, masking or gbliterating
older features, such as hardgrounds and ‘bedding- contacts, n 'deiLiohal'

' fabrics are intergrétgd'to result from pressure ‘solution.

e .

"7:5.3.Consiéerati0n of Original Mineralogy and Grain Size

cw v . . V4 . . . .
& . o

-,_.Based Upbﬁ petydgréphy and CL, it is not possible to uzbquiJocal;r

" interpret the orjginal composition of mudstones in the Port au Port

v
-

GrQUp;~PetrogfhphiCali§ similar mudstonés-in.ofﬁgf studies, however,

have béen ihté}prétéd by various workers (e.g. Raiswelll,” 1971; Coniglio,

4.1§85) to have an original calcite minera}ogy which suggests. mudstones of

‘the Port au.Port Groﬁp.méy have had-a similar m;neralugy."

’



¢

hd ”

-

The above discussion of parted lizestone diagenesisz;ps been simplified

by considering only a calcite systen. In light of the uncertainty(

. ‘ » ; _
regarding original mudstone mineralogy, the possibility of arag

”-
onite and .

. - +

Mg calcite. components requires that the alteration of ‘these metastable

-

minerals be considered in the mud to mudstone tramnsformation: (1) - -

- d v

wholesale aragonite dissolution under metgoric conditions fJames and"

Choquette, .1984) which would pfbvide additional sources of dissolvéﬂ
calcium carbonate for shélfow burial lithificatjon and (2) alteration of
’ B - . - - . -~

. v

Mg calcite to calcite with preservation of microscopic textures (James

§

-and Choqﬁetce;.1984)..The calcitization of aragonite éomponents during

/

" shallow burtal is not considered impontant'Q§ there is no evidence of

calcitized ,particles. . - ’ .

! -
' ' 3

v

In addition, the fine grain size of parted limestone components- . .
presents difficulties in differentiating the effects of svnsedimentary

submarine lithification from strandline.litﬁificdtion: Physical

‘evidence indicates that mudstones were intermittently exposed to

.,

. subaerial conditions (e.g. mudcracks) and were subjected tbd .submarine

"ekpoéure (g.g.'efodea hardgrodnds. giauconi;b) in a tidaL;flaE setting:

~This suggests that synsedimentary limestonevli;hificaﬁion occurred in

_both marine and strandlineé environments but provides no evidence for the

.

relative importance of the different processes. - S : '

Parted Limestones

7.5.4 Implications for chgr

’ . 4

| . v, . ".' '~ L
Parted or ribbon limestones ‘(herein to be termed parted limestone) in . = -
other ancient shallqw-marine sequences (e.g. Aitken, 1966, 1978: .



_ Winess..I979; De;icco, 1983) are virtually identical in characte; to
those of tﬁe Port au Port Group, and many.have been sinilarly -
intefpreted tb be tidal flat deposits. Similar types of rhythm}caliy
bedded rocks are aiéo common in deeper water seqqenceé, such as slope
deposi;s.(é.g. Cook_aﬁd Tayior. 1977; Coniglio, 1983) and intrashelf _,.
basiné (e.g. Aitken, 1978; ‘Markello and Read, 1951). Many of these
deep-water parted limestones are macréscopiéally identical to tidal flat -
sedimen;s‘and a;e differentiable from the shallow-water deposits on the-
basis of paleogeographic considérations; stratigraphic pesition; the
abSEncé of subaerial'exposufé features; and some sedimeniary éestures

_such as Bouma sequences. Comparison of petrographic characteristics of

Port au Port parted limestones with those of the Cow Head Grdup from

.

S - : ‘£ -
Coniglio (1985) reveals fabrics common to both (e.g. marginally aggraded ™

mudstones).

The'strikiné pHysicallénd petrographic similgrities between these -
shallow and deep wateér ‘parted limestones éuggegés that sdme basic
phenomeqa are common to barted limestones and govern the nature of thefr
diageneéis; It is‘pqstulated that the'primary.;ﬁythmic bedging of
liméstoﬁé'and afgillaceaus sediment and early limestone l;thification
are the denominators linking thesé diéferent parted limestones.
Interbedaéd carbonaté-rich and carbonéte-poo: bedding ﬁay resuitvfrom a
~ variety of deposiﬁionél processes:.(i) alternating periods of ebb&ng and
. flobdiﬁg tides.and slack. water -in tidal flats (e.g. tﬁiélstudy; Demicco,
- 1983); (2) carbénate turbidite deposition,altefﬁating wi;h terrigenous
,Hem{pelégité$ iﬁ's1ope depésits (é:é. Coniglio, 1985); and (3) storm
generat?d deposition in the deep ramp éf iﬁtrashelf‘basihs (e;g,., |

-
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; Chapter 8

DOLOMITIZATION

8.1 INTRODUCTION

Dolomitization of limestone is an importantbaspect of diagenesis in
the Port au Port Group. It‘is controlled stratigraphiqally and
litho}ogicaliy, and forﬁs a spectrum of features ranging’ from.
pervasively dolomiﬁized:units, such as the Felix Member and the Berry _
Heaé Formation, to fabric-specific dolomites in limestone intervals.

These dolomites .are divided on the basis of their CL properties into

three types -— red CL, dull CL and zoned dolomites -- that occur

individually. or togethér rhroughout‘the sequence. This simple division

belies the variable nature and occurrence of the dolomites, which span

synsedimentaxy, early and late diagenesis. This chapter ihtegrates

-

field and petrographic data from these dolomites, some of which were /‘

discussed in previous chapters. Co-existing limestone and dolomite also

enable a determipation of the timing of dolomitization relative to
limestone diagenesis.,

1 *
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8.2 TYPES OF DOLOMITE

-

8.2.1 Red CL Dolomite

This ‘type is coﬁposed predominantly of clear to inclusion-rich,

~aphanocrystalline to very finely crystalline rhombs (10-15 pm size).

They are ferroan or non-ferroan and have Mright to moderate red
) LI
luminescence. Coarser crystals may have thin outer zones with dull

<

luminescence. .

- -

Red CL dolomite is specific to interbedded dololaminites and

-dolomitized brown oolite. Sedimentary fabrics are well prééerved in

outcrop and hand specimen, and are identical to those in equivalent

undolomitized rocks (see Chapter-3; Plate 21d): Microfabrics, are also

well preserved. "Micritic cement and matrix, and grains (specifically
ooids, echinoderm fragments, and volitic and mudstone intvaclasts) in,

undolomitized calcarenites and calcirudites may also be pértia}ly or -

completely repléced by aphanocrystaliine dolomite (Blatel30a).

8.2.2 Zoned Dolomite

This type includes‘pervqsively dolomitized intervals and is composed
of.hypidiotopic,moséicé of finely to medium'crystalline dolomite (30-~250
pm size). Rhombs have cloudy cores with briéht red luminescence and

inclusion-poor rims with zoned moderate and dull luminescence (Plate

30a-e). Intercrystalline areas are filled with bright-luminescent
. . 2

R



ferroan blocky calecite, a matrix & clays and (?) organic material
(herein referred to as "argillaceous matrix"), or remain open as
intercrystalline porosity. Preservation of original: fabrics is

generally poor, but vague grain outlines may be recognized due to -

inclusions in rhombs or by slight variations in crystal size (Plate 30b,
d). Vuggy porosity in zoned dolomite may be occluded by

bright-luminescent blocky calcite.

8.2.3 Dull CL. Dolomite

This dolomite occurs in hypidiotopic mosaics of.finely to coarsely
crystalline rhombs (50-500 pm size) which exhibit sharp to undulose
extinction. Crystals have slightly curved faces and are commonly zoned
with small, inclusion-rich coreé}of bright orange luminescence and
clear, ferroan rims of dull to nonluminescence; They are closely packed-

or float in an argillaceous, commonly pyritic matrix.
\ .

Dull CL dolomite is generally fabric-specific but does not preserve
original fabrics, and occurs in: (1) argillaceous dolostone partings and

internodular matrix in parted limestones; (2) burrows; (3) grains, such

~—
PR

as ooids, -micritic intraclasts, bioclasts and oncoids, where the
-

dolomite replaces'grains or occludes grain molds, and voids developed

from grain deformation (refer to Chaptef 6): (4) ihtergranular areas of

calcarenites and flat-pebble conglomerates; (5) fenestral porosity in
carbonate laminites; and (6) fractures'thgﬁ crosscut grains, neospar and

earlier cements (Plates 22f; 29d). The last four occurrences are

commonly associated with _dull- and moderate-luminescent, ferroan blocky

. calcite and occasionally with bright-luminescent calcite. Dolomite



.

rhombs in contact with the first type of calciterhave well-developed or .

serrated crystal faces and, when present in fractures, are - first-stage
cement. Rhombs adjacent to bright-luminescent calcite always have

serrated faces (réfer to the following section on dedolomites).
. » .

Fractures, vugs and breccia clasts in pervasively dolomitized rocks’

are commonly lined with very coarsely crvstalline dull CL dolomite,

followed by bright-luminescent, ‘very coarsély crystalline blacky talcite

.
.

(Plate 30f). This variety is less abundant than the fiher cr}stailine

»
3
[4

dolomites and is characterized by rhombs with prominently curved crystal
faces and undulose extinction: Crystals have  inner, non-ferroan’zones

of alternating inclusion-rich and clear dolomite‘and an outer, ferroan’
. . . ¢

hd
.

rim that is commonly dedolomitized. This dolomite is commonly termed

v

"baroque” or "sgddle" dolomite (e.g. Mattes and Mount jov, 1980; Radke
and Mathis, 1980). .

8.2.3.1 Argillaceouerolostone Partings andngurrows‘

As described in Chapter 7, finely to medium crystalline dolomite is a

pervasive component of burrows (Plate 22a) and the argillaceous
dolostone microfacies in‘parted.iimestdne (qute 22q>f).-Tﬁé iargest.

dolomite rhombs with wide non-luminéscent rims ogcur in: (1)

.

