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ABSTRACT

Detailed,stratigraphip examination was undertaken of

the Lower Ordovician Isthmus Bay, Catoche, and Aguathuna
Férmations, St. George Group; in western Newaundland
Lithologic descriptions were grouped into seven peritidal
'lithotopes with additiqnal descriptions of the effects of
erosfon and subaerial exposure, such as hardground forma:ion,
. evaporite Precipitation, and karstification. The vertical
oscillation of lithotopes generates sequences rather than
ideal shallowing upward cycles. These sequences ghow that
the continental shelf in western Newfoundland, in Lower
Ordovician timéh was a pa?chvork’p{'low-rellef islands and
banks whose character differed geographically and changed
with time, as the shelf slowly subsided. . Slight uplift and
subaerlalzmposure of the shelf occurred at the end of the
lLower Ordovician, resulting in irregular erosion,

Cryptalgal structures of very diverse character are
related to environment?l and biological parameterg that 1ntef—
acted in a complex way, HLeminated 8tructures, stromatolites
and cryptalgal laminites, formed in fnter-~ and supratidal areas
areas characterized by the episodic additfon of sediment.
Thrombolite mbunds were common in the subtidal z¢ne, where
sedimentation onto algal mats regsulted in unlaminated micro-
Structure. In places, sponges, primitive corals and the
'calcareous algae Reunalcts contributed to their framewprk,
These mounds are ecoiogic reefs of surprising complexity,
Supportipg a benthic flora and fauna of all major trophic

Broups occupying most niches, .These reefs occur in the
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transition period from algal-dominated bioherms to metazoan-

dominated bioherms of the later Phanerozoic. Cryptalgal

-

microstructures can be separated into a number of recuering

types and a classification is proposed that can be amended
- I
to include typeés not recognized in the St. George. '"Calcareous'

algae such as Girvanella and Renalcis are irterpreted to be

diagenetic taxa resulting from the calcification of blue-green

algae.

[y

The calcareous sediments of the St. George underwent
diégenetic modification beginning on the sea floor and con-
tinuing until the Upper Mississippian. Processes included

. —~

synsedimentary and‘'burial calcite cementation, neomorphism,

silicate authigenesis, silicificatibn, burial and epigenetic

dolomitization. Galena and sphalerite mineralization occurred J
during epigenetic dolomitization and colloform vein formation.

The paragenetic sequence seems typical of Lower Paleozoic

peritidal shelf and epeiric carbonate sediments.
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CHAPTER 1 - INTRODUCTION

PURPOSE

The Lower‘ Cambri#n to Middle Ordovician carbonate rocks
of western Newfoundland represent the shallow-water deposits
of a largely equatorial continental -,shelf that rimmed the Lower
Paleozoic Proto-Atlantiec Iapetus Ocean, The continental sghelf
extended from New Mexico to Neuwfoundland, and beyond to the
British Isles, Greenland and Spitsbergen. A'coeval epeiric sea
spread into the continental ‘interior of NorthlAmerica which wasg
also bound in the west by a continental margin of similar
depositional cha'racteristics. ‘

Limestones and dolostones of the Lower Ordovician St, George
Group are very well e:rposed at many places along the coast of
western Newfoundiland, from Port au Port Penminsula in the south
to Hare Bay and Boat Harbour in the north (Fig, 1), In general,
these strata are much less deformed than equivalent rocks in the
Appalachtans to the south {n the United States, The first
stratigraphic framework for western Newfoundland was established
in 1934 by Schuchert and Dunbar. Since then, the Lower Ordovician
sediments have received only cursory attentfion in mapping studies,
until the investiga{ions of Lévesque (1%77) and Knight (1977b,
1978), The Paleontology of the 5t, George was treated in Billings'
(1865) classie monograph, and later gtudies permit regional bio-

Stratigraphic correlation., The sedimentology of the S5t, George

has recelved a broad treatment in Lévesque (1977), Recon-

naissance diagenetic studies vere undertaken by Smit t19.71),

Svett and Smit (1972), and Collins and Smith (1975),

The purpose of this study is; ~ (1) to interpret, fn detatl,




WESTERN
NEWFOUNDLAND

EDDIES COVE WEST %
PORT AU CHOIX 5

I
I

GREAT
NORTHERN
PENINSULA

TABLE PT. 3,
DANIEL'S HBR. sweme

| P——
e
o
-

{ /

-,

-

L]

‘3
u'

8
-
.,
v

i
’

n e
KM sn' 520 .
52° . 52
NW& NE
GRAVELS i
PORT AU PORT 2 \ - NEWFDUNDLAND
PENINSULA /F=3/>
LOWER COVE® . :
AGUATHUNA’
46~ 46°
60° 52°
% - measured section
= -other locahties
=== -€-0 shell carbonates
[T ) ]

Map of western Newfoundland showing location of sections

Figure 1:
Measured and localities examined in this study.



the sedimentary environmenfs and record the vertical and lateral

.
relations between them, (2) to describe the different types of
cryptalgal and biohermsal structures, (3) to document the character
and timing of the diagenetic processes involved in lithogenesis,

and (4) to characterize the nature of the unconformity separating

the St. George and overlying Table Head Groups.

METHODS
.

Stratigraphic sections were measureg in seven areas along
the coast of western Newfoundland (Fig, 1): Boat Harbour, Eddies
Cove West, Port au Choix, Table Point, Isthmus Bay and northwest
of the Gravels, northeast of the Gravels, and Aguathuna Quarry,
In addition, strata were examined for comparative purposes in
Hare Bay, Table Mountain, Daniel's Harbour, and Lower Cove oun
Port au Port Peninsula. Sections were measured with a range pole
to the nearest 0.1 metre. Covered intervéls were either mea-
sured with the range pole, or estimated using paced distances
and bed geometry when necessary,

Stratigraphic subdivisions were made in the field on the
basis of lithologic character, including rock type (limeGtone or
dolostone), depositional texture (mudstone, wackestone, pack-
stone, grainstone, and boundstone), and sedimentary structures.
Particular attention was paid to contacts between units, where
not obscured by stylolitizatioam., Over 800 gamples were collécted.
Fossil specimens were also collected and keyed into strati-
graphic sections for blostratigraphic purposes, 1In the labore-
tory, rock samples were slabbed, ground with catquunduﬁ gritc,

and etched with dilute hydrochloric acfd, Acetate peels were made




from nearly all samples, and thin sections prepared from sgselected
samples for further petrographic study. Most thin sections were
stained with alizarin red-S and potassium ferricyanide, Iﬁ
total, about 450 thin sections and approximently 800 peels were

examined in this study,

REGIONAL SETTING AND STRATIGRAPHY

The island of Newfoundland is the northern termination of
the Appalachian orogen, The island has been divided Iinto four
tectono-stratigraphic zones by Williams (1979): the Avalon,
Gandef, Dunnage, and Humber Zones, The Humber Zone, in which
this study is located, represents the deposits of the Lower
Paleczoic contintental margin in eastern North America (Williams
and Stevens, 1974). Widespread shallow-water carbonate deposition
on.the margin began in Middle Cambrian time, and continued with
occasional interruptions uncil Middle Ordovician time, Slope
and basin deposits, coeval with the.shelf sediments, are exposed

as allochthonous'slices in various places in western Newfoundland.

The platform foundered in Middle Ordovician time, and was covered

by siliciclastic sediments derived from advancing allochthons

of oceanic crust to the east (Stevens, 1970).

The earliest stratigraphical work in western Newfoundland
was done by James Richardson (Logan, 1863) who presented the
first subdivision of the rocks includfng those now known as the
St. George Group. They vere measured in the Port au Choix and
Eddies %?ve West area, and separated into divisions D,E,?,G,R,I,

K,L,M, and N of the Lower Silurian Quebec Group (Table 1),

Schuchert and Dunbar (1934), in their study of the stratigraphy
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of.lestern Newfoundland, proposed the name St, George series

for the Lower Ordocician shallow-water carbonate rocks, The
strata exposed from March Point to northwest of the Gravels on
Port au Port Peninsula were designated the type section (Table 2),
Due to lack of fossil data, included in the S5t, George series
were Richardson's divisions D and E on the Great Northern Penin-
sula, and rocks on the Port au Port Peninsula now known to be
Upper Cambrian in age., They determined that the St, George
series overlay the Cambrian March Point series on Port au Port
Peninsula, but the lower contact on the Great Northern Peninsula
was not observed. The St, George series was overléiq unconformably
in all places studied by the Middle OrdoviciéngTable Head series
(divisions K,L,M, and N of Richardson). Sullivan (1940)
questioned the type section along the southern shore of Port
au Port Peninsula, pointing out the faulted nature of the whole
coast. He also believad the St, George was in fault contact
with the underlyihg Petit Jardin Formation, the latter name
proposed by Lochman (1938) after splitting the March Point series.
rJohnson (1949) discounted the faulted nature of the contact, but
noted the barrenness of the section between Cambrian and Ordovician
fossil occurrences, Valtﬁier (1949) re-examined the type section
and considerably ;horteneq it py placing the lower pArt 1into
the Petit Jardin Formation., ' -

Limestones and dolostones of Lower Ordovicigm age were
recognized in other parts of western Newfoundlaﬂd. Co;per (1937)

« . .

mapped the Hare Bay area and subdivided Lower/Ordovician carbonate
rocKs into the Southern Arm Limestone and thé Brent Island Lime-

stone. Betz (1939) mapped the.Canada Bay ;}ea. and placed. Lower

Ordovician carbonate rocks into the Chimqéy Arm Formation.




Stratigraphic nomenclature, Great Northern Peninsula
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Table 2. Stratigraphic nomenclature, Port au Port Peninsula

Schuchert Whittington James
and Lochman (1938) and Besaw (1972) Lévesque (1977) et al.
Punbar (1934) Kindle (1969) (in prep.)

Table Table Table Table
Head ) Head Head Head .
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Cambrian and Ordovician rocks were studied in Bonne Bay by
Troelsen (1947) who subdivided the St: Geprge Group into fiye
numbered units, with the contact drawn arbitrarily above the
last Cambrian fossiliferous horizon, Troelsen (1947) also sug-
gested that the lower St, George Group may be partially Upper
Cambrian in age, because of the 'arge barren interval between
horizons containing fossils of the two periods. In .the Humber
Gorge, Lilly (1961) subdivided the St, George Group into the

Hughes Brook and Corner Brook Formations, overlying the Reluctant

Head Formation of Cambrian age. “Various reconnaissance studies

by Oxley (1953), Nelson (1955), Woodward (1957) Riley (1962),
Cumming (1968), Tuke (1968), and Smit (1971) considered the
St. George Gron but did not altet the stratigraphy,

Kindle and Whittiﬁgton (1965) and Whittington and Kindle
(1966) discovered Cambrian trilobites in rocks of the Port au
Port and Great N&&thern Peninsulas previously placed in the
St, George Group, and later presented a revised stratigraphic
summary (Whittington and Kindle, 1969), pointing out that the
St,. George Formation was best seen at the eastern end of Port
au Port Peninsula.

A number of recent inyestigators have further subdivided
the St. George Group, Besaw (1972) separated the S5t, George
Group.into five 1lithological units which he felt were mappable
throughout the Port au Port Peninsula and adjacent matnland
Newfoundland, It ascending order, they were the Lower Cove
unit, Pigeon Head unit, Pine Tree unit, White Hills unit, and

Port au Port umit. The Lower Cove unit was not measured in its

entirety, and is now known to fnclude strata of Cambrian age,




Furthe;‘north, Kluyver (1975) subdivided the portion of the

St. George Group exposed at Port au Choix, erecting the Barbace
Point Formation, Catoche Formation and Port au Choix Formation,
corresponding roughly to Richardson's units G,H, and I
respectively. Collins and Smith (1975) employed the informal

lithologic names "lower limestone”, "dark 8rey dolomfte”, and

"cyclic dolomite” for correlating drill)cores in the Daniel's

Harbour area,

In the course of stratigraphical work on the -Great Northern
Peninsula, Knight (1977a,b; 1978) modffied Kluyver's (1975)
subdivisions and informally proposéd new oneE, )

They are, in ascénding order, the Unfortunate Cove Fo;mation,
probably Spanning the Cambro-Ordovician boundary, Watts Bight
Formation and an overlying un-named unit, both approximately
equivalent to the Barbéce Point Formation, Catoche Formation

with the Laignet Point Member 2t the top, "Diagenetic Carbonates"
and Siliceous Dolomite Formation, the latter two equivalent tp
the Port au Choix Formarion, Lévesque (1977) studied the St.
George Group in the Port au Port and Port au Choix areas, and
reduced it to formational status with three members, the lower
cyclic, giddle limestone, and upper cycllc members, This three-
fold subdivision coped with the problem of local lateral dia-
genetfic changes to coarse epigenecice dolostones, misunderstood

by previous lovestigators. James er al. (in prep,) have

restored the St, George to 8TO0UpP sStatus with three formations,

in ascending order the Ischmus Bay Formation, Catoche Fornation,

and Aguathuna Formation,
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CHAPTER 2 - SEDIMENTOLOGY

INTRODUCTION
Rocks of the St. George Group have been shown by Lgvesque
(L977) to be broadly divisible into two different types: (1)

shallow-water "cyclic"” sequences in the lower and upper parts,

and (2) subtidal shelf lithologies in the middle part, corresponding r
to the three formations of James et al. (in prep,), Isthmus
Bay, Catoche, and Aguathuna Formatians. In this study, detailed

Iithologic description of most exposed St. George strata in
western Newfoundland has been grouped to produce seven lithotopes,
which are interpreted to be the deposits of seven distinct
Shallow-marine peritidal palecenvironments or facies (Table 3).