: argillaceous dolostone adjacent to limestone beds and nodules (Plate

22b, e) and (2) burrows and fractures in limestone beds and nodules

st

S (Plate 22 d, £).  Dolomitized, burrows are either completely dolqmitizeg

.or have variably dolomitized walls and cores-of neospar or blocky'
] -y ‘l' - .

B . / ‘.
calcite cement. They are generally closely associated with

i <

-f
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r .

undolomitized burrows, and are uncompacted in limestfone beds and

»
’

nodules.

b

’8.2.3.2 Grains -

Partially or completely dolohitized grains are composed of: (1) a

single dolomite crystal, up to 0.8 mm size, in ooids (Plate 11d) or (2) -
a cluster of rhombs (Plate 28a, b). These grains commonly occur in
close association with undolomitized grains. Dolomite tends to be

contained within grain boundaries, obliterating much of the internal

—

'microfabr;c. Grains replaced by a mosaic of rhombs are most.cgrimon and® _.

these rhombs may be present throughout the grain or méy be concentrated

at the core, near the margin or within micritic areas of the grain.

AY
t

Dull CL dolomite commonly replates ovid cortices in'greonolite but it
is rare in brown oolite. In grey oolite, dolomitized coids tend to -be.

concentrated in laminations which alternate with laminations of
calcareous ooids. Dolomite occurs in finely and coprsely preserved
. . . . - - LA

varieties of grey oolite (refer to Chapter 6) but some rhombs' in
coarsely preserved 0oids have irregular contacts with later blocky . *

calcite. Tri{obite‘and echinodern pértfcles,:and cement-filled molds
) . . . ) M A: ) -'--'ﬂ. ) . ' T
forming nuclei for ooids and encoids aré gepfrally undolomitized (Plate
“ M - i . . r
4 .

28b). h

ar -

.
.

In some calcarenites, echinoderm fragments and "their-syntaxial calcite

" overgrowths appear td be the loci of some unusual dolomitization

pattefns.‘ Dull CL dolomite completely or partially replaced these,
» ! - Q '

'compdnents and is syntaxial with calcite relicts. If occurs in twp
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d

S

modes: -

(1) When aphanocrystalliné, red CL dolomite is present at grain
margins, dull CL dolomite wariably replaces syntaxial overgrowths, some
of the adjacent matrix and any unﬁéﬁéﬁitized echinoderm cores remaining
after aphanocrystalline dolomitization; Original fabrics are generally

well preserved (Plate 30a).

(2) Individual sand-size, calcareous echinoderm plates with thin
calcite overgrowths and minor micritic matfix are completely or
partially enclosed by a rhombic "band" of ferroan dolomite that is

.syntaxial with the echinoderm nucleus (Plate 28c, d).

8.2.3.3 Intergranular Dolomite

Ddll CL dolomite occurs as intergranﬁ;ar cement invcaléarenites.
precipi;ating aftef sucﬁ synsedimentary cements ags isopachous micriﬁic
calcite (refer to ChapterVS;Aplaté 29¢). It aléb replaces.cementé and
micri;ic:matfix and impinges upon (ie. partially:tepla;edj‘adjaceﬁt
graiﬁs. particularly siliq;cia§tic-énd micritic grains (Piate-Zga,'b)L‘;
Where dolomite crosécuts.grain-matrik_50undariés; éréiﬁ outlines are;
presefved_as relict iﬁcluéicns withinhrhombéi -Miﬁdr'&uggy and |
- . A AR ses <
ihter;ryStqlline porosity may occur with this variety of dolomite,

’

- B - . v

8.3 DISTRIBUTION OF DOLOMITES

‘Occurrences of red and dull CL dolomites are present ihrqughout~thev
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predominantly limestone units of the March Point Formation, and the Cape
Ann, Big Cove, Campbells aﬁd Man O' War Members, but zoned dolomite is
generally absent (Table 8.1). Red CL dolomite in interbedded dolomitized
brown oolite and dololaminite is most prominent in the basal one;tﬁzrd
of the Campbells and Felix Members, where grey colite is rarely
developed. Dull CL dolomite, in contrast, is widely distributed,
occurring in al% 1ithofacies throughout the sequence. Fabric-specific
occurrences (ie. in argillaceous dplostoqe in parted limes%gnes. -

burrows, grains, and as intergranular cements) however, tend to be best

devefaped,or preserved in the limestone units.
[ )

ALi thgﬁF tyﬁes of aolomité occur together‘in pervasively dolomitized
incervals.of,the'Fglix Membe% and Berry Head Formation. In outcrop, a
raﬁge of sedimentary strﬁétﬁres are variably prése;ved.:ﬁo that'pftméry
-' lithofacies are stilliidentifiable. Petrography reveals two types of

pervasive dQloétones. The first iype occhrs most cdmmon}y.in :
‘dolomitized brown toljte and'bioclaétic calcarenites, and is composed
of> (1) red CL doloﬁige which pfeferentiaily féﬁléces.gréins. preserving

original fabrics and (2) an intergranular, zoned or dull-CL dolomite”
° . : ’ . :
with no fabric prgsefvation.(?late 30a). Dull CL dolomite also occludes

intercrystalline pores and dissolutibq.vugs'in'the zoned dolomite. The
second'typellacks red CL dolomite' and is composed only of zoned doldﬁite~"

with occurrences of dull CL dolomite, as in the first type of dolostone

. (Plate 30b-e). Saddle'dolomipe‘is most ‘abundamt. in ;He'dqiomitized Felix
-Member and Berr}”Head Formation in,associaﬁion with both types of ,

pervasive dolostone.

Reconnaissance of other Po%; au Port sequences along the- Great

-

»
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TABLE 8.1: DISTRIBUTION OF DOLOMITES:

, s - " CL Types . .
. L ' )
RED ZONED DULL
' (Finely (Saddle
. to coarsely dolomite
- . crystalline variety)

variety) .
STRATIGRAPHIC ~* i

Berry Head Fa. XX XXX "X ©oxx

Man 0' War Mbr;{ .- X , O xxx

Felix Mbr. XX Xxx . xC . XX

Big Cove Mbr. X - - XXX

Campbells ﬁéf. . XX :‘ SR '  XX o X
" Cape Ann Mbr.,l o X ‘_.J ‘ XXX

March EointlFm.' . X T , XXX

LITHOLOGIC -

Facies-specific XXX . R - -
(Carbonate laminite . '
and brown''polite)

Fabric—speci}ic xXx o ‘ - XXX '
Non-fabrfc specific - - - XXX N 33
(XXX J'mpst‘aﬁundadt - : '2_ CoL S
X —_{east abundant) . . . o
—_ 4
!
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Northern Peninsula (refer to Chapter 2) suggests that type 2 pervdsive

s

dolostone is also the dominant lithology in the Petit Jardin Formation

in western Newfoundland. The restricted occurTence of this type of

dolostone on the Port-auy Port. Peninsula appears to be exceptional.

8.4 DEDOLOMITE - o

Blocky calcite has variably replaced all.of the previously described,
dolomites, but it is most prominent in (ferroan) dull CL doiomitg (Plate

28a; 29e 30f) Rhombs may be partially or completely dedolomitized[l]

wlth ca1c1te occurring in irregular patches throughout the c¢rystals, at

¢

rhomb margins, rhomb cores, or in ferroan zones.

"'CL reveals two zones of dedolomitiza.innm i rhombs. (1) an initial

’

stage of bright yel}ow—luminesceﬁt caicite which preferentially occurs
at rhomb margins and (2) allater stage of moderate ta bright

orangée-luminescent calcite which otcurs within the outer half of -
" rkombs. The first type of calcite also oqcludeﬁ.ﬁicropores ad jacent to
. - ' \ =

l rhomb margins. Both calcite tvpes have CL identical to that of the last

%

Ledeﬁt stage, whiéh partiel1y~occludes vuggy, intergranular and
7

/Jlntercrystalllne por051ty 1n 11mestone and dolostone, and fills :

fractures that crosscut all 11thologles.

— e e e b e e e

The term, "dedolomltlzat1on is used to refer to the diagenetic

replacement of dolomite by calcite (after Morlot, 1947; in Bates and
Jackson. 1980).



8.5 INTERPRETATION

*

The variety of dolomite and dolpstone in the Port au Port Group and

~

their variable stratigraphic occurrences indicate a comp1ex.hist9ry of

,
‘dolomitization. Three stages are recognizable: syngenetic, early

..“ -lq o . ’
diagenetic and late diagenetic dolomitjzation. . . ..

AN

8.5.1 Syngenetic Stage . . . o

A synsedimentary origin for .the red CL dolomites in Port au Port -

", dololaminites, interpreted to be supratidal deposits ¢Chapter 3), is.

] coLlecEively'sﬁggested by: (1) their facies-specific occurrence; (2)

T .

wgll—éreserved sedimentary structyres: (3) aphaho- to vefy finely .

crystalline fabric; and (4) the abundanc€ of dololaminite int;acfésts in

e , . . . .
' overlying undolomitized sediment. The fabric of these syngenetic
] . : . .

", dolomites (Friedman and.Sarders, 1967) is analogous to
! .. . . ‘ |
penecontemporaneously, dolomitized sediment in modern intertidal and

'supratidal carbonate "environments, such as the Bahamian tidal flats

4

(Shinn and Giﬁgpurg,“196&;‘Bathurst. 1975) and Persian Gulf sabkhas
.(Illiné etﬁél.. 1265; Bathnrst,'f975)t Red CL dolomites were Fela@ively

unqgfecked by subsequent do;oﬁttiiation; only mino;‘zoned and dull CL

dplomite overgrowéhs are developed in very finely crystalline rhombs.

——

. “ . . .
. - Red CL dolomite, which replaced carbonate grains in intertidal brown

volites and some bioclastic calcarenites that are closely associated .-
T . .

- with dololaminites, is also interpreted to be of synsedimeatary origif.-

4
|

:'6 .



: .and'Land}f1975: Kastner, 1984), favour dolomide pwecipitation. e

“

8.5.2 Early Didgenetic Stage .

‘This is based upon petrographic similarities (poﬁnts !'tn.}‘ previpysily

,dgscrihed) and igentical CL to dololanmtnites. These dolou-tf1q1 ' N

« |

calcarenites are tioselg asspciated with dgﬂw&qdinttes.
- : . - [} - e .4 .

. . * ) M 'A T, : "o C e ‘

it i N . . ‘ ) 3 i: L. ¢

: R N . P : . . .
The absence of evidence for quporlteSJln both lithofacies supgests

- . .-

4
| ¢ ’

o

that seepage reflux1on and evaporatxxe pumping (sunmdrx7ed 1n Worrnu

.

1982b Land 1985) are pnllkgl\ doLnn1t17at10n mech&n1<mb for ﬁ\ngvﬁclll
i !
'dolomites. A more fea51b1e process may 1nv01\e the Lnteract1un ot o

'narlne and meteor1c wqters in t1dal cnv1ronments (n:xcd uater nudol -

, [

~Land, 1973; Hargarltz et al., }980 Morrow, 198+b) This mcthlnlsu

X A . I
involves the near—surface.,mlxed martne-meteornc zone XJames and

.
~

Choquetté, 1983) in yhich,high-bicarbonate_Coniunt¢ntinhs in meteonriec o
waters and a supply of Hg ions from seawater QMorrow. 19824), in

R .
[

“

\. .

\ I S .

The relationship of finely'to'cbaréelf cryskdiﬂine; dQl] CL ddlnmifos
s A R

‘ie. excludlng saddle dolon1te) w1th d1agenet1c lxmeatone tabrlcs

o

« .

. conjunction with reduced predipitation rates duerto 1okssndlnities (Foalk

1nd1cates that the t1me of dOIOMLtlzat1on is bracketed by precompuntinn,

- " . L]

Ilmestone llthlflcatlon and the latest stage |

blocky calcite prec1p1tat1on.* Th1s LS suggested by the folIOW1ng

'

of brlght 1un1ncs<on!

L] . N .
- - . Lot
. e . .

evidence: |
(1) Data provided by parted llmestoneq (see Fhagter 7) suggest tht

L4

iolomltes in burrows, 1nqernoduiar matrlx-and argllluceous nuLostonc '

part1ngs formed after the llthlflcatlon of wudstone componentq and Wi

- p v L} . .
in, part synchronous with- mechanmcal comwattlon. “Rhombs with serrutui
/.. . . : ‘ i .-

. s ; -

'

1.
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boundarieé, presumably corroded hyfadjacent'néospar,:imply that

dolomitization.breceded the last stages of mudstone lithification.

(2) Serrated contacts between rhombs- and blocky'calcite in coaraely
preserved oqids sugngt prec1p1tat10n of - dull CL dolomlte occurred in

part, prlor to the coarse alteration of oo1ds (refer to Chapter 6)

\-

.(3).The common aesociation of'dull CL dolomite'and-dulleluminescent'
blocky calcite'cementeiin fractures.and‘interéranularevoidavsuggests -
‘that precipitation of,these cementéabas closely asaociatédu In eome-
fractures, dolomlte 1s the flrst cement stage indicating thaé it
predated blocky calc1te. o N

—

* The timing of zoned dolomite is more, problematical‘because'the

dolomlte occurs’ only in perva51ve1y dolomltlzed unlts. The formatlon of
zoned dolonlte however, was earlier than dutl CL dolomlte and later

than red CL dolomite, as EVldenced by:: (1) dull CL dolomite occluding

";intercryStalline and dissolution voids in zoned dolomite and (2) the

bright-lumine;cent cores ‘of zoned (and dull CL) dolomite rhombs,that are .

_identical in CL and size to red CL dolomite, suggesting that the latter

provided nuclei for zoned and dull. CL dolomitization.

- Field and petrographxc observatlons support only 1ncomp1ete and often

"equ1voca1 1nterpretat1ons of zoned and Huli CL dolomites. .Comgllcatlons'

B

. arlse from such factors as'the varlable occurrence "of the dolomites and -

AthEIT overprlntlng of 11mestone dlagenetlc fabrics and earller

dolomites. - In light of:these uncertalntles, evaluatlon of the p0551ble

mechanisms of-dolomitization (includ1ng saddle dolomiteiddscussed below)‘;

1

is not feasible. Several'interpretations'have béen'propoaed for such
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types of dolomite -in other‘studies,'but are difficult to assess oue'to
the lack of modern anaiogues (QOrrow 1982b; Land 1980). They include:
.tl) n1xed—water\nodel s 51mllar to that described for red CL dolomite
~ but occurrlng'ln a deep aquifer (e.g., Hanshaw et al., 1971: Sears and
;Lucia,‘1§80§; (2) buriai compection modei — Mg—rrch waters, derived
ﬁrom compeCting.fine—groined seoimengs,'cause.doiomitizat;on durine
"~ourial'(e.g. Mattes and.Mountjoy; 1980); and (3) dolomitization-reluted
- to sulphate reductlon resulting from bacterial oxxdatlon or organ1Cs

(e g. Baker and kastner. 1981; ConlglloJ 1985)

it
2

Ny
_8.5.31Late DiageneriCZStage'

The saddle dolomite varlety of dull CL dolomlte generally lines’
Eractures and vugs thae crosscut ali 11mestone and dolomxtxzed
11thqﬁac1es and thus is- 1nterpreted to. be of late'dxagenetlc origin
(eplgenetlc dolomlte'of Fr1edman and Sanders, 1967) Its occurrence as a

: cement r1mm1ng_brecc1a claSts. in whlch.stylolltes are truncarbd,by :

-clast boundaries also.indicate that it precipitated subsequent to

pressure solutlon. Saddle dolomite is followed by bright—lum}nescent

blocky calc1te cement which is similar to calc¢ites replacing all
varieties of dolomite, suggesting that formation of saddle dolomite
.occurred’brior to.dedoloﬁitization'(discussed‘beloy)ﬁ
o Saddlé_dblomite has also been documented in other studies (e.g., -

Beales and Hardy, 1980” MattesVand Mountjoyj 1980-"Radke and Mathis;‘-

1980) Numerous mechanlsms for the formatlon of this late stagé dolomlte

- have been proposed (llsted above) but there has generally been 11ttle .

agreement amongst var1ous workers (Morrow 1982b). Rcstrlctxon of saddle



however.'suggests'that the dolomite may be related torsuch

:horizons within the sequeoce or lateJStage surficial weathering.

290

‘dolomite in the Port au Port Group to late-stage frdctures and breccias,

ﬁraoture-pélated processes. as mixing of near-surface fluids with deep.

"~ burial brines along fractures (cf. Mattes and Mount joy, 1980).

N v ! . . [

“.Calcitization of dolomites has -often been interpreted to be the

-product of near—sgrface'diagenesis, related to subagerial expoéure

(rev1ewed in Budai et al., 1984). Port au Port Group dedolonltes.
houever, are lnterpreted to have formed durlng late diagenesis ‘and are
not related to the syasedimentary paleokarst sorfaces ih the segoence.

as suggested by:. (15 the occurrence of dedolomite inall dolomite types;

_,(2) simllar CL propertles in dedolomltes and the last: stage of blockv

¢ 4 - -

ca1c1te cement; End (3) the stratlgraphlcally w1despread dlstrlbutlon of -

dedolomites.u

4

Petrographlc similarities WLth dedolomltes in the St. George Group :

(Hayw1ck 1985) suggest that those in the Port au Port. Group may have

orlglnated durlng Lower Mississippian karst1f1cat10n of up11fted

.Cambro—Ordov1c1an strata on. the Port qu Port Penlnsula (Dlx 1981).

Vat1ous workers have recognized the 1mportance of associated evaporites

and dedolomite in ancient carbonates and have proposed that

—

dedolooitizatioo is oriven by calcium euiphate-saturated so}utiohs.
der1ved from the d1ssolutlon of gypsum (e 8. Luc1a. 1961 Back'et'al.,:.
1983) This may be app11cable to the Port au Port Group, where
downward-percolatlng Mlss1ss1pp1an/post-M1551ss1pplan groundwaters may
have 1nf;1t;ated and dissolved evapor1tea in the M1ssiss1pp1an Codroy

Group (Dix, 1981). The floﬁds thus reached éatoration‘witﬁ’regards.to '
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calecium sulphate and effected dedolomitization in the‘St. George and

Port.au Port Groups. Faults and fractures developed in Cambro-Ordovician

strata during (7)Tacon1c and/or Acadian Orogenles (late Early to ﬂ1dd1e
Ordovician and Late Devonlan respectxvely) were probable condults for
fluid flow; fractures occluded by bright-luminescent blocky calcite are

 commonly associated with dedolomites. . - ' -

»

8.6 DISCUSSION -

In the éolt~au:Port'Cfoup,.thelformécion of red-CL-dolomiteé.is -
.1nterpreted to be controlled by the 1ntert1dal and supratldal
,dep051t10nal env1ronments.. In contraSt the later dolomlzes are -
non fac1es spec1f1c- variably’ occurrlng in allillthofac1es dull CL

‘.dolomlce 15 stratlgraphlcally wldespread but fabrlc spec1f1c ‘and zoneg
.dolomltes are spracigraphlcally restricted and:non—fabric.speciflc‘
These obeervatidne,epggeec'that a diqéeoe;ic-proce553 common.cg all. f‘l
lichofecies_in the eeqoenoe}fconcrolleo later dolomiclzatioo:

Syneeqlmentary ;nd neéc;surface 1itbificétio?.is the‘moet feéslble
_possibilityl; The productslof this selectlve, eérly'llthi{lcétlon (e.g.
iocergréoulac cements;'mudstoﬁe llthificdtions Ere of'volumetric
1mpoctance in all 11mestone 11thofac1es and resulted in occlusion of
‘much orlginal pore space (see Chapters 5 and 7) The dgﬁtrlbutlon of
early thhlflcatlon products appears to- have restr1cted the occurrence

of later dolomxtes to more porous sedlments and secondary voids (cf

Hardie et al., 1982).