In Addition, secondary lithologic features such as ooids, hard=
grounds, evaporites, and subaerial exposure horizons are
described. The lLithologies are typical for the Lower Paleozoic
continental shelf and epeiric sea sediments preserved in 1
North America, Despite the lack of siliciclastics, these Lower
Paleozoic rocks show many sedimentary features in common with
siliciclastie peritidal sediments. Similar-interpretations have -

been arrived at by previous workers, based on the evidence '
preserve& in the rocks, augmented by the accumulated experience
of ndmerous studies of tropical shallow—marine»carbonate '
environments carried out in the last twenty years, The
repetition of lithotopes does not produce ideal cycles, and
facies sequences are constructed instead oo the basis of the
relative abundance of vertical contacts. Using_Walther‘s Law, L

1sland sedimentary models are suggesced to account for the

deposition of the different parts of the St. George,




Table 3. Summary of lithological characteristics of lithotopes P

“

Lithotope Facies Lithological Characteristics Inter-relationships

L

supratidal cryptalgal lamination, common mudcracks, frequent vertically with C,
doming to low-relief hemispheroidal stromatolites  ~ laterally to D and
E

intertidal hemigphercidal stromatolites, stacked and -laterally- vertically with A,
stromatolite linked flanked by and
laterally to D

bioturbated bioturbated, unfossiliferous, thinly bedded dolostone vertically with D
intertidal

intertidal thinly bedded grainstone and mudstone, sporadic bur- laterally to A and
flat rowing (Chondrites and U=-shaped spreite-burrows), B, vertically with
bedding types: current-laminated, parallel, len- C

ticular, wavy, flaser, nodular, scour and fill
structures

intertidal thin- to medium-interbedded grainstone, mudstone and laterally to A
shelf wackestone, frequently burrowed, common ripples

subtidal thrombolite mounds, fossiliferous, flanking grain- . laterally to G
shoal stones

subtidal thickly interbedded wackestone and mudstone, burrowed, laterally to F
4‘;helf common’ grainstone channels, lenses, and beds,

fossiliferous
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LITHOLOCIES
Lithotope A

{ R
Description -~ These rocks are composed of uniform hut sometimes

.
discontinuous millimetre-sized laminae of mudstone and finely
peloidal grainstone, with a primary fenestral fabric that

Ls microscopic, Lamination {s frequently wavy, sometimes
doming to low-relief laterally-linked hemispheroidal (LLH)
stromatolites. In rare cases, lavers of laminae are buckled
into small tepee structures, and torn up into intraclasts
(Figs. 2A. 2B), especially at the base of overlying lithotopes.
Diseontinuous beds, up to several centimetres thick, of

intraclastic and peloidal grainstone are frequently inter-

calated. This lithotope is usually affected by dolomitization,

producing alternating laminae of fimely crystalline dolostone

and limestone, or finely crystalline dolostone with laminae
outlined by crystal size differences and colour. Mudcracks
are common but deep prism cracks are rare (Fig. 2C).
Lithotope A is found only in the Isthmus Bay and
Aguathuna Formations, and ranges in thickness from 0,1 to
1.5 metres. In the Isthmus Bay Formation at Boat Harbour,
a unit of this lithotope changesg laterally to lithotope D
(intertidal flat facies) over a distance of 100 metres.

Ioterpretation - Arguments for the environmental interpretation

of this common l1{ithology have been frequently put foryard (e.g.:
Aitken, 1967), and itis termed cryptalgal laminites (Aalgalaminites),
formed by the trapping and binding of sediment by blue-green

algal mats, This is evidenced by uniformity of laminations,

their buckling and doming, and fenestral fabric. These algal




mats are interpreted, on the basis of many modern examples
(e.g.: The Persian Culf [Kendall and-Skipwith, 1968] and

the Bahamas [Hardie, 1977J), to have formed on supratidal

(and probably uppermost intertidal) flats as indicated in the

rocks by mudcracks and tepee structures. Discontinuous
grainstone beds are storm deposits. The intraclasts and
Peloids comprising these beds originated in other areas of
the tidal flat and Yffshore. The paucity of bioclasts
reflects considerable distance from subtidal areas, long
residence time and possible micritization of subtidal sediment
on the flats before final deposition,
Lithotope B

Description - This lithetope consigts of domal Btromatolites
in various combinations of laterally-linked hemispheroidal
(LLH) shape. Stromatolites have low relief, diameters
ranging from less than 0.2 to 2 metres, and are fnternally
well-laminated, with the laminae often wavy or defining
laterally-linked hemispheroids. Beds between stromatolites
and immediately over- and underiying them are lithotope D
and frequently contain mudcracks, are rarely burrowved,
and rarely contain fossils, Stromatolites are frequently
formed by the doﬁing of cryptalgal laminites.

Lithotope B is found in the lower part of the Isthmus
Bay Formation and the Aguathuné Formation. Units are generally
less than 0.3 metres thick, and commonly pass laterally to
lithotope D (intertidal flat facies), The stromatoldites

8re considered in further detail 1in Chapter 3,




Interpretation - These Stromatolites are {nterpreted to have

grown in the intertidal zone, in areas protected from strongly
erosive tidal curren ts, as evidenced by associated mud -
cracks, lateral transition to lithotope D, rarity of

fossils and burrows, and vertically associated cryptalgal
laminictes (lil‘chotope A). The well-laminated internal fabric

indicates episodic burt regular addition of sediment,

Li‘thotoge C

- Description - This lithotope consists of extensively burrowed
to completely burrow-mortled and churned, thinly bedded
(when Preserved), unfpssi‘liferous, usually medium—c‘rystal—
line dolostone (Fig. 2D). Burrows are un%bmpacted, and v}
dr;lomitization is of the diagenettfc type f(see Chap}ter 4).
This lithotope 18 somewhat Uncommoy and occurs only
I /
in the Isthmus Bay and 'Aguathuna Fornatfo\n‘s. It occurs
usgsually in relacively ehick units, from 0.5 to 5.5 metres:/.
Gradation into lithotope D (intercidal f£latc factes) ceccurs

frequently, and 1s marked by an fncrease in the amount -

o

s
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FIGURE 2

LITHOTOPES A, C, AND D

e with upper layers
Scale in cm; Catoche
Fm.; IB-262.

Vertically oriented slab of dolomitized brecciated cryptalgal
laminite overlying grainstone containing large and curled in-
traclasts of Cryptalgal laminite. Scale in cm; Isthmus Bay Fm,;
1B-209,.

Vertical view of dolomitized cryptalgal laminite cut by desic-
cation cracks and deeper prism cracks. Lens cap 6 cm across;
Ist hmus Bay Fm.; IB-153.

Vertically orfented slab of dolomitized lithatope € showing
almost totally burrowed thin bedding. Scale in cm, Isthmas
Bay Fm.; IB-98. ‘

Vertically oriented slab of dolomitized lithotope D showing
parallel bedding, scour and f111 lenses, and burrowed beds. At

bottom centre are vertical spreite burrows (Diglocraterion).
Scale "in cm; Isthmus Bay Fm.; IB-141. ,
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of bioturbation. When lithotope C 1is vertically juxtaposed
with lithotope H (subtidal shcll facies), the two lithotopes
are distinctively different.

Interpretation - This lithotope is the most difffcult to

interpret because dolomitization obscures components. The
burrow-mottled nature indicates frequent Submergence, but

the units are too thick to have been deposited in ponds on

intertidal flats. The rarity'of fossils suggests some distance
from subtidal areas, which is also suggested by the distinctiveness
of the two lithotopes when vertically juxtaposed. The gradation
in degree of bioturbation from lithotope D also suggests

intertidal deposition. It is interpreted that this lithotope
was deposited on‘intirtidal flats in areas protected from
erosion by tidal currents, where there was intermittent
"sedimentation with nearly pervasive bioturbation. The relative
thickness suggests that this depositonal locality was a
sediment trap, less prone to rabid shifting.

} Lithotope D
Description - Rocks of this lithotope are variable but
common features are thin bedding (less than 5 centimetres
thick), common dolomitization often glving rise to interbedded
peloidal grainstone, mudstone, and dolostone, and bedd¥ng
types that include cur?ent lamination, parallel, vavy,'
lenticular, and, rarely, flaser bedding (Figs 3A, 3B).
Eattial diagenetic dolomitization of soft-sediment compacted |,

limestone beds has resulted in nodular bedding (Fig. 34).

. ‘
Crainstones are sometimes graded, cross-laminated, herring-

- bone cross-laminated, and may be intraclastic, rarely oolitic
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or bioclastic, Fossils are rare, but large Planispiral
gastropodé and lingulid brachiopods do occur, Stacked !
hemispheroidal stromatolites, mudcracks, U~-shaped vertical
burrows &Fig. 2E), and, less commonly, horizontal burrows
(Chondrites) occur in scattered beds. Corrosion surfaces
occur infrequently.v

Units of ﬁhis lithotope range in thicknessg from 0.2
to about 3 metres and are not traceable laterally between
neighbouring sections. At,Boat Harbour, one unit passes
laterally to lithotope A (Bupratidal facies) over a distance
of 100 metres. Stromatolites of lithofope B are flanked - ]
by lithotope D (Fig. 3B). Lithotopes D and C (bioturbated
intertidal facies) intergrade with each other in the degree
°of burrow-mottling. ' J

—
Interpretation - This lithotope i interpreted to have been T |

deposited 1in the Intertidal zone because of : (1) the thin
bedding indicating episodic deposition by bed—foad and

Buspensjion transport, (2) the suite of sedimentary strucrures

and bedding types which is typical of intertidal segiments,

(3) mudcracks, (4) rare non~diverse 1ndlgenou$’fauna of
gastropods and lingulids, (5) sporadic nature of bioturbation,
with dominance of U~shaped and Chondrites burrows, and

(6) lateral transition.tp lithotope A. This lithotope is
similar to mddern sediments of both carbonate and siliciclastic
tidal flats, and is similar to other ancient examples from
Lower Paleozoie shelves (e.g.: Matter, 1967). The similarity

with modern siliciclastic tidal deposits isg probably due to

the high volume of sediment that was Benerated on the western
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continental shelf during the Lower Ordovician. The variable
nature of the lithologies grouped in this lithotope is
due to variability in current strength and dfrection, grain
size of sediment, degree of bioturbation, and frequency
of storms.

Lithotope E
Description - This lithotope Ls characterized by laterally
continous interbedded thin-to medium-bedded (beés less cha‘
10 ceﬁtimélres thick) burrowed wackestone, mudstone, and
Cross-laminated grainstone beds with dolomitic partings
(Fig. 3C, 3D). Herringbone cross-lamination and mudcracks
(Fig. 3E) are o0ccasionally preserft. Horizontal Chondrites
and U-shaped burrows are common, often Penetrating ripple
qﬁps during or after deposition of overlying beds, but
pervasive biotutbation.is rare. GCrainstones are usually
peloidal, fossiliferous, intraclastic, and in rare cases
oolitic. Small, thrombolite mounds, less than O.l metre
in diameter, occur in scattered beds,

This lithotope is most common in the upper part of the
Isthmus Bay and lower part of the Catoche Formation. Units
tend to be thick, up to about 50 metres on Port ay Port
Peninsula. Lacteral gradation to lithotope A (supratidal
facies) has been observed at Boat Harbour.

Interpretation - This lithotope is interpreted to have been

deposited im the intertidal environment because: (l)“griodic
Subaerial exposure and desiccation are indicated by wmud-

]
cracks, (2) herringbone cross-lamination suggests reversing

tidal currents, (3) vertical U-shaped and Chondrites burrows

a
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4re a common intertidal association, (4) lack of pervasive
bioturﬁation suggests unfavourable conditions such as tidal
exposure, and (5) lateral gradation to supratidal cryptalgal
lapinite. The fossiliferous nature of the grainstone heds nggest
nearness to subtidal areas. Most beds are probably the ;esult
of storm transport as the thickness suggests episodic move-
ment of large volumes of sediment.: Dolomitic partings are
probably dolomitized mudstone from normal tidal deposition,
The lack of bedding types of lithotope D (intertidal flat
facies), such as lenticular bedding, suggests a different
intertidal depositional setting which 1is interpreted to
have been a more open and continuous intertidal shoreline
exposed to subtidal sediment sources.