The role of early lithification is apparent in ‘the March Point
Formation, Cape Ann, Campbells and Man.Q' War Cove Membérs but there is
. no unequivocal evidencé for its impartance in the- pervasively.

dolomitized Felix Membet and .Berry Head Formation. Restriction of zoned

dolomite, interpreted to predate dull CL dolomite and most blocky

calcite cements, to these latter units, however,.suggests that thef,wereu

1nconp1ete1y 11th1f1ed or coutalned fractures that rendered then
susceptible to dolomltlzatlon. This stage is not well developed in the

other units due to pervasive early limestone‘litﬁification, which

"renders. strata impermeablé. Subsequent developmeni of fractures, formed.

during the (?)Taconic and/or Acadian Orogenies, exposed-much' of the '
‘sequence to dull CL dolomitization. Earlier Iimestone lithification and
zoned dolomitization, 5owe§er, restricted this later dolomite to

specificaily replacing gratns, argillacecus sediments, and occluding

remaining qriginal porosity and secondary fracture and 'vuggy 'porosity.

8.7 SUMMARY - . I : - p

R

The spectrum of dolomltes in the Port au Port Group represents a

protracted hlstory of dolomltlzatlon. The three CL types of dolomlte
'have variable stratigraphlc and lithologlc,dastrlbuthns.land occur
1nd1v1dually in 11mestone 1ntervals and together in perva51vely

_dolomitlzed 1ntervals. The syngenetlc dolomlte, red CL type, is

spec1fic to lnterbedded dololamlnlte and dolomltlzed brown oollte and

.

“has excellent;fabnic presetVatidn. The”mtxeﬂ"méfine-meteoric waters in

the‘suﬁratidal-inteftidal zone may have promoted the facies-specific

PN
g
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Chapter 9

SYNTHESIS: DIAGENETIC SEQUENCE, ISOTOPE GEOCHEMISTRY,

AND IMPLICATIONS FOR A DEPOSITIONAL-DIAGENETIC MODEL

—_—

9.1 INTRODUCTION

-

It is readlly apparent from previous chapters that the-Port au Port

L
-

Group is characterlzed by a wide spectrum qf dep051t10nal and d1agenet1c:

featureg. reflept1ng the variable env1ronmental conditions thr0ugh which

4
’

C .

these sediments have passed. Peritidal'Sed;ment deposition took place
under flictuating submefine and strandline subaerial conditions and was
controlled by local environmental changes which gave~rise to
meter-scale, oolite-laminite and parted liuestone—shale assembiages .
Superlmposed on these‘local processes were changes in relatlve sea level
whlch resulted in the formatlon of Grand Cycles (and: p0551b1y

~meter-scale assemblages) These prlmary dep051t10nal controls in turn’

. . affected ‘the nature of synsedlmentary and early meteoric diagenesis. ‘

' ield and petrographlc data 1nd1cate‘the 1mportance of early

’ 11th1f1catlon and its roie in controll1ng later dlagene51s. The purpose
of this chapter is to: (1) synthesxze the' prev1ously dlscussed carbona&ev
-gaagenetlc-1n;erpretat1ons into an'overall diagenetic model; (2)

evaluate the carbon and oxygen isotopic geochemistry of the limestones

R
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in light of field and petrographic evidence; and (3) to coﬁpare ¢
L .. .

depositional models with the interpreted diageﬁetic sequence to

. determine a predictive depositidnal-diagenetic model.

N

- : . o .o
, .

“t

9.2 SEQUENCE OF DIAGENESIS 2

] .
" - LI . Rl
- -
- . - ¢ -
.y - N " [Q

~Port au Port.carbonates have a protracted diagenetic history in which
u P o ) LR : -

) two endmembers are rteadily recognizable: an initial stage of,
> ~ . -

® - - -

synsedimentary diageﬁesis and the late stages of deép bucial and »
® - v = - :

« . * " . . .‘ .
tectonically-related diagenesis. Figure 9.1Agumma:izes.the‘interprq}ed'

L diagenetic 'sequence, details of which are provided -in. Chapters 5'through
) v = . \, - AR * - AU . ‘. ’ . - .

8; ' N - h N , - . ! o b4 N Y ) r v
kY : [} ? o -, ' ' - '

T . )

Syhsédimentary diagenesis is character®zed by facies-ipeodfic - *

.
s v

. .. ‘ - Q 3 K} . .
lithifiehti?n ihd erosion which occurred Jn‘fhallow subtidal, intertidal
A . - . - - . - '\ .

¢ ML

. o

and supratidal settingé.' Evidence of-this eatly,'stage is pfeserved_in

‘;-. . «.“ .;. \ . . " C. ° . )
nearly all Lithofacies and includes: (1) interparticle cementation of

a - : " ¢ “ e
shallow subtidal and inte;tidalvcalcafehites and calcirudttes; (2)

,localizéd mudstone lichification in parted limestanéﬁ;.(3) -
dolomitization (red CL type) of supretidal carbonate lamirite$ and
. . X ’ ' e.

h e

intertidal brown oolite; and (4) peritidal erosion surfaces such as
: . .. <> . . . .

- © T .
"hardgrounds" and "surface paleokarst” in grey‘oolite and parted =~

- © [

limestone, and carbonete laminites respectively. _Conglomerate clasts

derived from these Lithified sediments are also ubiquitous products of

. - o fe * e

*  synsedimentary diagenesis. =~ .-
O .

° C o N
The last two stages recognized in the diagenetic sequence inyolve

.
,
N . . o -

i
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processes that ére non-facies specific but may be fabrifyspecific. The "
deep burial.stage‘(mgsdgenetic_stage of Choquettejand ?fay, 1970) - |
inclndes.mechanical compaction; fracturing;féementation_Ey, '
dullvlumidesceﬁt blocky caicite} dglomitization-(zoned;énﬂ du11 CL.
types): an&.pervasive'preséure solution. The tectoniﬁally;t91éced_or
telogenetic.étage (Choquette and Pray, 1970} inéludes f;acturing:
precipigatiOn of bright-lu&inescent,blocky célcite; and
dedolominization.' fhis stage is unrelated to the earlier ;tages.\

Features of this last stage crosscut allla@ove‘fabrics and»pr&bably

forped as a result of Acadian (Late Devoniaﬁ) uplift and faulting;

~

S, ‘ ,
»~ Carboniferous, karstification of the Cambro-Ordovician sequence on the
. ’ S~ . : N - .

Port au Port Peninsula; and alteration of Carboniferous carbonates and

~~—evaporites.

In addition to the readily interpreted early and late diagenétic

T - g : . T
end-members, several fabric-specific processes have been recognized thag -

are interpreted to have occu;red between the end—membér stages: (1)
dissdiutibnlof metastable'sedimgﬁts (aragonite and Mg calcite)to form
f65511 molds;.(Z) mingraiogical t;ahsformations (Mg calcite and
arégoni;e‘;o calcite); (3) post—synsedihentqu mudstone lithification in
parted Iihesfones; and (4)_precipitation of prismatic clear calcite

1

cements (distal stage). Their intermediate position in the sequence of

diagenesis is compatible with a shallowlburial meteoric. interpretation;
there is no conclusive evidence, haqwever, for either vadose or shallow
. phreatic meteoric diagenesis. The. lack of unequivocal-meteoric fabrics. ..

suggests that this intermediate stage either is difficult to recognize

due to such factors as obefprinting by late diagenesis or was poorly
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de%eloped;,if at all, due to such factors as insufficient periods of
*sgbaerial exposure; the predominance of calcitic components: and the
‘pervasiveness of synsedimentary lithification and dolomitization.

A

9.3 CALCITE STABLE ISOTOPE GEOCHEMISTRY

~ - )
In recent years, carbon and oxygen stable isotope geochemistry has

pegn used extensively in studies of cérbonaté diagenesis (e.g. Bathurst,
1975; Hudson, 1977; Anderson and Arth;r, 1983). Isotopic data may
supplement the assessment of paleoenvironments and provide infdrmation )
‘regarding such parameters as paieotempérature and the chemistry of,
‘pore-waters (e.g. Anderson and Arthﬁr, 1§83). As documented By numerous
workers, limestones subjécted to proéres;ive.burial diagenesis exhibit a -
trend toward lighfer 5% values with burial, wHiFh ishaccompanied by
littlé‘variation or:aas%ight decrease in §5c, as a result‘of'increasing
temperature and/or infiltration by meteoric water (summarized in James
and. Choquette, 1983). anreasing'evidence, however, suggests that: (1)
some ancient marine precipitates remain isotepically diséiﬁct from
meteoric and deep burial products and (2) vadose;.and phreatic-meteoric
and mixed marine-meteoric zones may be differentiated on the basgé éf
isotopes (e.g., Allan and’M;tthews. 1982; James and Choquefte, 1983,

1984, and references cited therein).

In this study, carbon and oxygen isotope geochemistry is used to
* further assess the interpreted diagenetic sequence, previously

determined on the basis of field and petrographic evidence. Isotopic

o
.
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analyses of 35 limestone samples :{(cements, ooids and mudstones) were

carried out by Teledyne Isotopes (New Jersey) using standard
. ' ) “ ' t .

procedures. Sample descriptions and -procedures,.ang a complete - . .. .

- 0 ’ . ﬁ

L. N : F
tabulation of isotope,data are provided. in Appendix D. Values are.

“r

_expressed jn 8¢ and 8% in‘parrs-peflmil (o/00) relative to the PDB ..

standard. ) . .. . -

-» : ¢
°

+9.3.1 Summary of Analyses )

] ' - . ‘ \

- e : B
Three types of components:were extracted and analyzed (1) finely and

coarsely preserved radial 001ds, (2) calcite cements 1nc1ud1ng (a)

prismitic ca1c1te in conglomerate and occludlng burrows in mudstone. (b)

flbrous calc1te from bichermal and blostromal limestones; and (c) blocky

© calcite from conglomerates. fractures and f05511 molds; and (3)

. calcite.. Isotopic values for all samples cluster in a narrow zone

.