Lithotoge F
Description - Mound structures between 0.4 metres and up to
2 metres in both diamerer and thickness are found abundantly
in the St. GCeorge Group. These structures ofte; coalesce
to form banks and are usually flanked by cross-laminated™
grainstone that grades laterally to lithotope H {subtidal
shelf facies). Both mounds and flanking beds are highly
rossiliferous, containing gastropods, rostroconchs, cephalopods,
trilobices, pelmatézoan debris, corals, sponges, and sometimes
brachiopods. The mounds are made up of digitate, clotted
thrombolites (unlaminated sttoma:olitey) with burrowed
wackestone betugen.

Interpretation - These mound structures are cryptalgal and

are 1dentical with thrombolitfémounds described by Aitken
i
Y

(1967) from rocks equivalent in age to the St. George in
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FIGURE 3

LITHOTOPES D AND E AND CHANNEL

™~
Vertdcal view of lithotope D, éhowing lenticular and nedular
bedding of light-coloured limestone (originally peloidal cal-
carenite) in dark-coloured dolostone (originally mud). Lens cap
6 cm avxoss; Isthmus Bay Fm.; IB-93, )
Vertic::}ew of dolomitized lithotope D, Showing Lenticular bedding
and scour and fi1] structures, with 10 cm thick stromatolites (S)
in upper right.. Isthmus Bay Fm.; IB-203.

Bedding plane view of lithotope E, showing straight-crested
ripples. Isthmus Bay Fm.; ECW-95.

Vertical view of lithotope E, showing interbedded grainstones of
variable coarseness, some burrowed. Llens cap 6 cm across; Catoche
Fm.; IB-268. .

Bedding plane view of lithotope E, showing mudcracked ripples.
Isthmus Bay Pm.; PAC-30.

Field sketch of vertical view of a portion of grainstone channel ;
f111, showing imbricated intraclasts, graded beds, and scour v}
surfaces. Catoche Fm.; PAC-41, ’
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the Canadian Rocky Mountains., They are interpreted to have
grown in agitated shoal conditions in the subtidal zone
because of their fossiliferous nature and associated grainstaone.
They are somewhat similar to modern colloform mat structures
7 torming in the subtidal zone of parts of Shark Bay, Western
Australia (Logan et al., 1974). These cryptalgal structures
are discussed further in Chapter 3.
Lithotope G

y T
Description - This lithotope consists of burrowed fossiliferous
wackestone, with beds of burrowed mudstone and scattered beds,
lenses and narrow linear channels less than 0.1 metre thick
of peloidal, intraclastic, bioclastic, and cross-laminared
grainstone commonly interbedded in the Catoche Formation.
Bedding is thick, but difficult to recognize on account of
the stylolitization. Burrows are usually outli#ied by diagenetic
dolomite. Iﬁ the Catoche Formation, continuous units of
this lithotope are many metres thick, and broken cnly by
scattered thin units of nodular-bedded lithotope D (inter—
tidal flat facies) or horizons of thrombolitic mounds of
Lithotope F (subtidal shoal facies). Units of lithotope ¢
in the Isthmus Bay and Aguathuna Formation are thinner, less
than 2 metres thick, vertically associated ui:h inter- and
supraridal lithotopes and often contain hardgrounds, small
thrombolitic mounds, and less mudstone. ol

Interpretation - These rocks are interpreted as having been

deposited in the subtidal zone, under fully marine conditions,

as has been previously suggested by Lévesque (1977) and

James et al. (im pfep.). -An open subtidal environment is
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indicated by: (1) widespread nature and thickness of the
licthotopes, (2) lack of evidence far subaerial exposure,

(3) lack of common "cyclic" shallowing units of other lithotopes
in the Catoche Formation, (4) lateral gradation to lithotope

F (subtidal shoal facies), (5) ubiquitous bioturbation, and

(6) abundant fossils. The thinness of this liihotope in

the Isthmus Bay and Aguathuna Formations and occurrence in’
vertical association with.iﬁtertidal and supratidal facies

suggests that subtidal conditions in those formations were

g short-lived and less open. In the Catoche Formation this
lithology was probably deposited as mudbanks of slight
relief that supported a zoned benthos, with winnowed Falcarenites
between, possibly similar to mudbanks in south Florida which

have organism community zonations (e.g.: Turmel and Swanson, 4

1969). Some grainstone beds were likely deposited by major

storms as single events.

SECONDARY LITHOLOGICAL FEATURES .
Channels
Throughout the entire St. George Group measured in

wvestern Newfoundland, only one example of a major grainstone-
filled channel was found. At the base of the Catoche Formation,
on both the north and south sides of Barbace Cove, Port au Choig_
gPeninsula, 1.9 metres of grainstone grade laterally to
lithotope E (intertidal shelf facies). By reconstruction,

;

the contact is linear, trending NE/SW, slightly

oblique to the sea~cliff, and the unit is at least tens of

- metres wide and at least 700 metres in length. In vertical




23

order, the sequence consists of: (1) 0.4 metre of herringbone
cross-bedded intraclast and intraclastic grainstone, (2) 0.3
metre of thinly bedded nudstone, grainstone, and dolostone
with scour and fill structures and scattered U-shaped burrows
(lithotope D), (3) 0.8 metre of herringbone cross-bedded
intraclast and intraclastic ¥yrainstone, (4) Ol2 metre of
burrow-mottled mudstone, and (5) 0.2 metre of herringbone
cross-bedded intraclastic grainstone. The intraclasts are
both mudstone and grainstone, sometimes fossiliferous, Flat
and rounded, and commonly imbricated (Fig. 3F). Many cross-
beds have scoured bases, and many are normally graded with
large.intraclasts at the bases, The sequence 1is overlain by
lithotope ¢ (subtidal shelf facies).

Although only one margin of this lithotope 1is exposed,
it 1s likely a narrow iinear channel because herringhbone
cross~stratification indicates reversing current directions,
unlikely to occur in a sand bank or shoal. The channel was
intermictently'the site of strong current activity, giving
rise to steeply dipping beds exhibiting grading and imbricated
pebbles. During more quiescent periods, bioturbated mudstone
and rocks similar to lithotope D were deposited. It is dif-
ficult to estimate the amount of compaction of laterally
equivalent lithotope G, but undeformed burrows suggest that
there was little and that the channel was not very deep.
This contrasts with deep modern subtidal chan;els (e.g.: Davies,
1970a) cut into seagrass-stabilized sediment. This may indicate

that the Lower Ordovician subtidal sea bottom Gas oot cohesively

bound by algae or rooted organiams (even though seagrass only
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c;olved at the end of the Mesozoic (Brasier, 1975).
0o1ds

Ooids, coated grains and oolitic untts are present 1in
;he St. GCeorge, though are comparatively rare in comparisgon
with Cambrian rocks of western Newfoundland (Lévesque, 1977).
Oolite beds are less than 0.2 metre thick, usually cross~
laminated often with rippled tops, and occur within lithotopes
A, D, and E, that® is, within intertidal and supratidal facies,
Those occurring within the supratidal facies are frequently
sllicified. *

Oolite shoals of large pProportions, such as those of
the Bahama Banks, did not develop probably because hydrodynamic
conditions on the lLower Ordovician continental shelf were
unfavourable. Using Shark Bay and the Persian Gulf as better
analogues, it isg Suggested that local, thin patches of ocolites
formed in scattered areas marginal to or on tidal flats,
around promontories, in agitated bays; or at the mouths of
small tidal channels. Many of the oolite beds appear to have
been deposited as single events onto .flats, probabxy by storms,
short distances from their Place of generation,

Exgggrites

Evaporite minerals are entirely replaced by other
minerals, except for microscopic vestiges. All evidence
indicates that evaporite Precipitation was vefy minor and
local in its occurrence in the St. George. Collapse breccias
occut only at one horizon and may have beén caused by dis-

solution of underlying evaporite beds. Three groupings of

replaced evaporites are described: (1) dolomitized laths,
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(2) dolomitized nodules, and (3) silicified .anhydrice.

Dolomiti}ed lath§ ~ In lntertldal lenticdular bedded dolostones

(lithotope D) in the Isthmus Bay Formation at Eddies C(Cove
>

West, scattered lenticular beds contain dolomite rogsettes

interpreted to be dolomitized evaporite laths (Fig. 4a). »
The rosettes are.parallel to bedding, average about 3

centimetres in diameter, and are composed of radlati;g

needle~-and lath-shaped aggregates of coarse Eolomite, up

to 2 centimetres 1in length and several millimetres in ui;zh.

The evaporirte mineral, probably anhydrite, grew locally in
lensgz‘ETNefdimentp during periods of extreme desiccation

on a tidal flat.g The lenses of grainstone may have been

sealed by mud drapes that Prevented groundwater replenishment,

Dolomitized nodules - In the Aéuathuna Formation at Aguathuna
Quarry is a unit of cryptalgal laminite containing elongate

pods, up to 25 centimetres in length and 10 centimetres in

width, of fine-grained dolostone (Fig. 4B), With the pods

are discontinuous layers and possible mudecrack infillings;

the margins of the pods have shrjinkage cracks, aré irregular

and compacted by soft-sediment defermation, Cryptalgal .
lamination is degormed around the pods. The above.gharacteriatics
indicate that th; pods formed within soft, unlithified sediment,

and they are tentatively'lnterpreted to be dolomitized

evaporites.

Silicified anhydrite - Silicified evaporites are the most

common evidence of evaporites in the St. George. Abundant

laths of quartz, 500 microns in length and 30 microns in
)

width occur in mudstones in a subaerial rubble horizon 1in
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FIGURE 4

EVAPORITES

Bedding plane view of dolomitized radiating anhydrite laths in a
lens of lenticular bedded lithotope D. Scale in cm; Isthmus Bay
Fm.; ECW-77. )

Vertical view of dolostone pods interpreted to be replaced eva-
porite nodules, showing soft-sediment compacted seams and crypt-
algal laminae around the pods. Aguathuna Pn. ; AQ-11.

Vertically oriented slab of chert nodules replacing enterolithic
anhydrite replacing cryptalgal laminite. Scale in cm; Aguathuna
Fm.; 1B-332.

Vertically oriented slab of chert pebble lag in dolostone, The
white chert pebbles are replaced evaporite nodules. Scale in cm;
Isthmus Bay Pm.; BH~-124. N

|
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the Aguathuna Formation norfhwft of the Gravels. A horizon
of discountinuous chert layers 1 centimetres thick that contain oo
microsco.faic relic dusty inclusions outlining a primary felted
lath textu're occurs in the Aguathuna Formation at Table Point.

Isoloated chert nodules and beds of coalesced nodules (Figs. 4C,

4D) similar to enterolithic anhydrite occur vithiﬁ‘ cryptalgal
laminites in the Aguathuna and the lowermost part of the Isthmus
Bay Formations, Algal laminations are deformed around the chert.
Examples of all these st.ructures were examined petrographically
and contain relics of anhydrite textures. In the upper part

of the Isthmus Bay Formation at Boat Harbour is a chert pebble
horizon; the pebbles are replaced evaporite nodules and have
relic felted texture. Other" occurrences of chert nodules and
geodes in the St. Ceorge cannot be proven to be of an

evaporite origin, especially when they replace subtidal
limestones unlikely to have been affected by hypersaline

vaters.

Hardgrounds

Corrosion surfaces or hardgrounds are found in scattered
horizons in the Isthmus Bay and Alguathuna‘l"ormations. AThey
are commonly within grainstones of lithotopes D and E
(intertidal facies), and on mudstone and wackestone surfaces
of lithotope H (subtidal facies) in the Isthmus Bay and -

FAguathuna Foxmations. Allochems and cement (synsedimentary
radial bladed caicite) are planed off (Fig. 5A), and.the
surfaces in places are penetrated by microborings. In some

grainstone seguences, multiple corrosion surfaces occur to-

gether, separated by less than a centimetre of sediment.

O etk 4 s




28

Corrosion was by abrasion because the surfaces are not pitted.
The rare lithified mudstone and wackestone surfaces probably P |
developed in the gubtidal zoﬁe in a similar manner to modern
hardgrounds such as those of the Persian Gulf (Shinn, 1969)

during periods of little sedimentation.

In the middle part of the Isthmus Ray Formation on Port
au Port Peninsula 1s a horizon (Figs. 5B, 6) interpreted to
have been a potholed surface somewhat similar to those of
modern limestone coasts. The~sequence consits of 4 consecutive.
units or events: (1) 0.1 metre of fenestral cryptalgal laminite
erosively overlain by patches of light-coloured cross-laminated
peloidal and intraclastic grainstone cemented by synsedimentary
radial bladed calcite. The top of the grainstone 1s a
scalloped corrosion surface, (2) initiated on the scalloped
graingtone and eroded cryptalgal laminite ‘are ‘thrombolite
mounds 0.4 metre thick and up to 0.3 metre in diameter,
flanked by dark-coloured peloidal and slightly oolitic grain-
stone, cemented by bands of synsedimentary radial bladed
cement and spar cement,and containing flat-pebble intraclasts
and small blocks of the underlying grainstone and crypt- (/
algal laminite. The dark-coloured grainstone 1s 0.2 metre ﬁ
.thick, andhfts top 1is a planar corrosion surface that also
has planed off ﬁarts of the thrombolites, leaving eroded
pillars. (3) between the pillars of thrombolite mounds 1is
grainstone that is itself eroded out in most places and re- S
placed by a fourth generation greinstone that is light-coloured,
containing synsedimentary marine cement and abundant cfyptalgal

intraclasts. The light-coloured grainstone involved the most

\
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Figure 5

HARDGROUND AND - FALEOKARST HORIZONS

Vertically orfented slab showing two corrosion
érrowed) in an intraclastic grainstone sequenc
Isthmus Bay Fm.; IB-84.

surfaces (hardgrounds)
e. SScale in cm;

Outcrop of eroded thrombolite mounds (outlined by black line)

interpreted to have been a potholed surface. Photograph corre-
sponds to left half of outcrop sketch Fig, 6. Lens cap (bottom
centre) 6 cm across; Isthmus Bay Fm, ; IB-133-135.

Bedding plane view of'rounded solution runnels (Rundkarren). Lens
cap 6 cm across; Isthmus Bay Fm.; BH-124.

Vertical view of dolomitized collapsed brecciated cryptalgal
laminite (gee outcrop sketch Fig., 7). Isthmus Bay Fm.; IB-19].

Vertical view of subaerial rubble horizon showing angular lime-

stone fragments in shaly matrix. Leas cap 6 cm across; Aguathuna
Fm.; NEG-~12.
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POTHOLES

Figure 6: Outcrop sketch of potholed surface eroded into unit of thrombolite mounds, Isthmus Bay

Formation, Isthmus Bay.

i - grainstone 2
//y ~ grainstone 1
W - fhrwboiite mound

—— -~ algalaminite

BP-79

Horizontal scale slightly foreshortened. IB-133-135.
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erosion of the thrombolitic pillars. (4) the tops of the
throwmbolite mounds were planed flat and overlain by rocks
of lithotope F as patches of mudstone with burrows extending
down into the light-coloured grainstone, overlain by herring-
bone cross-laminated intraclastic grainstone. This sequence
records several evenfs of potholing and infilling that occurred
in the shallow sdbtidal and intertidal zone. The subtidal
thrombolite mounds indurated by algal binding and synsedimentary
cementation were most resistant to abrasion. Infilling grain-
Stones were indurated to a lesser degree by bands of early
synsedimentary cement and tended to be eroded out. These
surfaces are some;hat similar to the scalloped erosion sur-
faces described by Read and Grover (1977) from Middle
Ordovician limestones of Virginia and attributed to solution
by meteoric water. However, no-evidencé of solution is seen
here, and abrasion is interpreted to have occurred in the
marine environment.
Paleoka__£

There are only'a small number of horizons interpreted
to record periods of subaerial exPdsure and karstification
in the é&. George, other than brecciation of supratidal crypt-
algal laminites. Karst processes included solution
pit(lng{ collapse brecciation, and formation of subaerial
rubble.

Solution Pitting ~ Near the top of the Isthmus Bay Formation

at Boat Harbour 1s a 0.8 metre thick unit of medium crchalline

d0103tone containing in the middle a lag of chert pebbles,

many of which are replqced anhydrite nodules subsequently

R




Pits, 5 centimetres deep with steep but smooth walls (Fig. 5cC).

This surface is similar to.Rundkarren, Or rounded solution
runnels that commonly form on limestone surfaces under g
801l cover. There is no evidence of a4 sodl cover above this
horizon which is overlain by a thin dolostone seam, and it
1s uncertain whether the pitting develoﬁed on exposed or
covered carbonate rock.

apse on - Near the top of the Isthpus Bay

Brainstone and burrowed wackestone between them. The
depressions are filled with a dolomitized intraclastic grain-
stone, and where the mound bed, is missing, the underlying
cryptalgal laminite_unit is overlain directly by burrow-
mottled dolostane. The eroded mound unit and depression-
gilling is overlain by 0.7 metre of dolomitized cryptalgal
laminite that dips gently into the low where the mound

unit is missing. In the low, the cryptalgal laminite is
fractured and brecciated into angular blocks in a grainstone

matrix (Fig. 5D). The ¢ryptalgal laminite isg oveflain by a

floored by large rounded intraclasts (Fig. 7).
Erosion of the thrombolitlc,unit took place after at

least partial lithification, but it cannot be determined
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t':.'"-' & grains‘gne 2

grainstone 1
PALEOKARST a;c - burrowed dolostone

—— - algalaminite

“@). - thrombolite mound
é - brecciated algalaminite

1ite mounds overlain by collapse brecciated cryptalgal

Figure 7: Outcrop sketch of eroded thrombo
Horizontal scale slightly foreshortened. IB-189 192.

laminite, Isthmus Bay Formation, Isthmus Bay.
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whether the hummocky surface was due to subaerial, or
intertidal or shallow subtidal erosion. Collapse brecciation ﬂ |
of the overljing cryptalgal laminite into the lowest part may have ;
been due td'solution of evaporites but this cannot be

proven. This sequence of beds is probably correlative

with the pitted surface considered above from Bo;t Harbour, #
and an intraclastic horizon at Eddies Cove West.

Subaerial rubble - A 0.4 metre thick rubble unit in the

Aguathuna Formation crops out on both sides of the Gravels
separating Port au Port Peninsula from #ainland Newfoundland.
The unit is composed of a rubble of angular grainstone and
cryptalgal laminated clasts that are mostly tabular, in-a:

shaly (clay-rich) and mudstone matrix (Fig. 5E). Northwest

of the Gravels, the rubble passes laterally to buckled

mudstone and cryptalgal laminated beds forming tepee structures.
There is considerable silicification and chertification,
preserving anhydrite nodules and disseminated laths.

Northeast of the Gravels, some clasts have dn situ fractures
containing calcite spar cement and internal sediment of '

subaerial origin. The depressions on the surface between

the tepees are filled with cross-laminated intraclastic

éfainstone. This-horizon 1s not a solution feature, but ' %
1f does record subaerial exposure of lithjified beds‘and the
beginnings of soil formation, ﬁrobably caused by a slight
lowering of sea level. It may be correlative with a thin

conglomeratic horizon containing angular chert ffagments .

-

in the Aguathuna Formation at Table Point.
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LITHOLOGICAL SUMMARY

taenptm b

The different lithologies and lithologic features - 3
described from the St. Ceorge are all low energy
peritidal deposits. Three basic zones associated with
tidal flats are recognized: supratidal, {intertidal, and
subtidal, which are represented by 7 lithotopes, Lithotopes

intergrade with one another in some cases, and separation

andvinterpretatidn is necessarily. somewhat simplistic.
Supratidal rocks are cryptalgal laminated, and may

be associated in scattered cases with evaporites and
Subaerial erosion (karstification). Intertidal rocks are
complex and lithologically diverse, depending on the volume
of sediment, degree of bioturbation, and wave, current,.and ¥4
storm energy. Three types have been distinguished that
suggest three different but coeval depositional settings:
extensive intertidal flats op;n to direct currents and sediment -
from the open subtidal shelf, smaller and more protected
tidal flats deposited under varliable conditions of sedimentation,
currents streagths and directions, and bioturbation, and
further protected tidai flats where bioturbation exceeded
Sedimentation leaving no preserved sedimegtary structures.
The subtidal zone is represented by both shoal and’;uiet—

-water deposits. - Shoaling ;ccurred by growth of thrombolite
mounds. Quiet subtidal bottoms were sites of development

of a diverse benthic fauna on muddy bioturbated substrates

between small channels and areas of winnowed sand.

4
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The tidal interpretations presented here for the

St. George lithologies are similar in most cases to lithological

' interpretations of previous workers sgsuch as Matter (1967), e
* © ol
Laporte (1967), Walker (1973), and Schwarz (1975), and can H

be equated in part to numerous ancient siliciclastic tidal
sequences (such as examples in Ginsburg, 1975). The peritidal
nature of the lithologies indicates that the Lower Ordovician
shelf of western Newfoundland, despite 1its broadness, was

not tideless, as suggested for epeiric seas by Shaw (1964),
because accumulation of these rocks by processes not dominated

by tides and storms superimosed on tides cannot be substantiated.

REGIONAL CORRELATION

Approximate correlation of the Isthmus Bay Formation ¥

from Port au Port Peninsula to the Great Northern Peninsula
is possible on the basis of a distinctive subaerial exposure

horizon, trilobite biostratigraphy, and first appearances of

distinctive fossils such as the early coral Lichenaria and
archaeoscyphiid ;ponges (Fig. 8). Preliminary trikobite
, callections of D. Boyce (pers. comm., 1979) aand R.A. Fortey
(in press) suggest that the base of the Catoche Formation e
is diachronous and slightly older at Boat Harbour than else-
where. Occurrences of lithotope A (supratidal facies) is
marked on each column by horizontal bars, giving an indication
of "cyclicity" within each section. The lowermost part of

the Isthmus Bay Formation, which may 1include Upper Cambrian

rocks, 1s "cyclic" both at Boat Harbour and Port au Port.

This is followed in both places by subtidal and reefal units.
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The rest of the Isthmus Bay everywhere is more or legs

"eyelic"™. Despite faulting, 1t is probable that the Isthmus

-
Bay Formation oft Port au Port Peninsula 1is truly ‘thicker l
than further north,
The Catoche Formation is slmilar in character in mosat
eéxposures, being composed of lit?otopes F and G (subtidal L

shoal and shelf facies) with scattered thin units of lithotope B

(dintertidal flat facies). However, the lower half of the

Catoche at Port au Porr 1is composed of lithotope E (intertidal
sﬁelf facies), and at Hare Bay the entire formation is lithotope G
(subtidal shoal facies). Hare Bay may have been the site of
shelf-margin shoaling and reef development during the Catoche
time. The Catoche is estimated to be about 135 metres thick in
the north, and about 165 metres thick in the south, Thicknesses
«in Lévesque (1977) of 206 metres at Port au Port and éapproximately
190 metres at Eddies Cove West are in error becsuse the large
covered intervals were overestimated. '
) The Aguathuna Formation ig not exposed at Boat Harbour,
but eppears to be less than 10 metres thick at Eddies Cove
West. It is 75 metres thick at Table Point (Le’vesque, 1977),
aand 55 met‘res thick northwest of the Gravels c:'n Port au Port
Peninsula. The thickness at Hare Bay appears to be gbout
10 metres (N.P. James, pers. comm.,. 1978). Besaw (1973) and
F. Manns (pers. comnm., 1978) not;d that the "cyclic"” nature
of the Aguathuna Formation 1; not present in the western part
of Port au Port Peninsula where it ig interbedded limestone
and "buff doloumite mudstone" (Ssav, 1973). This may be

due to hydrodynamic influences Tought about by the configuration
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of the shelf margin to the east and south of Port au Port
Peninsula: a re-entrant 4n the shelf margin may have been
present.

The three subdivisions of the St. George indicate that
the St. George was deposited in one major transgressive-
regressive cycle that culminated in subaerial exposure of
the continental shelf before deposition of the Table Head
Group. This is broadly similar in depositional style to
Lower Ordo)vician rocks ’elsewhere in the Appalachians such
as the Beekmantown Group Maryland (Sando, 1957). The lower
Member of the Stonehenge Limestone is similar to the lover,
subtidal, part of the Irsthmus Bay Formation. The Upper '
Member and lower Rockdale Run Formation are similar to the
upper part of the Isthmus Bay. The Dolomite Member of the

.

Rockdale Run Formation is similar to the Catoche. The Pines-~

burg Station Dolomite is ljthologicaly similar to "cyélic"

Aguathuna Formation.

LATERAL VARTIATION

Sections of the Aguathuna Formation measured on both
sides of the Gravels connecting Port au Port Peninsula to
mainland Newfoundland are two kilometres apart.‘ The two
sections can be correlated by means of a rubble horizon
of subaerial origin assumed to be common to both (Fig, 9).
The rubble horizon in each sectién is sufficiently distinctive
that it probably\aas not a local exposure horizon, and may

even be correlative with a similar horizon at Table Point.