'homogeneous neospar in conglomerate clasts, underlylng parted limestone -

parggroundg, and margfnally aggraded neaospar in parted.limestone. -
” . i " - . . . R Lo ‘
Whole—rock'analgsés include grey oolite with fibrous and isopachous

micritic calcite cements,'and brown oolite with meniscus. micritic

between §C of -0 6 and -2. 4 o/oo and & O of -7.3 and —10 4 o/oo (F}gs.‘..:'

9.2 to 9. 4; Appendix D) Several notable values and grouplngs, however.

are apparent: -

“~

(1) The heaviest 8% occurs ip flnely preserved 001ds (-7.6 o/oo.'"A" e

in Fig. 9,3). parted limestone hardgrounds (-7.3 o/oo, "H" in Fig. 9. 4),

and the center of a mudstone bed_( 7.5 o/oo, "I" in Fig. 9. 4)

L » .
+(2) Bnb and GmO values for all calc1te cements, yIth the exceptlon of

. : . . ’. - "
* ' o .
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" prismatic calcite, show considerable overlap ("C"-"F" in Fig, 9.2).

. s s ) : P
. Prismatic calcite has the heaviest ° C of -0.6 o/co. -

. - . - .
(3) Finély and coarsely preserved radial ocoids have 0 ¢lustered

-around -8.4 0/00 but sho@ a two-fold division of 3°C in which finely

preserved ooids (average §3C of -2.1 o/oo; "A" in Fig. 9.3) are lighter.
than cpérsely preserved ones (average :°C of -1.1 o/oo; "B" in Fig.

9.3). -

(4) Two sérial samples of the core and margins of mudstone nodules and

beds that éogréen'marginally'have‘épc of ?illlto‘-l.i and 520 of =7.5 ta

-8.2 (1" iq.Fig.:§:4):-TheSe differénces do not appear to be

0

. :'signifiéant. .This;coﬁtrésts,witb toniglio‘(l985), who demonstrated.

n

v

obvious isotopic differences from the center to the margin of some
marginally ‘coarséning mudstone beds. - :

9:3.2:1n£erpretation )

>

- o

9.3.2.1 §%0 and the Middle and Upper Cambrian Marine
Ci{rbonéte'Sighaturé'~ S

All-analyzed samples.are severely depketed”idﬁ) relative to modern
sediments, a ﬁh9nomén0niﬁhich'has been documented in other'sthdies~of

Phahérozbic‘limésﬁOQéS'(éig; Veizer and -Hoefs, 1976).. Although higher.

ocean water temperatures in the past and post-depositional exchange with

isotopically lighter-fluids (e.g. meteoric yaférs) have béen used to,
zexplain these highly negétive‘vaiues,*grawingjévidence indicatés‘;hat

these values.may in part be explained by -secular variations in thé

- -
-



| 1983 James and Choquette, 1983) These systematic variations lend
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3

'1sotop1c conp051t10n of sea water (sumnarlzed in Anderson and Arthur,

further support to the Valldlt} of 1sotop1c “marine 51gnatures in

‘anc1ent l;nestones (Choquette, 1968 James and Choquette 1983). lhe

heaV1est6 O values usually occur 1n the best preser»ed components and

thus are probably closest’ to an unmod1fledo 0 (e. g G1»en and Lohmann,

1985) Based upon the heav1est values fron well—preserved Port au Port S
'samples_(Middle CambrianAhardgroundlof ;7.3 o/oo;.Upper Cambrian,radial

: ‘ ) L . . .
ooids of —7 6 o/o00), a §°0 value of approximatelv -7 5 o/oo is an

) estimate of the typical marine oxygen 1sotop1c 51gnature for inorganic

v

western Newfoundland - Conlgllo. 1985) l' S -

'(é.g;, -4.8 o/00 in the Lower Cambrlan.,western Newfoundland - James -

prec1p1tat10n~1n the Middle and Upper Cambrlan (Flg 9. 2) ThlS 1is

compat1ble w1th other 6 % estlmates from other Lower Pa1e0201c sequences -
. e '

and Klappa, 1983; -8.0 o/d0”in the Lower Ordobitian,'QeSternA

'.tNeufoundland"—— Haywick‘ 1985; -5. 3 in Lower and Middle. Ordov1cLan,

<

’ From f1e1d and petrographlc observat1ons a spectrum of. early and late

d1agenet1c features has been recognlzed in Port au Port llmestones.

- Tw

Yet. surprlslngly, no oXygen 1sotop1c trend accompanles progre551ve

; caloite_occurred~duriﬁg deep burigl diagenesis (tf.-Allan and Matthews,

w

- burial dlagene515 §®%0’ values tend to cluster tlghtly betheen —8 0 and

-9.5 o/00.* Assumlng that the heav1est values (L7 3 to ~7.6" o/oo) are

closest to the orlglnal §°0 of Cambrlan 1norgan1c precxpltates. the

) sllghtly llghter 6 0 of most of the ooids, mudstones. and synsed1mentar)

and burial tementS'may be ‘due to severalﬁcausesép(l) initial
. \ . . . - - ’ ’ .
transformation of aragonite and Mg calcite sediment and early cements to

» B . . . R N . R -



1982); (2) sediments and early cements alter‘d'in.a ;hallow—bﬁtial
meteoric setting, aﬁdvthe meteor?c calcite Eéments acquiréd an&.rétgiﬁe&
mefeoric 580 values that are‘similar to SmO,of deep-bdrial éaI&i;e
‘Cements (e. g.. rock dominated system. Mevers and’ Lohmann, 1983

_ Czernlakowskl et al., 1984), and (3L.re equlllbratlon at" hlgher
temperatures and/or with. lighter § 0 pore flulds at’ bur1a1 depthq {e.g.,
_\Hudson. 1977, Dickson and Coleman,_lQBO)L |

“The ffrsglpqﬁsibility is rejec&éd in iiéht qf.previOUSiy discuséed

- peffagfgphic'and CL évidénce thgt sdggests that:initiaL alteréfioﬂ of

ooids and éynsedimehtary cements; ‘'some mudstone lithification; and

prismatic calcite cementation are possible shallow-burial. meteoric

: : S _ Lo
events. . The latter two’ possibilities are more feasible; avai}able
information, however, does not enable a'thoice.to_bg made between  these

two alternatives.

g9.'.3‘.é._2'é"°c'_‘, .
" The 60C-of'Porf:au Port Iimestongé is Similar to that ;h'Hoiocehe énd‘
‘anc1ent shallow marlne sedlments (Velzer and Hoefs‘ 1976 Hudson; 1977
James. and Choquette. 1983), Veizer and ‘Hoefs (1976) reported whole rockﬂ
G C vaIues Eor Cambrlan llmestones of =3 to +l1 o/oo. The narrow raﬁge.

j of values (-0 6 to.—2 4 o/oo) in the Port au. Port Group suggeststhat
»exther. (l) soil gas (e g. Allan and Manthews, 1982) and bacterlal -
ox1dati§ﬁ of organ1cs were not 1mportant sources of carbon (e 8. Irwxé"
et al., 1977) -- in the lower Paleozoit, the fole, ;f.any; of soils is
ﬁnresolved (hdw?Qef, seé Beeunas aﬁd_Kdéutﬁ, 1985) or (2)'diaggneéis

occurred in a rock-dominated system in which carbon is.from remobilized -
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marine bicarbonate (e.g.; Czerniakowski et al, 1984, Given and Lohmann,

1985; Meyers and Lohmann, 1985). ‘

-

' . 1> .
Two groupings, however, are apparent in the cluster of ¥ C values.

_The first .grouping invélves'ooids in which fineiy préserved ooids are
more BC-depleteﬂ'than-cogrsely preserveQHPnes by an avérage of .
approximately luq/ooi Botﬁ'types'of ooids are interpretéh on’'the basis

:'qf'betpogrqpﬁy to havevoriginafed from the séme ﬁg célcitb'precursors.

and)tbe_clpstering of'SDC éndJSeQ for each.tYpe of ooid further suggests

alté:ation ﬁnaer slightly different pore-water coﬁﬁifions.. The

explanation'for'greater é’c of coarséiy preserved ooids ovep'finely .

ipre;;;ved 001ds 1s not stralghtforward The differences may reflect.

1nherent dlfferences in the precurSOr 001ds and/or vagaatlons in carbon

'content in pore—water. o : ' .

The ;econd grouping 1nc1udes two analyses of prismatic calcite whlch
.exhlblt the heaviest 6 C values in this study;: thelr'éwo’values are
variable,"Based on petrographic evidence, whicﬁ suggestS'theuo calcites
" are shallow=burial meteoric and. p0351b1y mixed naflne phreat1c c;ments
~with'an é;lglnal calcite m1neralogy, thelr relatlvely heavy 6 C nay be.
,expla1ned by ezther. (1) prec1pitat10n of this.cement after dlssolutlon
) or alteratlon of metastable'sedxments and cements which may %ave |
contrlbuted marine .carbon 1sotopes to pore—waters (cf. chkson and

Coleman, 1980) or. (2) the influence of marine waters in the mixed

mar1ne~meteor1c‘zone. . : :



S

9.3.3 Summary

Interpretation of carbon and oxygen isotopic analyseS-of Port au Port

limeStones is inconclusive. These isotopic vaLueS'do.not independently .

!

1llustrate the spectrum of, earl) o late dlagenetlc fabrlcs 1nterpreted
on the b351s of field and petrographlc ev1dence.' Values cluster between

d C of-~0 6 and ~Z & o0/oo’ and s 0 of —7 3 and -10 4 o/oo and there are

L2
T

né obv1ous trends with progress1ve bur1a1 dlagene51s. - . S e

The heaviest & O values (approwlnately 7.5 o/oo) prov1de the closest

estlmate for the orLglnal marine 51gnature of 1norgan1c precrpltates in

-Hlddle-and Late Cambrian times. Most other é O values are only sllghtly

.

11ghter than thls estlmate and the naxrow range of § 0 in early and late'

' dlagenetlc talcltes may be ascrlbed to factors such’ as re- equ111bratxon
at depth The narrow range of 6! C in Port au Port calc1te¢~1s 51m11ar

to that ‘in. nodern and other ancient marine carbonates and suggests that .

organic sources of carbon were not 1mportant

9 & EARLY LITHIFICATION IMPLICATIONS FOR A o

DEPOSITIONAL*DIAGEVETIC MODEL ‘:. : .

.

-

Prev1ous chapters have demonstrated that the dlagenet1c pathway
followed by carbonate sedlments of the Port auw Port Group is strongly
controlled by the dep031t10nal env1ronment and sedlment comp031t10n.

Con51defing the- cycllcal nature of the sequence, 1t w0u1d be log1cal to

expect a consxstJnt dlagenetlc pattern from wh1ch a pred1ct1ve
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.depositional—diagenetic'hodel could be constructed. A’'similar-approach

has_been used by Heckel (1983) on Pennsylyanian cyclothems in

.

Midcontinent North America. He demonstrated that: (1) basal,

a

transgressive facies have a limited variety of diagenetic fabrics,
suggesting that most diagenesis occurred under deep burial conditions

.and (2) upper, regressive facies exhibit a greater variety of features

interpreted to indicate diagenesis in the marine phreatic¢ and meteoric

.
N

zones as well as under deep burial conditions.

Facies sequences in the Port au Port Group (described in thap. 4)

reveal no consistent diagenetic patterns. For meter-scale,

oolite-laminite assemblages, this is not surprising in light of the \

.unpredictable nature of these assemblages, postulated to be the result
of fapidly migrating, peritidal environments. Parted limestone-shale
cycles are meter-scale, shallowing-upward sequences which also do not
- exhibit any stratigraphic diagenetic patterns. Similar to
; g | | '
oolite-laminite assemblages, they contain a variety of diagenetic

features which are interpreted to be products of synsedimentary

peritidal lithification; dolomitization.and erosion; and later meteoric

to burial diagenesis. Grand Cycles, composed of the above meter-scale

[
1

-assemblages, do not exhibit any systematic, large-scale variations in

~diagenetic features. R , -

The widespread, perigidal conditions .under which Port au Port N

sediments- were deposited and modified appear to be the key factor behind"

.

the absence of small- and large-scale diégenetic patterns.
‘ Synsédimentary lithification prevailed in nearly all carbonate
lithofacies, under widely fluctueting submarine and strandline subaerial

.
.
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conditions. This process, along with shallow-burial lithification b}

prismatic clear calcite, forméd the diagenetic framework for later
compaction, deép—burial cementation, and dolomitization. This early
lithification has been the recurring "diagenscic theme” thronghout this
study. Products of deepgr burial.are wfdgéﬁread, afteciing all
'lithofadies, bﬁt are of.§econdary immortance in determining ;ée final -
appearance of the rocks. In summary, unlike Heckel's (1983)'mode1. the
depositional;diaggnetic model for the Purt au Port carbpnates is
characterizea“tn';he variability a;q facies- and fabric-specific nature
of early ;ithification and dolomitjization, and the dif%use'overprint of

later burial diagenesis. . The absence of pervasive diagenetic patterns
; - . P 4 '

. throughoyt the sequence further emphasizes the importance of early

peritidal lithification and the interplay of submarine and strandline

subaerial conditions in early Paleoczoic shallow marine settings.

-
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Chapter 10 T r

.' CONCLUSIONS

The Middle and Upper Cambrian Port au.bort Group.in western
. "

Newfoundland is a sequence of carbonates and siliciclastics deposited on =

an outer pertidal platform on the south-facing margin of-the Iapetus
Ocean. These rocks display a spectrum of depdsitional and diagenetic
structures that reflects their shallow-water origin and protracted

diagenetic history.

10.1 STRATIGRAPHY

The Por£ au Port Group™is brovisionalf@idivideq ihto,thfee'formationg
which in ascending order are: (1) the March Rpintf?g;mgtion (late Middle
Cambrian age) composed.pfedomihantly éf.thinly ir.terbedded mudstones,
ddlostones‘and shales; ké) the Petit Jardin Furmation'(laﬁe Middle.to
Late Cambrian agé): a complex sequence uf‘thick;bedded ogid grainstones‘
?nd laminated dolostones interbedded with thin—ﬁedded5muqstones,' L

dolostones, and shhles;fahd (3) the Bﬁrry~Head Formation (?latest Late

Cambrian age). composed of dolomitized grainstones and stromatolites, and

laminated dolostones. In the type area of the Port au Port Peninsula,

.the Petit Jardin Formation is further divisible into-five members, in
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k]

v ascénding ordér: the Cape Ann, Campbells, Big Qove,:Felix, and Man Q'

FrOm 11tholog1c correlaclons betheen she typc area and other

Vewfoundland outcrops to the north the March ‘Point and Berr\ Head

; Formatlons have relatlvely unlform llthologles and are read11v )

-

o recognlzad in all areas The Petlt Jard1n Formatlon, in contrast, is

Crecognized: 1 .-t R

. -
- .

. llthologlcalby mgre verlable and forms v southwest~northeast Lrendlng‘

CLe

'fac1es belts an easterly carbonate belt 1nc1ud1ng Whlte Bay and Coose

Arm outcrope and a westerly, mlxed carbonate and 5111c1clastlc belt

K S . LIS .
1nclud1ng the Port au Port Penlnsula. Bonne Bay. Cenada Bay nnd SL" o
Barbe qutcrops. t- . . S R T -t
(10,2 SEDIMENTOLOGY .- * -~ = = 5 T

s : L e
v B ~

Based,on~Portvan-PortvPeninSula outérops, six lithofaciés aré

g 4
.

v ’ . ) Cole .". o o ’ \

Parted leestones. Parted llmestones, composed of thlnly Lnterbedded

. -

i mudstone ‘and arglllaceous dolostone/grey shale, are 1nterpreted to be.

-

muddy t1dal flat deposxts. They are tex:urally 51m11ar to ‘some modern

. 51lic1clast1c tldal flat sedlments and are un11ke modern carbqndte tlddl

dep051ts. leestones were dep051ted by peak ebb and flood tldal

currents whlle dolostones and shales sethled out of suspen51on during ‘

©ored

Jperlods of slack hlgh tlde. Flaser. wavy'and.len;icular bedding are

'well preserved and represent shallow subtldal inreréidalhand supratidal .

dep051rion respectlvely.;AAbundant 1nterbedded,flatfpebble‘conglomeratee‘



storms) or rising relative sea 1eveI,vresulting in the sporadic
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are interpreted to be storm-derived. S - IR

Shales: Grey shales assoc1ated w1th parted 11mestones and warlegated
(3 ;
red and green shales 1nterbedded with ooid calcarenltes/darbonate .
laminites are interpreted to be intertidalt to;supratidal'deposits. _Gréy
shales are regarded as slack tide deposiCS on a muddy tidai flat;
variegated shales are con31dered to be suprat1da1 dep051t3 on-a

carbonate sand shoal complex respectively. " A nearShore.Supply;of-

silicictastict mud was probably reworked by high.energy:events'ge.g.

deposition of these muds in carbonateddominated'environments. This

1ntert1dal—suprat1dal d1str1but10n of 5111c1c1ast1c mud is in contrast

,to many comparable carbonate platform sequences" in whicb'the shales are

1nterpreted to he deeper water dep051ts. "

A .
-

Qoid Calcarenites: The two types of ooid.calcarenites, grey oolite'and

brown oolite, and the associated carbonate laminitesare interpreted. to

- B

have formed héterogenous, carbonate sand shoal'comblexes. Grey oolites,

whlch lack mud and ev1dence of subaerlal exposure, are 1nterpreted to be

depoﬁts of a h;gh energy. subtldal mobil sand frlnge. Brown oolites,

w1th 1ntercalated mudcracked mudstone beds 1nd1cat1ng 1nterm1ttent

subaerlal exposure and fluctuatlng energy condxtlons, are 1nterpreted to

- Al

be 1nterC1da1 sand flat dcposth. This model is in contrasx to Bahgmian

‘

" bars and tidal channels, and alongshore'oolite deposits of the Persian

Gulf. - - e | R

-

—_—

' Carbonate Laminites: Dolostone and limestone laminites; with abundant

.

Y

“platform-rim ooidfsboals. composed of -long and narrow or spill-over type .
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evidence of subaerial exposure, are interpreted to be supratidal
deposits.. Dololaminites interbedded wth parted limestones represent

sunratidal deposition in muddy tidal flats during perjods'of,low_

siliciclastic mud influx. 'Carbonate® laminites interbedded with ooid
calcarenites are interpreted to be the supratidal crest facies of

- carbonate .sand shoals.