As well as this, aglternate correlations suggested by lithotopes
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that may have been laterally extensive for at least two

kilosézies are less likely because that iﬁply too great a

relief of the St,. George - Table Head contact, inconsistent

with observed relations elsevhere. Nevertheless, regardless

of the way in which the sections are correlated, noticeably

few lithotopes are traceable without change across the dig-
tance, illustrating that lateral facieg transitions occurred
over short distances. The two sections have not been differently
compacted because some lithotopes can be correlated directly.
This permits the usge of toothad lines in places to indicate
facies shifting, No consistent landward direction 18 indicated
by the pattern of facies changes between the two sections.

FACIES SEQUENCES | \j
Eariier studies of shailow—water carbonates have shown

that vertical sequences can be explained by means of logical

idealized shallowing;upward cycles using "end-member" subtidal

and supratidal facies as bounding styles of deposition

(James, 1977). The vertical distribution of lithotopes

(facies) of the Isthmus Bay and Aguathuna Formations was _ -

plotted (Fig. 10), and inspection shows that ideal shallowing-

upward cycles are rare in the sequence of repeated vertical

oscillations. This indicates that there was considerable

lateral variation of facies vhich did not give rise to ideal

cycles after progradation and accretion. The style of

oscillation of lithotopes differs in various parts of the

sections, and based on visual ingpection of the plots, the

St. George can be divided 1into a lowermost Isthmus Bay
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Figure 10: Plots of the distribution of lithotopes for each measured section wif:h the lithotopes arranged
vertically, approximating their relative dépths: supratidal at the top and subtidal at the bottom. The
triangular arrow in the lower Isthmus Bay section marks the level of the first Ordovicilan fossil.
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Formation (west of Green Head, Port au Port Peninsula, that
likély includes Upper Cambrian strata), upper Isthmus Bay
(beginning east of Green Head, j;st west of the fault of
unknown throw), the (upper) Isthmus Bay in the Eddies Cove
West—Port»au Choix area, and the Aguathuna Formation. The
Isthmus Bay at Boat Harbour is too éiscontinuous and faulted
to be used. The Catoche Formation 1is simply lithotopes D,
E, F, and G in a non-cyclie pattern.

For each subdivision, a matrix was constructed showing
the over- angd undgrlying rélationships for each lithotoPe
(Fig. 11). The most common vertical contacts were used to
construct lithotope sequences that portray the common vertical
associations of two or more lithotopes {Fig., 12). The
lithotopes drawn to one side are those that occur less commoqu
in the sequence, The sequences are not single shallowing- or
deepening-upward cycles but may contain several supratidal
levels. Contacts éetveen lithotopes were found to be of

little importance in this approach because all shifts involved

changes in degree of bioturbation and bottom scour.

FACIES MODELS
The rarity of simple shallowing~upward cycles and the
complexity of the facies Sequences indicates that there was
considerable lateral variation of facies. Depositional
facies models can be suggested using Waithet's Law, because
there are no significant breaks in the section, and reworking
of underlying facies or lack of deposition due to rapid

shifting presents no problem.
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Two basic mode;s of shallow-water carbonate gedimentation
on a continental shelf can be congidered: a‘:horeline model
and an island model. The shoreline model for the St. Ceorge
is rejected because extensive land surfaces do no occur in
the section, dep;sition took place at a great distance from
crystalline basement (Precambrian Shield), siliciclastics
are lacking, and consistent'landvard directions are not
indicated by short distance correlation of the Aguathuna
}ormation. The continental shelf during Isthmus Bay and
Aguathuna times 1is envisaged as a quilt of low-relief intertidal
banks and/islands vhose continually exposed surfacesvwere
covered by algal mats. Islands Probably had dimensions of
several to at most 10 kilometres, Judging from facies changes
observed across fhe Gravels. The distribution of facles
aroynd 1slands and banks would have varied from place to
place, and would have altered as islands and banks accreted.
The shapes of islands and banks 18 unknown, and paleocurrent
measurements do not render a consistent orfentation. The
spaci;g of islands probably varied, Judging from the commonness
of lithotope G (subtidal shelf facies) in the section. For
instance,.the 8equences constructed for the lower Isthmus Ray
Formation on Port au Port Peninsula and the Isthmus Bay on
the Great Northern Peninsula show that lithotope G occurred
iﬂfréquently, suggesting that there were not extensive subtidal

areas between iglands and banks and that lateral shifting of

facies occurred rapidly preventing accumulation of thick

units of lithotope G.
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In the lowermost part of the Isthmus Bay Formation, |
islands and banks were probably small because of the rarity. : v ?
of lithotope'E, and may even have been interconnected. The
upper Isthmus Bay was more complex and the presence of
1i£hotope E, F, and G and rartity of lithotope C suggest that
islands were larger and subtidal aréas present between thenm.
shoaling was more cowmmon in subtidal areas on the Great

, Northern Peninsula. The Catoche For;ation consisted of
subtidal low-relief mud banks, with periodic accretion to
intertidal condftions as evidenced by the thin nodular and
dolomitic horizons. Shoals of thrombolite mounds also ]
developed periodically, except to the west in Hare Bay which
was entirely a shoal complex. The lower half of the Catoche
on Port au‘Port consists of lithotope E. Islands and banks
during Aguathuna time were probably also small but with
more extensive subtidal areas between. Simplistiec hypothetical
fac%es maps of the islands are suggested on the basis of

the lithotope sequences (Fig. 13).

ORIGIN OF "CYCLES"

The lithotope sequences and thicknesses seen in outcrop
are related to a number of factors: (1) bias of t$e outcrop
preserving the paleogeographic site of depositioﬁ. (2) rate .
of sediment accumulation (dependent on hydrodynamic influences
on sediment accretion), aad (3) rate of sea level rise, or
subsidence. Pacies shifts are caused by progradation and
regradation of environments during subsidence or sea level

rise. Sedimentary cycles and lithotope oscillations can be

-
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produced on a subsiding shelf such as the Lover Ordovician
continental shelf, by varying both the subsidence rate and

the rate of sediment accumulation. Subsidence rate has a
regional effect, but sediment accumulation is a local
phenomendn. Five bagic Aypothetical patterns of sediment
progradation and reg}adation are proposed by cons#dering
either subsidence or sedimentation (1e2 sediment accumulation)
rates, holding one or the qther constamt (Pig. 14), Actual
Patterns are more complex because the hypotheticql cases

deaL only in two dimensions, simply‘sub~, inter-, and
supratidal deposits, whereas the St. George has considerable
three-dimensional variation. Alterpate processes can theoretical-
ly explain each pattern: (1) alternating slow and sudden
subsidence (with constant sediaent supply) or alternating

high and zero sedimentation rate (with constant subsidence),
(2) alternating rapid and zero subsidence or alternating slow
and very high sedimentation, (3)-alternating slow and zero
subsidence or alternating high and very high sedimentation,
(4) alternating rapid and sudden subsidence or alternating
slow and zero sedimentatioﬂ rate, and (5) alternating rapid
and slow subsidence or alternating hjgh and slow sedimentation.
Situation (1) produces asymmetric cycles and situation (2)
produces symmetric cycles. In only situations (2) and (3)

can the paleotidal range be measured from the thickness of
intertidal units as outlined by Klein (1973). Asymmetric
cycles have been called "punctuated aggr#dj\ionnl cycles”

by Anderson et al. (1978) to imply that they formed in

episode of zero subsidence followed by sudden subsidence.
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The same type of cycles ("autocycles” of Ginsburg) have been
attributed by Mossop (in Kendall, 1978) and Ginsburg ( in
Bo;ellini and Hardie, 1973) to progradatioﬂ of sediment wedges
during continuous subsidence unti]l sediment supply 1s choked
off and hydrodynamic forces#;hift the focus of sedimentation
to another area, and the cycle repeats.

The kolloving observations of the Isthmuys Bay and Aguathuna

Formations indicate that episodic subsidence does not account

for the repetition and oscillation of lithotopeg, Buc rather
they formed as a response to local sediment supply on a shelf
that was subsiding more a@r less constantly: (1)<ideal sharply-
bounded as;mmetric cycles are not the rule and (2) shallowing
and deepening events are, not traceabhle even ové,)ihort distances
(e.g.: 2 kilomeireé across the Gravels). Minor fluctuations
in subsidence rate would bhe expected to have occurred, but

do not seem to have been enough to produce ch:racteristic

cycles traceable over long distances. The Isthmus Bay
Formatlg(’is thickest in the Port au Port area indicating <
total ;;bsidence was greater there than on the Great Northern

' Peninsula. Five subsidence events, howeyer{ seem to have
affetted the St. GCeorge on a regional scale: ‘the development

of subtidal reef complexes in the lower part of the Isthmus

Bay Formation, subaerial exposure 1n’1ﬁe upper part of the
Isthmus Bay, the advent of the Catoche Formation (where
subsidence rate increased and subtidal conditions wvere largely

maintainéd),subaerial exposure in the Aguathuna Formation, and

subaerial exposure of the top of the St. Ceorée (see Chapter 5).

;!
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CHAPTER 3 - CRYPTALGAL STRUCTURES

INTRODUCTION

Cryptalgal structures occur abundantly throughout the
St’, George Group, and range from Sstromatolites, to throm-
bolites, to c{-yptalgal laminites, to oncolites (Aitken, 1967).
Cryptalgal structures are divided here into laminated and
unlaminated categories, thrombolites comprising the latter.
In this chapter, the morphology of each type of structure
is documented and related to sedimentological bilological,
and diagenetic factors. Cryptalgal microstructures are
deacribed and a classification ig Proposed. The 1internal
Structure and framework of 2 unique Lower Ordovician algal-
metazoan reef complex 18 analyzed in detail. Algal remains
associlated vith cryptalgal structures are also deacribed.

Li,nnean nomenclature has been used for stromatolite
classificatlon, especially Precambrian forms, but disagreement
on the validity of taxonomic subdivigion into form- genera
and form-species prompted the English language anacronymic
classification of shapes of Logan e et al, (1964). Aitken (1967)

——

found this scheme Partly inadequate and Proposed a four-fold

<

>
classification: cryptalgal laminite (algalaminite). oncolite,

" stromatolite, and thrombolite. The term “stromatolite" was

restri.cted to fixed bodies with non-planat lamination. Two

broad categories of stromatolites are recognized here:

hemiapheroidal and columnar. _ Columnar forms are arbitrarily

,considered to have a high thickness to diameter ratio of

simple hemispheroids; columnar Stromatolttes usually occur

together foraing stromatolite mounds or bioherms.
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Aitken (1967) introduced the term "thrombolite” to
refer to mounds in which the unla‘minated cxryptalgal material
posgsessed a macroscopically clotted fabric, with the clots
commonly elongate upwax“ds like columnar stromatolites.

Use of the term "thrombolite" to refer to mounds made up of

clots 1s inconsistent when the term "stromatolite" is used
to refer to heads or columns that may form mounds. Therefore,
"thrombolite" .is redefined here: a thrombolite ia a cryptalgal

structure of variable but usually columnar shape, that

may branch and anastmcﬁe, that lacks a distinctly laminated

microstructure, and that usually occurs in groups forming
mounds or bioherms. Structures intermediate between thrombolites .
and stromatolites occur but are comparativély rare, and
Aitken's (1967) "thrombolitic stromatolite" is not used 1in
this study for the sake of simplicity, and an arbitrary
separation {s made. 1In some large mounds, however, both
types can occur together because conditions controlling
fabric varied across the mounds.
LAMINATED STRUCTURES

Stromatolites

Hemispherodidal stromatolites - Hemispheroidal stromatolites

only occur in the Iathmlls Bay and Aguathuna Formations.
Laterally-linked hemispheroids (Logan et al., 1964) ¢:rccur
in three styles: (1) .broad low-reljef domes, 0.5 to 1 metre
in diameter and less than 0.5 metre thick, that develop from
undulating cryptalgal laminites, (2) hemispheroids up to

0.2 metre in diameter, that occur as discontinuous beds
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within intertidal lithologies (1ithotope D) (Fig. 16A),

and, rarely, (3) hemispheroidal caps on thrombolite mounds.
Stacked hemispheroids (Logan et al., 1964), though not ideal
geometric stiructures, can be classed into five ahapeé (Fig. 15):
(1) domes with constant radius and no walls (Fig. 16B),

(2) domes with upward-increasing radius and walls, (3) domes
with Ilncreasing radius and no walls (Fig. 16C), (4) domes

with constant radius and w;alls (Fig. 16B), and (_5)»donés with
internal wavy laminations,

Compound stromatolites are produced when internal wavy
laminations can arbitrarily be said to form laterally-1inked
hemispheroids. Compound stromatolites are larger than simple
hemispher{oids, with a maximum diameter of 5 metres and plan’
view ranging from simple elliptical shapes to large lobate
mounds (Figs. 16D, 184a). Topographic relief is greater in
these than in simple hemispheroids, as shown by tracing
individual laminae around the mounds. Internally, they consist
of a combination of'stacked and laterally-1inked henisﬁheroida

of wvariable diameters, which are themselves often composed

of *avy l-alginat ion.

Because hemispheroidal stromatolites developed in the
intertidal zone, they were sometimesg exposed to erosion.
A particularly g(;od exampie of this occurs at the top of the
Isthrus Bay Formation at Boat Harbour where stromatolite
domes with upwar'd—increasing radius and overhanging walls
encrust eroded remnants of‘thrombolite mounds. The tops of

the domes are planed off, and covered by undulating cryptalgal

laminite, (Figs. 17, 18B).




Figure 15: Types of
with constant radius
radius and no walls;
compound lamination)

stacked hemispheroidal stromatolites that occur in the St. George. (1 = domes
and no walls; 2 = domes with increasing radius and walls; 3 = domes with increasing
4 = domes with constant radius and walls; 5 = domes with internal wavy or



FIGURE 16

HEMISPHEROIDAL. STROMATOLITES

Bedding plélne view of laterally-linked hemispheroidal stromatolites.
Lens cap 6 cm across; Isthmus Bay Fm.; IB-115.

Vertically oriented slab of cryptalgal laaminite doming to laterally-
linked hemispheroidal, to stacked hemigpheroidal stromatolites
(types 1 and 4: constant radius, with and without walls). Scale
in cw; Isthmus Bay Fm.; ECU-{

Vertically oriented elab of stacked hemispheroidal stromatolite
(type 3: increasing radius, without walle). Scale im cm; Isthmus
Bay Fm.; IB-200.

Bedding plane view of lobate mound (4 w across) of compound
(laterally-linked hemispheroidal) stromatolites. Aguathuna Fu. ;
NEG-5. o ‘
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EROSION OF STROMATOLITES

Figure 17: Sequence of development of eroded cryptalgal structures, upper Isthmus Bay Formation, Boat
Harbour.
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FICURE 18

HEMISPHEROIDAL AND COLUMNAR STROMATOLITES

Vertical view of small mound of compound (latérally-linked and
stacked hemispheroidal) stromatolites. Lens cap, on left edge
of photo, 6 cm across; Aguathuna Fm.; 1B-324.

Vertical view of eroded 10 cm diameter thrombolite mound en—
crusted by overhanging stromatolite which is planed of f and

overlain by laterally-linked hemispheroidal ‘stromatolites,
Isthmus Bay Fm.; BH-144,

Exhumed circular and coalesced lobate mounds composed of columnar
stromatolites (see Fig. 19B). Isthmus Bay Fm,; BCW-41.

Vertical view of dolomitized columnar stromatolite mound flanked
on the right by intraclastic grainstone. Arrow points to out—
ward inflexion of stromatolite columms. Coin 1.9 cm across,
Isthmus Bay Fm.; IB-80.
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Columnar stromatolites - Columnar stromatclites are simple

hemispheroids, with a large height to diameter radius that|
usually branch, in a gymnosoleniform (terminoclogy of Hoffum

1977) or digitate and slightly dendroid (tesminology of Hof.ann,
1969) fashion (Fig. 19). The closely spaced columns are

convexly laminated, between 1 to 2.¢cntimetres in width, and}
circular to irregularly lobate in plan. 1In lohgltudinal |
view, columns yary fromn those with Qniform diameters to thosﬂ
with irregular margins and w?dths. The trend to columns vith‘

|
irregular margins coincides with the trend to less distinct !

lapination and marks the change to thrombolites. Xl
Columnar stromatolites form mounds up to 1 metre thick ¢
and 2 metres in diameter, sometimes coa%escing to larger lobate
mounds several metres in diameter (Fig. 18€). Exhumed mound
upper surf#cea are knobby. Sediment between columns is usually
mudstone and finely peleoidal grainstone, ;nd between moynds
is thin-bedded intraclastic and pelaidal grainstone that
rarely contains fossils or burrows (Fig. lbD). Mounds with
forms transitional to thrombolites contain more fowsils and
burrowas. Larger intraclasts are often colleéted in narrower
channels between mounds. Overlying and underlytng bed; are

of the intertidal flat facies (lithotope D).

Aberrant Forms - Stromatolites posasesSing unusual morphologies

not readily categoriQed in the above subdivisions occur in the
Isthmus Bay Formation at three localities. All are columnar
in shape, with laminated, nearly vertical walls.

In units spanning thé Cambro-0Ordovician boundary at

Boat Harbour, closely spaced, dolomitizgd strbnatolites 1.2

P U AN

e st 12
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FIGURE 19
COLUMNAR STROMATOLITES
Small branching columnar Stromatolites. Scé4le in cm; Isthmus
Bay Fm.; ECW-75.
Light~coloured anastomosing columar stromatolites from large
(1 w diameter) mounds (see Pig. 18C). Scale as in A; Isthmus

Bay Fm.; ECW-41.

Tracing, with eimplified lamination, from vertically oriented
slab of columnar stromatolites. Isthmus Bay Fm.; IB-118.

Tracing, with gimplified lamination, from vertically oriented
slab of columnar stromatolites. Isthmus Bay Fm,; IB-122,

-
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metres high and about 0.4 metre in maximum width have vertically
laminated walls and unlaminated axial zones (Fig. 20A). They
are not perfect cones and the walls flex inward in stages.

They are similar in form to the Precambrian form—genus‘Conthzton,

differing in the nature of the axial zones, Or to an unbranching

type of the Precambrian form-genus Jacutophvton.

In the lower part of the Isthmus Bay Formation on Port
au Port Peninsula is a umit of unusual columnar scromatalite
mounds 1.5 metres in diameter and 0.4 metre thick. At the
bases of the mounds are clumps of Conophyton-1like conical
stromatolites 15 centimetres high and 4 centimetres wide
(Fig. 20B). The laminated walls can be termed very acutely
inflexed (terminology of Hofmann, 1969) and the axial zones
are poorly laminated.

In the Isthmus Bay Formation at Eddies Cove West, aberrant
stromatolites form the cores of thrombolite mounds 1.4 metres
thi¢k and 1 metre in diameter. The stromatolites have a
maximum height of about 0.4 metre. In plan view, tpey have
an Lntercounecting cerebral pattern of vertically laminated
walls up to 4 centimetres thick, that grade to unlaminated

(thrombolitic) axial cores of irregular cross-section (Figs. 20cC,
D). The interstices between walls are filled with mudstone

and peloidal grainstone containing burrows. ‘fhe whole structure
has a cerebrbid or convoluted boxwork nature, and isolated
columns are not formed. Ooids occur in associated graiustones
and thrombolites.

Discuesion - Stromatolites accrete by the episodic but regular

influx of sediment ontobpredOIinatly blue~green afgal mats,
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FIGURE 20

ABERRANT COLUMNAR STROMATOLITES

Vertical view of large dolomitized conical stromatolires with
inflexed vertically laminated walls and uﬁiaminated axial zones,
Pocket knife 9 em long; lathmus Bay Fm.; BH-10.
Vertically oriented slab of conical stronatoli:e vith thin un-
laminated axis. The upper part of the stromatolite has been
removed by stylolitization, agd it is surrounded by coarse dodo-
mitized grainstone. Scale in cm; Isthmus Bay Fm.; 1B-81.

Bedding plane view of cerebraid boxwork of'datk—colouredistro—
matolites and light-coloured internal nwudstone sediment. lens
cap 6 cm across; Isthaus Bay Fu.; BCH-Bé. . .

Horizontal and vertical tracing from slab of cerebroid boxwork
of C (black=thrombolitic axes; parallel lines=simplified stro-
matolite lamination; stipled=internal sediment).

B
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sedimentary eventg being preserved as single laminae. Some

previom;s workers have discussed the environmental controls

on ancient stromatolite morphology (e.g.: Logan et al, 1964;

Aitken, 1967; Horodyski, 1977; Semikhatov et al., 1979),

but recently there has ﬁeen more emphasis on possible influences

of the microbial composition of the algal mats (Semikhatgv v’//\

et al., 1979). \

Growth of algal mats and eventual formation of stromatolites

requires Protection from strongly erosive 8COur. The hemi-
spheroidal stromatolites of the St. George are interpreted

to have formed in the intertidal zone because ;of"the associated
sediments which possess all the attributes of ;intertidal
deposition, including mudcracks, sporadic burxows, and bedding
types. The change upward from cryptalgal laminites (interpreted
to be of supratidal Or uppermost intertidal origin) to laterally-
linked hemispheroids suggests a deep’ening shift to intertidal
.conditions and a slight increase {n turbul,ence and resultant
scour which would promote the development of domes. Laterally-
linked hemispheroids may have in some cagses formed in very
shallowv ephemeral tidal pools as well 88 on éxposed flats.

The morphology of stacked henispheroids can be expilined
by_varying the gsedimentation rate anc_l length of time betveen
periods of sedimentation. The development of stacked hem{-

.
sphexoids with walls suggests that sedimentation rate {(on the
surrounding substrate) was less thnn that around hemispheroids

Hithout walls because the bases of the former stromatolites

are mot covered and they had a higher synoptic relief.

Incrensing radius would suggest longer 1ntervals of time
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between sedimentation events which would allow lateral expansion
of algal mats durir;g successlive quiet spells.
-

The formation of stromatolites or mounds of laterally-
linked and stacked convex lamination is probably related
Primarily to turbulence and resulting scrour which would have
promoted doming. Domes would have been wmaintained by greater
sediment accretion on dome crests (Logan et al., 1964).
Compound lamination .could result also 1n part from maintenance
or enhancement, during growth, of underlying surface {ir-
regularities thatr result from small accumulations of coarser
particles in depressions. La:ger nound‘s tended to form
probably because of high sedimentation rate onto the mats
but with less overall accumulat.io'n of unbound detritus in

flanking bedé.

Columnar strematolites seem to have developed when
henispheroidal stromatolités gfew at a rapid pace because
of a high sedimentation rate both on the mat surfaces and
arou them as the synoptic relief remained more or less
const#nt. Columnar stromatolites are interpreted to have
formed in the lower intertidal and probably sometimes shallow
subtidal zones,- to account for the necessary high sedimentation
rate but rarity of.“‘butrov:lng and fossil debris. 1Isolated
mounds probably formed because sediment lodged in the protected
areas between the columns, and scour was focusgsed 1t;to
intermound areas. Branching and ansstomosing likely occurred
when mats exlp‘anded. laterally wvhen unbound detritus accumulate

. -
between colxknns, and when mats were constrained and column

inheritance (Hofmann, 1969) interrupted by sediment

-
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accumulation on mat surfaces. Spacing between columns
tends to be rather constant, probably because scour was
always focussed onto unbound areas between mat surfaces.
Forms similar to the rare, aberrant, near-vertically
laminated stromatolites do not appear to have beeg)previously
reported from Phanerozoic rocks, The form-genus Conoghzton
is similar to the aberrant conical forms, except that the
latter do not have well-developed erestal zomes in the axial
area, an essential character of Conoghzton_ (Walter, 1972). *
The poorly laminated or thrombolitic axial zones prubabiy
result from a less even sediment coating, irregular algal
grqwth and sporadic burrowing. This is in contrast to the
well-laminated column walls that grevw. upwards and outwards.
The aﬁtuai height or synobtic relief of these structures
above the surrounding sediment was considerable .in relation
to their diameters. In the cerebroid boxwork structures
from Eddies Cove West, open spices lgft wvhere -the walls did
not meet were later filled with mudstone likely during growth
of the capping thrombolite mounds. The environmental
conditions under vhiéh the aberrant Btructures formed must
have been a rare and different combination compared with those
that led to grovwth of more typical stromatolites. The height

and lateral growth of the walls indicates low sedimentation

rate around the columns and cansistently episodic influx’

i of silt-sized peioida carried in suspension, probably in the

i shillov subtidal zone. The closely spaced columns were
proﬁpbly not affected by strong and directed turbulence and
. sgbuf\:nd grew not as simple comes but rather as an irregular
p . 4
v \\ - _ . . 1
\
\ .
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boxwork. Conditions favouring the boxwork Pattern 1likely
-— .
developed in a small protected subtidal lagoony Possibly

behind a small oolite barrier. b

Cryptalgal laminites

Description - Cryptalgal laminites are common in the Isthmus

Bay and Aguathuna Formations. Units of cryptalgal laminites
range in thickness from 0.1 to 1.5 metres.