" Stromatolite and Thrombolite Mounds: Stromatolites and- thrombolites

foring a plethora of biostromes-and bioherms have variable shapes and/
internal,composition. Morphology and inter-mound lithologiés suggest
that stromatolltes grew in shallow subt1dal intertidal and supratidal

zones of both carbonate shoal complexes and " mudd) tidal fldts. L A o

Y

- hemispherical mounds in the subtidal to lower-intertiddl; CQlumnur and |+
"digitate f£orms. in the ‘higher energy intertidal; and'stratiform -

- . : N ‘ . e :
stromatolites in the upper-intertidal to supratidal. Thrombolites are

interpreted as algal patch reefs wh1ch on, the basis of the asSociuted

l1thofac1es, grew in shallow suthdal to 1ntert1dal env1ronments. . )

Glabc0nitic Sandstones and Oolites;'k.bimbdal grain-size of rounded . - t' ’

R
-

5111c1clast1c sands and angular sxlts is. present throughout. Silt=size

quartz’, and feldspar are ub!!q#!ous and 1nterpreted to be eollan
Glauconitic, siliCiclastic'sandstones and»arenaceous limestones at the
base 6f the seduence‘are regarded as remobilized_and*feworked sediments'

of the underlylng Hawke Bay szltc1clast1c sandstones that ‘were dep051teds

N

'|

in 3 shallow subtidal. env1ronment. Sand -size quartz and feldspar in the

Port au Port 1ime$tones.and ddlostones,are associated with brown oolite

e1ther as scattered gra1n§ or im thln beds~'they are 1nterpreted to have

i

- been teworked from a nearshore env1ronment by’ storms or EXtreme bldes - ﬁa
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e N . N

_and:trapped'in the carbonate sand shoal complexes. The dccurrence of’
o ‘ : . c T : _ -
glaucenite with siliciclastic sands suggests ‘extensive Teworking and .-

concentration ef grains,'possibly during low stands of sea-leyelg

" The env1ronmental condltlons during Port au Port dep051t10n were: (1)

-

a t1da1 range of at_ least 2 m (mesotldal) - 1nd1cated bv flaser wavy

r

and lenticular bedd1ng and thickness of sedlment packages in parted
llmestones. (2) perlodlcally hlgh energy cenditions on both nudd) t1da1

Elats and carbonate sand shoal complexes and good" c1rculat10n with.the

~

. open ocean -——. suggested by the abundance of 001d calcarenltes and

. well—developed bedd1ng structures in parted llmestoneS' (3) a humid

[

cllmate - 1nd1cated by the well-developed paleokarst and absence of
evadence of evaporltes and(4) dep051t1on in very shallow subtldal

intertidal and 5upratidal env1ronment§‘;— evidence.fog extenslye deep

subtidal deposition is absent.

10.3 FACIES. SE;;'U'ENCES

o

. . ! LT 0
. ..

Small- andvlargeiscale sedimentary assemblages are the most.obvious

" sedimentary features of ‘the Port-au Port Group on the Port au Port
Peninsula. -

e, E T . |

w . Predictable meter-scale, shallowing upward cycles of parted llmestone

M, :b" . ' :

iy and shale are most - reasonably accounted for by an autocycllc mechanism.

’

"Tnese muddy tldal flat cycles are 1nterpreted to be controlled in. large

-

' part by.varlable rate; of subtidal carbonate sedimentation under
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.319 o . o ‘. ‘, ._ . .\- )

tonditions of constant sea-level rise, and/or subsidence. - Meter-scale,
R . . K

[

oolite-laminite assemblages, in contrast, are characterized'bv

unpredictable lithofacies sequences. Thev are beqt expla1ned by

vert1cal accretlon and frequent, rap1d nlgrat1on -of - the carngnate shoal

. & Ll ' k]

complet in response to hvdrographzc factors. such as ttdal \artat1onq

v s . '. .

and storms. Both assemblages are punctuated by sedxments 1nterprete¢

. i
- »

storn dep091ts or 'tempestites": these inclhde: (l) flat-pebble

conglomerates and gutter casts in parted l1mestone5' (2) 5rev oolLte

beds in parted limestones; and (3) occa51onaL wanlng energy‘rsenuences

. N RN

R - . ). . .

L. . . J . - . 4
,

.- N s

s . - . ] PP R s

Large—scale»cycles Qr ., Grand Cycles are composed of a louer ‘shaly « ..

» half—cycle of parted llmestone shale cycles and "an upper canbonate

half—oiile'pf oollte lamlnlte assemblages. These cycles dre var}ably

developed in the mlxed carbonate and 5111c1clast1c belt.  They are

! o .

1nterprgted to represent' (l) jnundation pf the platform by e ' A,
» s

-.shoreward derlved 5111c1clast1c muds durlng a rapld marlne transgr0531on

- A

and (2). the gradual development of a: carbonate shoal and leeward tidal

flat durlng the period of wanlng 5111c1c1asttc 1n£lux and slowed
, . * o
transgre531on. Compar1son wmth other North Amer1can Grand Cycles .

suggests a eustatlc mechanlsm of formatlon, p0351b1y 1nvolv1ng

» .,

' var1at1ons in the rate of reIatxve sea- level rlse. Unlike theﬂwesternﬁ.

‘ﬁ\

© North Amerxcan examples, Neufoundland Grand Cycles are composed almost

. \.
'enE1re1y of perltldal sed1ments. they are also th1nner and have a
smaller areal extent than those in the west, These d1fferences may be

. .
s

“due- to such factors as narrower shelf’ widthsy slower rates of B

' . 4

sedlmentatlon, and lower amplltudes of relative sea- 1eve1 rise on the

! - . - . . . G . . '
N « . <. . n- Y . L

[ S e
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now northeastern-margin of the North American craton than on the western

» margin.

10.4 ELTHIFICATION‘{'

- N . LA . [ . >

Célcite“cements in Polt au Port sediménts.réflédt,a prolonged and

convergent history of. 11th1f1cat10n 1nvolv1ng (1) facies-épecific

N ~

flbrous and micritic calc1tes 1nterpreted to be synsed1mentary per1t1dal

- .

. < precipitates; (2) relatively rare, ‘prismatic clear calc1te'considergd to-

be possiblg shallow-burial metéoric cements; and (3) pervasi&e: blocky

hY
ca1c1Le 1nterpreted to have prec1p1tated durlng deep burial and

subsequeqt re-exposure. Additional ev1dence for synsedlmenca;y
\ . \
lithification 1s prov1ded by a varlety of conglomerate horizons,
9’ .

cdmmonly flat- pebble conglomerates w1th mudstone and oolitic clasts.

s hardgrouqu in parted 11mestones~and.grey oolites; and peritidal

paleokarst in carbonate laminites. s
“ ) . . ~

B
-
1) . -

The early cements and erosion surfaces indicate the.collective

1nf1uence of submar1ne and Subaer1al 11th1f1cat1on, ie. peritidal
I' N o . .
11th1f1cat10n, in shaliow marine deposztg The distribution -and extent
3 . ' o
‘of this early li;hification in Port au.Port sediments .appgar to be the

~ key .factors governing ‘the direction and -extent of .subsequent

o~

diagenesis. .
I

)







10.6 ORIGIN OF PARTED LIMESTONES

B
Parted ‘Limestones are most. reasonably explained by &agenetic -
. . . , . } R,
overprinting of primary sedimentary fabrics. The model consists of: (1)

:;idal dépbéifibn of rhythmicaliy_interbedded carbonate-rich and ©

'jClaﬁ-rich‘sediments-tha; were spbjegt ta bu;rdwingtand intermittenf‘
- . subaérial exposyre; (2).synsegimeﬁta?y and possible shallow-burial
meteoric lithification o6f carbonate-rich beds to.form mudétphe;‘(B)

"squashing" of clay-rich sediment and fracturing of ‘mudstoneé:’ and (%)
. ‘pfecipitation of ferroan dolomite, in part contemporaneous with_

mechanical compaction, in clay-rich sediment. Pressure solutian -
accentuates or masks older- primary and diagenetic /features - in. parted’

limestones but does not result in additional fabrics. 4ﬁ

P L, ) . e . '.' . J -

' - R BN ’ . - 1

Primary.rhythmic bédding'bf ca bond%e;;ich"éﬁé Giéy-cich Qediﬁghts“
Tépbears'to be the’ most §ignificant‘facﬁor'cantfolli?g thé naPure‘of:'
t:.thése:ba;teq_ii;esto;es.i‘Thié’fébiar'ﬁéy be-cﬁe denéﬁihafo? Linking
iFhesg,;ocks to lithologi;al;ylsimiléy'parFedvlimeéiones in opher.ancient.".

.

platform and deeper marine,sgquéncké.h

- . - . . Lt " e . . . R N

—_

10,7 DOLOMITIZATION

- . . e R - . a
;.

.~ The three‘CL-typés of -dolomite occur individually.in limestones and
"@ogether.in pervaéively dolomitized Iiﬁéstdnes. Fabric—ﬁre§ervinng'

.. - N



.-+ and chemical and pechanicél compaction; and (3) tectdhbcally—febated

323 -

syngenetic dolomite (red CL type) is specific to dololaminites and

dolomitized brown oolites. Early diagenetic doldmités formed suhéuqneﬁl
to early limestone lithification and prior to the last stage of blockv
calcife’ceqentazion. 'These doloﬁiteg are non-facies specific Jqd

‘include: (1) zoned dolomite which is restricted to the Felix Member and

Berry Head Formations and (2) the later, dull CL dolomite which is

+

. stratigraphically widespread. Their distribution is interpreged to have

been controlled by the extent of synsedimentary and shallow-burial

limestone lithification and later fracturing. The last stape of
: . . - . - . . N - . .
dolomitization, forming saddle dolomite, cross-cuts eartier dolomites;

lines fractures and vugs; and postdates pressure solution. All
dolomites wcre'suhjected to dedolomitization, probably related _go -

Mississippian karstificition and evaporite dissolution
’ -o : ‘.

10.8 SUMMARY OF DLAGENESIS

-

¥ o

K The'prdbractéd Sequenge of didgenesié‘in Port au--Port carbonates. has
.three readily recognized components: (1) synsedimentary diagenesis .

thd%acﬁﬁrized by Facies-sp#@ific lithification, erosion and
. dolomitization under- peritidal conditions: (2) late diagenesis whi&h“

» -

includes noﬁffacie$jspebific déep burial cémentation, dolomitization,

‘cementation and dedolomitization, Interpretation of intermediate
processes,. which include mineralogical transfoimations, midstone

. - - N '-_' . . . 'v .. .
* lithffication and cementation by prismatic clear calcite, is more.

gdifficult;’peirography.ahd‘iheir-position'between the synéedtmentary-dnd

N . s



}{:ié diagenetic stages, however,-are Eo%patible withva'shal;ew-bufial
meteoric;9rigin. The.produéts of'syhsedimentary peritidal and ninor
.~ shallow-burial lithi%icatioﬁ colleéti;ely dete?mined thé‘finql |
appearan;e of the rocks; deeper'burial'and re-exposure evehts resu}teq
i% only a difoSe overprieting of el} lithefacieé.’ TQig'diagenetic
sequence is readily_{ntefpreted ffom.field and'peFfogrephic evidence:‘

- Calcite stable carbon. and oxygen isotopic analvses, however, do not

reveal clear complementary trends. -

10.9° SYNTHESTS

Platform carbonate and'siliciclastié’sediments of the Port au Port '

" Group bn the Port au'Port"Peninsula"displéy a Epéctrum of sedimentarv'
R -‘I
“-and. dlagenetxc structures tha;~enah1e 1nterpretat10n of the history of

these rocks and’ speculatlon about the ature of the Cambr1an platform

10.9.1 Paleogeographic:and Depositional Setting
o . . . N \ S o ' S - T e
-The‘Port au Port Group‘is.part~of the.Cambro—OrdOVician sequence'that

, reCords the growth and destruction oE a contlnental margln ‘of the.