Cryptalgal laminites are interlaminated mudstone and
finely peloidal grainstone, and are commonly dolomitized
to finely crystalline ferroan dolostone (Fig. 21A).
Laminae are of uniform thickness, are planar to slightly
undulating, drape over underlying irregularities, frequently
dome upwards forming low-relief hemispheroidal stromatolites,
and in rare cases may be buckled upvards forming small tepee ’ /
étructures. Ldminae may be laterally discontinuous, :
and small-scale disconformities are sometimes pr%sent.
Peloidal and intraclastic grainstene 1§yers are common,
The laminae are often broken by mudcracks (Fig. 218B),
occasionally by deep prism cracks, and rarely by burrows
penetrating from overlying beds (Fig. 21c). Cryptalgal
laminites are often brecciated, forming layers of intraclasts
vhich are“ulso transported to other interctidal areas.
Contacts with superposed intertidal and subtidal unitg are {
usually sharp and underlying cryptalgal laminites may be

‘brecciated into angular blocks.

+ e Sl s ag a o

. Interpretation - The‘nbove characteristics have been

considered criteria indicating a cryptalgal origin for this

lithology (eé.g.: Aitken1967); comprising lithotope A, in

- © e R vt meim e 5 1
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FIGURE 21

CRYPTALGAL LAMINITES AND ONCOLITES

[0}
Vertically oriented slab of dolomitized cryptalgal laminite,
showing wavy, broken, and grainstone layers. Sediment-floored
and spar-filled vugs are epigenetic. Scale in cn; Isthmus Bay
Fm.; IB-105.
Bedding plane of desiccation cracked cryptalgal laminite.
Isthmus Bay Fm.; BH-72.

N

Vertically oriented slah of cryptalgal -laminite disrupted by
burrowa penetrating from above. Many burrows spar-filled (dark-
coloured). Isthmus Bay Fm.; IB-247.

7

Vertically oriented alab of oncolites with asymmetric concentric
lamination, in intraclastic grainstone and wackestone. Aguathuna
Fm.; IB-303. - -
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Chapter 2. Sediment grains, mud- to sand-sized were carried
in suspension onto algal mats where they are bound by algal
‘filaments The encrusting nature of the algal mats gave
rise to the characteristic draping of 17minae around under-
lying irregularites. Storms caused disruption of mats and
déposition qf.gfainstone layers. Periods of subaerial exposure
produced desiccation cracks, and synsedlméntary lithification
and expansion caused tepee structures to form (Assereto and
Kendall, 1977). The above fegtures indicate formation of
these rocks in the uppermost intertidal and ﬁupratidal zones J
of prétected areas of tidal flats. Durihg facies shifts,
tops of cryptalgal laminated units were of ten reworked by
physical erosion and bioéurbation. ~5
Oncolites

Oncolites are uncommon.in the St. ngrge, I;d are
found on}y in some grainstone beds  of the Isthnus Bay and
Aguathuna Fornatio;s. They range in diameter from about 1

to 5 centimetres and laminae are each approximately 1 milli-

metre thick. They are characterized by morxe or less concentric

lamination that is asymmetrical about the nuclei, which are
intraclasts and fossils, such as gactr?pods and Ceratopea

" opercula (Fig. 21D). They are interpreted to have formed. f
in sgitated intertidal anJiaubtidal environments., Asymmetrical : : r

layetigi suggesats periods of stubility’dlternating with

[ e P

pericds of rollinmg. ! .
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UNLAMINATED STRUCTURES

-Thrombolites

Thrombolite Morphology - Individual thrombolites are elongate

upwards, but their wiaths, cross~sections, margins, branching

and anastomo;ing patterns are highly variable (Figs. 22,23),
and are related partly to the size of the mounde which they
form. Thrombzlite columns ;ange'in diameter from slightly

less than 1 to about 3 centimetres. They branéh iike columnar -
stromatolites, infa gymnosoleniform or digitate and slightly
dendroid fashion, often radiatiﬁg outwards as well as upwards
(Figs. 22G, 24B). They anastomose more than columnar stro-

matolites. Cement-filled growth framework cavities occur

sporadically. The matrix between columns 1s fossiliferous

and burrowed peloidal wackestone with grainstone areas.

‘ In the smallest mounds, less thanIO.Z metres in diameter,
thrombolites have little vertical elemgation (Fig..24A),.
In larger mounds, thrombolites anastomose of;enrao much that
there is comparatively little matrix (Fig. 22A). The ratio , 1

of columns to the volume of the moundes varies widely between

U

mounds of different horizons. 1In thrombolite mounds larger
than about 1 metre in diameter, there is legs anastomosing

and more vertical elongation (Fig. 22D). When mounds coslesce

P

into extensive banks, thrombolite shape varies considerably

ne N«

and the ratio of columns to mound volume decreases. The

BTN

irregularity of thrombolite cross-gections, which can range

from nearly circular, to irregular, to elongate (Figb. 24C,D),

N
B e T LI W'Y

gives an fntricate cerebral pattern‘on weatﬁered bedding

o

Planes (Figs. 24E,F) attributed by Smit (1971) to burrow-mottling.

-
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FIGURE 22
THROMBOLITES
Tracings of vertically oriented slabs

(black areas are thrombolites)

A. From a'small 0.15 m diameter mudstone-rich mound. Isthmus Bay Fm.;
IB-218,

The base of a 0.5 m diameter mound; below the dashed line 1is grain-

stone upon which the mound developed. See Fig. 23A. Isthmus Bay
Fm.; BH-104.

C. Left margin (outlined by dashed line) of 0.3 m diameter mound.
Isthmus Bay F.; IB-137.

D. From large 3 m diameter and 2.4 m thick mound. Igthmus Bay Pm.;
BH-107.

E. From coalesce? 0.6 m thick mounds. See Fig. 23C. Isthmus Bay Fm.;
ECw-30.

F. From a 1 m thick bank. See Fig. 23B. isthms Bay Pm.; ECW-82.

G. Nearly entire mound (right side outlined by dashed iine). Isthmus ' 4
Bay Fm.; TB-242, . - X

H. Left eside of small 0.2 m thick mound.. See Fig. 23D. Aguathuna Fm.;
IB-340.

- s
N

o

s

RPN P SR

e rabm







et R g

Corresponds
Corresponds
Corresponds

Cdrresponds

71

FIGURE 23

THROMBOLITES -

Vertically oriented slabs (scale in cm)

to

to

to

to

tracing Fig.
tracing Fig.
tracing Fig.

tracing Fig.

22B. Isthmus Bay Fm.; BH-104.
22F. 1sthmus Bay Fm.; ECW-82.
22E. Isthmus Bay Fm.; ECW-30.

22H. Aguathuna Fm.; 1B-340.
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FIGURE 24

THROMBOLITES

Vertically eriented slab of small (10 cm diameter) thrombolite
mound showing fossiliferous (trilobitic) wackestone matrix.

Patches devald of fossils are thrombolites. Scale in em; Catoche
Fa.: ECW-112. |

Vertical view of light-coloured dolomitized columns showing little

branching and anastomosing. Lens cap 6 cm across; Isthmus Bay
Fm.; BH-A7. .

Bedding plane view of dark-coloured thrombolites qpproxi.ltel;‘
circular in cross-sections. Isthmus Bay Fm.; 1B-142. .

Bedding plane view of dark-coloured thrombolfites with irregular
and 1nterconlect1ng cross-sections. Catoche Fu.; Lower Cove.

Bedding plane view of cerebral weathering pattern of dolomitized

thrombolites standing out in relief from matrix. Catache Pa.;
Table Mountain. :

Bedding plane view of outer edge of a dolomitized thrombolite
mound, showing cerebral weathering pattern. Range pole in 20 cm )
divisions; Isthmus Bay Fm.; BH-107. ) o : _ : ‘







73

>

'Thrombolite mounds - Thrombolite mounds vary 1in size and

are ugually roughly circular 1in plan. The smallest are. )
31;0ut 0.1 metre in diameter and 5 centimetres in thickness.,
and occur in large numbers on grainstone b.edding planes of
lithotope E (intertidal shelf facies) in the uppermost part
of the Isbthmus Bay and lower part of the Catoche Formations
(Fig. iSA). Slightly larger mounds, less‘ than 0.4 tﬁetre

< in diameter and 0.2 metre in thickness are\common 1in the
sIsthmus Bay and Aguathuna Fo.rmations of t Port au Port

area, but are rare on-the Great Northern Peninsula, because

of different sedimentolecgical patterns (see Chapter 2).

-

Mounds in the Isthmus Bay and Catoche Formations on the #

Great Northern Peninsula are commonly larger, ranging 1in

diameter and thickness from 0.5 metre.to. 1.8 metres, and

in one case to 3 metres, They are usually equidimensional . . 4
to slightl);' wider than thick but exceptions occur (Fig. 25B).

In most cases, individuals in each unit tend to be of the

. same size.

| Hoﬁnds are usuvally closely spaced, less than 1 metre

apart, and in the Isthmus Bay and Catoche Formations on

the Great Northern Peninfula they often coalesce (Figs. 25¢C,D),

P

forming small irregular patches, chain-like rows, circular
mounds up to 5. metres wide and over 50 metres long (Figs. 25E,26),
and large banks that can be over 100 metres in width pMith
grooved margine. At.the base of t-he" Catoche Formation on
Port au Port Peninsula , extensive banks 2 metres thick were . 1

formed by large irregularly shaped mounds that coalesced

during upward growth and rocofed over grainstone channels.

A




FIGURE 25

THROMBOLITE MOUNDS

Dolomitized small (10 c¢m diameter) thromboli.Ce mounds, Catoche
Fm.; Brent Island, Hare Bay.

Vertical cross-section of dolomitized thrombolite mounds with
divergent light-coloured thrombolite columns. Isthmus Bay Fm.;
BH-17, ’

Bedding plane view of margin of linear thiombolite mound complex
showing light-coloured thrombolite mounds with dark-coloured
burrowed dolomite-mottled wackestone between. To the left of
lens cap (6 cm across) is a horn-shaped archaeoscyphiid sponge.
Catoche Fm.; ECW-128,

Bedding plane view of coalesced circular thrombolite mounds.
Isthmus Bay Fm.; ECW-82.

View along the length of linear bank of thrombolite mounds.
Person standing to left of bank: Catoche Fm.; ECW-128.

Thin section photomicrograph of mound-flanking grainstone com-—
‘posed of cryptalgal fragments. Scale bar 1500 pm; Isfhmus Bay
Fm. ; ECW-86.







OUTCROP PLAN
OF LINEAR

THROMBOLITE MOUNDS

A

Figure 26: Outcrop plan of linear-shaped coalesced thrombolite mounds 0.4 m thick exposed on a large
bedding plane 4 km southwest of Eddies Cove West in Bustard Bay. Catoche Fm.; ECW-128.
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In the upper part of the Isthmus Bay Formation on Port au Port,
thrombolites forming a bank 0.4 metre thick are abraded by -
narrow channelé, toofed over and flask-shaped in cross- -
section,

Flanking sediment is unburrowed to spotadi;ally burrowed
.peloidal, intraclastic, and usually fossili;erous grainstone,
that often contaiﬁs thrombolite fragments (Fig. 25E). Farther
from ﬁounds, flanking sediment becomes more burroved‘and
changes to fossiliferqus wackestone (lithotope G). The
abundance of fossils, incl;ding gastropods, cephalopods,
trilobites, rostroconchs, and pelmatozoan debris increases
markedly towa}ds and within ;;:nds. Within mounds, rare

cases occur where gastropods have been leached and the molds

later burrowed. The contacts between mounds and flanking

grainstone are sharp, often 1neertongu1ng, and sometimes
are abraded. Individual mounds are usually rooted in grain-
stone beds and sometimes in burrowed wackestone beds. In
many units, maund bases occur at different levels, and 1

likewise they ceased growth auw different levels.

Thrombolite-metazoan mounds - Throughout the St. George . l

there are sporadic occurrences of mounds composed of both

thrombolites and Sponges or corals. Beginning in the upper-.
. . -
most part of the Isthmus Bay Formation, isolated lithistid r
. »
sponges of the Archaeoscyphiidae contfibuCe to the structure,
of thrombolite mounds. These sponges>range in shape from l
shallow wide-mouthed baskets to long narrow horns up to . 1

0.5 metre in length, and are preserved in life pos!tion or

cast into flanking grainstones (Figs. 27B). Tubular and

\
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siick—shaped sponges dccur only as fragments in flanking
grainstones and in the matrix of mounds (Fig. 27C). Large
sponges never otcur in abundance in mounds (FLQL'ZSE).

The spicular lamellar organism Pulchrilamina Toomei.

and Ham, 1967 occurs-~sporadically 1in-a thrombolite bank
in the Catoche Formation at Port au Cho&x and forms isoclated
0.6 metre’;hick hegds at one horizon in the Aguathuna

Formation on Port au Port Peninsula. Pulchrilamina has

an encrusting habit, is largely -convex—upward but not without

small irregularites and wrinkles, and forms plates less than
5 centimetres in diameter (Fig. 28F). Begween successive
plates are mudstone and finely peloidal gratnstone.