- Iapetus Ocean PaleOgeographlc reconStructlons 1nd1cate that thlS margxn

‘was south fac1ng and 51tuated at approx1mately 20-75 degrees S latltude,

w1th1n the sub troplcal c11mate zone. Sedlmentologlc ev1dence, such as

abundant SUrface paIeokarst and absence of ev1dence for evaporites.

.

further suggests relaclvely humld c11mat1c cond1t10n5 The Port au Port

-

L
Group represents deposxtlon on the outer part of a narrow shelf,

>
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suggest a mesotidal range: good circulation with the open acean: and

' muddy tldal flat settlngs. synsedlmentary d1agenes1= resultLd

324a

.estimated to be 200 km wide.. Neither the cratonic shoreline nor the. .

shelf-slope transition are exposéd in western Newfoundland: inner shelf

sedlnents are covered and coeval slope and basin sedxrent< (xe LCow Head
and Curlihg Groups) are allochthonous,-outcropping north of the Port au
Port Peninsula. ~ o ’ .

Peritidal platform sediments of the Port au Port Group were depasited
B T L - |
in two laterally adjacent megaAenvi_.ments: (1) an extensive, outer

‘obid shoal complex dépositediunder’h;gh energy conditions and (f} muddy.

tidal flats situated cratonward of the shoal complex which probablv paws

'

. landward into prograding terrestrial sediments. Bedding structures . °°

frequent high energy conditions due.to:storms. =

fO.9.i'Synsedimentaéy Diagenesis -

'.ThegFO(t au Porc,Gr0up wa§:subject_tb extensive peritidal

. . *

‘lithification. In ooid shoal complexes, there was subtidal.and.

-.intertidal.cemenhacion of oolites and algal.biostfomeS' formation of‘

hardgrounds in subt1dal oolites; dolom1tlzatlon and kaxstxflcatlon of

,“. -
)

supratidal sedlmentS' and the formatlon of abundant conglomerdteb._‘ln

s

lithification of carbonate-rich horizons‘intparted ljhesfoucs;'féfmabiun~

A o
. . N .

of hardgrounds in'mudstones:-cemen;étibh of algal bioherms and
’ .' ' . o, ‘ . AI:{ "‘." o

biostromes; and abundant flat-pebble conglomerates. - . "

e o Lo e :

o o R 4
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10.9.3 Depositionai History . ’ . -

Mixed carbonate-siliciclastic sediments of the Port au Port Group ,gﬁ_
represent the gradual transition .from shallow-marine, siliciclastic N
depasition (Lower Cambrian Hawke Bay Formation) to predominantly °

carbonate accumulation (Lower Ordovician St. George Group). The sequence

records the lateral migracion of two.mega—environments. ooid shpal -

-

complexes and muddy tldal flats. in response to,a complex 1nterplav of

‘sea . level eustasy, se‘?mentacion rate and_shelf morphology. On the Port
~au Port Peninsula thlS anterplay resulted in the generatlon of nhree

L

B C‘.

largevscale c~cles or. Grand C)cles. each composed of a lower shalx

half-cycle and an upper carbonate half-cycle. Superlmposed‘on_these‘
Grand Cycles are meter-scale assemblages controlled_mainly by variable
tates of carbonate sedimentatian. -

The ﬂarth-Point,Formation marks the beginning of the first shaly

' half cycle. the base of Grand Cycle A ThlS formatlon records the onset

»

: of.wxdeSpread shallow subt1dal condltlons over much of the plarform

. . . q:
' during rapid sea level rise. The siliciclastic sands at its base were

P
-

-probably derived from the subtidal rework1ng of 5111ﬁiclast1c sands from

tbe under1y1ng Hawke Bay Formatlon. Elsewhere in the.March Point

. s
. ]

‘Formatlon dep051tion of f1ne—gralned carbonate sediments predomlnated

‘td form'parted limestones. o

4
.
-

With'continued seap levél rise and advent of high spergy.conditions.'

.the supp1§ of siliciclastic muds derived from nearshore sources
increased. ° Tbis resulted in deposition of parted limestones and shales

~n . v



._chg-pppermost‘part“of.thé Egpe Ann Hember; . : :

‘frequenfishifting7of shoal deposits and resulted in unpredictable,

324¢

‘of the overlying Cape Ann Member of the Petit Jardin Formation in a

- ) ' ) .- . . .
muddy tidal flat setting. Sedimentation generally kept pace with or

exceeded sea level rise, resulting in the development of meter-scale,

1

shallowing upward cycles. During storms, coids were derived from a ooid

" shoal compléx. located seaward of cﬁE*EEE£T°E1at during deposition of

e
. P

v

’
. '
. ¢ . »
' .

As sea lével'risé slowed, the ooid shoal complex widened shelfward and

encroached upon the adjaéeﬁt tidaf"fiat. Interbedded oolites and ,
. - . , . ) : 9.
carbonate laminites of the Campbells Member were deposited, forming the-

.

carbonate half-cycle of qund Cycle A, Storm and tidal processes caused
: B . s - w

»

. -

. meter-scale assemblages. = = . v

<

. . - < . s
. * Ce o

Renewed increase in the rate of sea level rise flooded inner portions’

Y

of tée plgtkorm. marking.the onset 6f;deposition of the Big Co¥ Member,
. . t ‘ R "
the‘sha¥y half-cycle okarqnd Cyglé B.lﬂuddy tidal flat conditions were
re-established as sedimentation rates kept up-with the ;;té of sea’level
riée:‘ Depositiog of mixed c;rbona;e éedi;énts and siliciclastic muds

prevailed during this time, resulting in strata similar to that of the

[
. ——

Cape Ann Member; | {-,..' _ . . : o

.

s The.seaward ocid shoal comple¥ expanded laterally over the ad jacent

> .

‘tidal flat once again as ‘'the‘rate of sea level rise decreased: This

¢ s ‘ .
resulted in deposition. of the Felix Member, the carbonate half-cycle of

Grand Cycle B, which is composéd of meter-scale'assemblages similar to .

@, .

thosewpf the bampbells‘“ember. Near ‘the end of this cycle, very’shgllow’

wa;gf'tonditioné and reduced rates of carbonate sedimentation persisted

wr

&
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unconformity). A slight 1ncrease fn a f%wgl rikﬁ;kenpd?arlly
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S r
o o B

‘~ ]

. . s
in the shoal complex. resultibgvxn fdrmatlgn Qf the (sub E1v1nLa

Iy l

. N
re-established ooid shoal deposition at thgzpnd!of this cycle.

A phase of rapid sea 1 rise flooded ’of the _platform depositing the

Man' Q' War Member, the shaly half—cycle of Grand Cycle C, but did not

completely inundate the ocoid shoal complex. The supply of remobilized

M “ -
5111c1clast1c mud‘was relatlvely-smarl so that only the lowermost parg
. o o '

s \ag . "
of the member contains siliciclastic mud. Carbonate deposition in a

muddy tidal flat environment was re-established and parted limestones

8
characterize the rest of the member. Throughout thiis period, ocoids were

swept from the ooid shoal complex onto the muddy tidal flat.:

With a decreasing rate of sea level rise, the ooid shoal complex

‘expanded laterally, gradually blanketing mosk.of what is now western

Newfoandland and forming the Berry Head Formation. -
. L N e

10.9.4 Post?Depqsitional ﬁistory S ) ‘-

After deposition and synsedimentary diagenesis, carbonate sediments .

were altered during burial and tectonism. Shallow-burial (meteoric?)
. N ' -3

diagenesis affected all carbonate sedlments and anluded the followlng

. \,_) '3
processes: . ¢L) dlssolJ£1on of aragonlte and Mg ca1c1te to form molds.

t

2) transformatlon of Mg calcite and aragonltq to calc1te. (3)

lithification of mudstone in parted llmestones. and (4) preclpxtatlon of

-prismatlc. clear® calcite cements. The lack of conclu51ve év1dence for

meteoric dlage9951s may ‘be related to 1nsuff1c1ent perlods of subaerlal

exposure, the predomlnance of ca1c1t1c components. or- the perva51veness ‘

e



~y?

of synsedimentary diagenesis.

- ' . - - o - R

-Progressive bu:ial to.an estimated depﬁh of 3-4 km resulted in
'.'".'”..' A o

L contlnued alteratlon of these sedlmentb. Diagenetic processes, '&c]uded:

(1) mechan1cal compact1on"(2) alteratlon of’ 001d5~to coarsely

S :cr\stalllne ca¢c1te. (3) muLtL-stage dolomltlzatlon, (4 ) fracturxng

(during Wlddle 0rdov1c1an Thconlc Orogenv)4 and (D) Lementatlon hy
. : .blocg! calc1te. Coe . - I : ;-'_lf _ e

’

The sedlments were further altered durlng Late De\onlan Acadian uplltt
e
and faultlng, karStlfltatlon durlng the Carbon1ferous and dlagunes1s of

quboniferous~carbonat§s and evaporites. Th1s lthS[ stage anol»ed

fratturing::cementdtion'by_blocky calcite! and dgdolomitization.;
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