' Several horizons of thrombolite ;éunds in the Isthmus
Bay Formation contain significant proportions of in-place
gorals of the genus Lichenaria (J.E. Sorauf, peré..comm.,
1979; identification I5s tentative in two'units)‘ The corals
have irregular shapes, with the corallites growing upward
and outward, -and range in width from 1 to 5 centimetres.

In a bank 0.8 metre thick, at Eddies Cove West, corals are
concentrated 1in thrombolite—éoor "layers'™ (Figs. 28C,D).

In other cases, both are lntetgrown,(Figs. 284A,B). Large

bioherms composed of Liéhenaria, Renalcis, and thrombolites

at G:een'Head, Poxrt au Port Pening®la, are treated separately
1
later.

Discussion - Aitken (1967) inferred that thrombolite mounds .
developed in conditions ranging from the lower intertidal

zone to depths of two metres or more,.and even at depths

greater than 12 metres (Aitken, 1978). In the case of the
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ARCHAEOSCYPHIID SPONGES

L2 e

>

Horn-shaped sponge. Lens cap 6 cm across; Catoche Fm.; ECW-128.

Basket-shbaped sponge. Coin 1.8 cm across; Catoche Fm.; ECW-106.
Stick-shaped and tubular sponges

Lens cap 6 c¢m across; Catoche
Fm.; ECW-106. »-







* FIGURE 28
THROMBOLITE-METAZOAN MOUNDS

Tracings of vertically oriented gslabs
black = thrombolites |
stipled = Lichenaria
cross-hatched = gponge : -

palisade = Pulchrilamina e

_Part of irregular shaped 0.8 @ thickﬁﬁounds composed of thrombolites
and Lichenaria corals. The dashed line outlines the edge of the mound.
Isthmus Bay F.; IB-190.

As in A.

Part of coalesced mounds 0.8 m thick composed- of thrombolites and
Lichenaria; the latter appears to be concentrated in layers. Isthmus
Bay Fm.; ECW-53.

As in C.

Part of coalesced mounds 1.8 m thick containing scattered individuals
of archaeoscyphiid sponges. Simplified lamination outlines well-
laminated cryptalgal part, showing that in large thrombolite banks
conditions varied across them producing areas of distinct lamination.
- Catoche Fum,; PAC-83.

Part of coalesced mougds, as in E. with a layer bound by laminar indi-
viduals of Pulchrilamina and a single sponge. Catoche Fm.; PAC-83.
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St. George, it igs suggested here that thrombolite moun_ﬁ
formed - strictly 1n the subtidal zone, -on the basis of the
following evidence: (1) growing surfaces wére inhabited
by Belmatozoans, gastropods, nastiloids, rostroconchs,
sponges, trilobites, corals, and brach%opods,'found as whole
specimens (except fJ} pelmatozoans) in the mound matrix,
(2) the mounds 2lways hosted burrowing organisms, (3) the
fossil and bioclastic content of the flanking grainstones
Y o :

falls off markedly with distance from mounds, a situaticon
unlikely to develop in the 1nteftidal zone, (4) burrowing
zuu%uﬁd content of flanking beds inc;eases with distance
frof\mounds, which is unlikely to have occurred in the inter-
tidal zone, (5) f;anking bed§ are never mudcracked,_and do
not show other features normally associated with intertidal
flat deposition; and (é) cryptalgal ffagments, derived
from the ﬁounds. dre common only in the flanking grainstones,

+
indicating an in situ source hout significant transport,
unlikely to occur in intertal structures. Water depths
greater than several mgtres do not appear likely for
thrombolite formation in the S%. George, particular{y in%
the Isthmus Bay and Aguathuna Formations where thrombolitic
horizons are 1ﬁterposed between intertidal and supratidal
lithotopes. In.the Latoche Formation, scattered shallowing
to intertidal deposition and scattered grainstoné beds,
channels and lenses which indicate frequent winnowing by

bottom tdeulence, are evidence of shallow water depths at

maximum. Hypetsaline conditions, a possible requirement

suggested by Aitken (1967) for throfbolite formation,
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cannot be substantiated for the St, Ceorge. The presence
)

of rare burroigd gastropod .molds sguggests that extreme tidal

igwering of sea level and flushing by fresh ieieorlc water

‘may have occurred sporadically to account for- the di;;olution

of aragonite in unlithified sediment, also evidence for

shallow water formation of thromholite mounds. Some casés

of structures transitional to columnar thro-bolites ptébably

formed in the lowest part of the intertidal zone.‘ A sequence

of vertical c;ange in type of cryptalgal structure_interprefed

to be brought about by infrgasing vater depth 1is illus;rated

in one unit 15 centimetres thick: cryptaléal laminite at-

the base becomes wavy and domes tokstacEed hemi-

'spheroidal stromatolites»which become tﬁro-bolite‘colunn;

'in a fossiliferous and burrowed matrix (Fig. 29).
Reconstruction, based on the 1nteftonguing of moﬁnd_

flanks with flanking grainstone indicates that the relief of

thrombolite mounds p;obébly did not exceed 0.5 or 0.3 iekre

above the surrounding sea floor. Hoffman (1976) related the

shape,k of -5Tamehing stromatolite mounds formed by the colloform

mat in” Shark Bay to geographic position: at headlands,

L4

mounds are circular and commonly coalesce forming-Sanks, and
in bights, mounds are elonéate and coalesce forming rows.

Most of the mounds in the Isthmus Bay an&*kguathuna For-agions

[

formed near islandsy and their circular shape, by analogy.

&

with Shark Bdy, suggests that they developed  near he‘hlands -

s . : r
‘where waves and currents were foansgad but of somevhat yariable Aﬁ\i
direction. The mounds of the Catoche Formation likely formed

on the open shelf because Proper islands did not devglop, but




FIGURE 29

VERTICAL. CHANGES IN CRYPTALGAL STRUCTURE MORPHOLOGY

Vertically oriented slab showing upward change from wavy cryptalgal
laminite (A) to laterally-linked hemispheroidal stromatolite (LLm),
to stacked hemispheroidal stromatolite (SH), to irregularly shaped
thrombolite colum (T).

The overall cryptalgal sequence 1s outlined
by black line. Scale in cm; Isthmus Bay Fm.; IB-173.

J
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the dominant circular shape also sugpests focussed but not
strongly directed waves and currents. In an exception, the |
linear mound banks at Eddies Cove West are parallel to grain-

stone channels in underlying beds, and indicate that energy

o, %

was funnelled into one direction.
The unlaminated nature of thrombelites probably resulted
from a number of factors: (1) irregular distribution of -
sediment onto algal mat surfaces, (2) variable quantities
. of sediment in different ‘sedimentation events, (3) irregular
time intervals betwveen sediment events, (4) possibly irregular
algal (filament?) growth*(discussed later), (5) synsedimentary
cementation in fenestrae and permineralization of algae

*
(discussed later), and (6) ‘disruption by burrowers. Haphazard

non-episodic sedimentation to account for the first three
factors is a predictable process in vigorously agitated
subtidal areas. The algal mats likely had only slight synoptic
relief, and walls 4re not usually developed, though exhumned
and abraded mound flanks have been covered by cryptalgal
laminite in several cases.
The large sponges are volumetrically Insignificant

in their contribution to the framework of mounds. They

~, did assist in the trapping of sediment and were incorporated 1
into the mound structure by thrombolite columns. Tubular
and stick-1like sponges probably baffled sediment. Encrusting

Pulchrilamina was an important mound-builder in Lower

Ordovician mounds from west Texas and southern Oklahoma

/ wvhere 1t occurs in great quantities (Toomey and Ham, 1967;

Toomey, 1970). This organism only constructs semall mounds

Ty oy




84

at one level in the Aguathuna Formation. 1In a few unircs,

large numbers of the Primitive coral Lichenaria constructed

mounds, in association with thrombolites.

/\ ’ MOUND COMPLEXES

Introduction

/

Whereas most thrombolite and Stromatolite mounds are
restricted to single horizons, at a number of intervals,
however, thicker sequences of cryptalgal structures are
encountered. These include: (1) three vertical associations
of different types of c}yptalgal structures that illustrate
the cphanges in type and morphology brought about by environ-
mental changes, (2) large cryptalgal-metazoan bioherms, aﬁd
(3) large cryptalgal bioherms occupying a shelf margin or
near-shelf margin position. -

Vertical cryptalgal associations

Three vertical sequences in the Isthmus Bay Formation,

well exposed at (1) Isthmus Bay, just east of Green Head,

Port au Port Peninsula, (2) Isthmus Bay, between Green Head

and the Gravels, Port au Port Peninsula, and (3) Eddies Cove
West, illustrate vertical changes in cryptalgal structures
(Fig. 30).

Sequence (1) - The vertical sequence consists of, in order

from base to top: (a) cross-laminated grainstone, (b) 1.5
metre diameter and 0.5 metre thick columnar gtromatolite
mounds flanked by grainstone, (c) burrowed wackestone,
(d) 1.5 metre diameter columnar stromatolite mounds,

(e) 1.5 metre diameter mounds composed of aberrant conical

.
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~ THROMBOLITE MOUNDS .

()
o,
—

‘ = CONICAL COLUMNAR STROMATOLITES

‘ =~ CEREBRAL COLUFNAR STROMATOLITES
SUY ~ COLUMNAR STROMATOLITES
T - LATERALLY LINKED MEMISPMERICAL LANINATION

fA\ ~ STACKED HEMISPMERICAL §TRORATOLITES

===~ CRYPTALGAL LAMINATIONS

=
55 - GRAINSTONE
——

: =~ LITHOTOPE D
- . =
j-__.

- $$§ - Latnorors ¢

St CRYPTALGAL
TS [ ASSOCIATIONS

Columnar sections of three vertical cryptalgal associations,
Fm. (1 = 1B-77-83; 2 = IB-114-125; 3 = ECW-85-86)
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stromatolites and a capping of columnar stromatolites
flanked by intraclastic grainstone, (f) 2.4 metres of
thin-bedded cross-laminated well-sorted clean grainstone,
and (g) thrombolite mounds up t; 0.8 metre thick and 0.4
metre in diameter and flanked by grainstone. The sedimentological
history interpreted for this sequence begins with the formation
ofia shallow subtidal winnowed grainstone shoal, stabilized
in places by columnar stromatolite mounds. A short period of
quiet subtidal conditions covered this as the shoal migrated

s before it shifted back again and conical stromatplite mounds
developed. The columnar stromatolite caps on these auggest
greater sediment influx in the latter part of mound growth,
The thick unit of thin—bgddcd grainstone was 1likely deposited
as a 1ow intertidal and shallow subtidal shoal which deepened
slightly and permitted thrombolite growth.

Sequence (2) - The lower part of the sequence is alternating

thin-bedded grainstones, wavy cryptalgal laminites, laterally-
linked hemispheroidal stromatolites, stacked hemispheroidal
stromatolites, and stacked hemispheroids with compound

- internal lamination. At- one level, cryptalgal laminite is
buckléd and eroded into flat pebbles. Above this serles
occurs a horizon of large stromatolite mounds, 1.2 metres
thick; isolated or coalesced into lobate rows 5 metres long,
with internal laterally-linked and stacked hemiaspheroidal
lamination. These are succeeded By wavy cryptalgal laminite

and a horizon of large thrombolite mounds 0.8 metre thick

[

and up to 2 metres wide. The lower part of the sequence is

interpreted as oscillating supratidal and intertidal flat
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environments, stacked hemispheroids forming on flats with

more actively shifting sediment than those where laterally-
linked and compound types formed. fhe upper part of the
sequence indicates deepening and shoaling, the large compound
Stromatolites probably imn an agitated lower intertidal set-

ting, and the thrombolites Iin the subtidal zone where sedimenta-
tion influx onto the algal mats was not episodic.

Sequence (3) - Large 2.5 metre diameter compound stromatolite

mounds are developed on top of a sporadically burrtowed
lenticular bedded unit of lithotope D. The internal laterally-
linked lamination changes upward to cryptalgal laminite of
alternating grainstone and mudstone laminae and back to
laterally-linked lamination. This forms the substrat; for
cerebroid boxwork-like mounds of aberrant columnar stromatolites
which are capped by thrombolites, forming mounds 1 metre in
thickness. The evolution of cryptalgal structures in this mound
sequence suggests initial formation in agitated 1owerh1ntertidal
W
conditiéns, with an interval of influx of coarse particles.
The boxwprk-like mounds developed in a protected subtidal
environment of low sedimentation that la:;} became open to

greater sedimentation, and thrombolites formed.

Creen Head bioherm complex »

Description - A unique biohermal sequence 12 metres thick
occurs at Green Head, 1 kilometre southwest of the Gravels,

Port au Port Peninsula. These are the Diphragmoceras beds

of Flower (1978), and appear to be equivalent to similar
but epigenetically dolomitized biohermal rocks low in the

section at Boat Harbour, over 300 kilometres to the north.

The complex is represented by two lithotypes, boundstone .




and flanking grainstone, that have been variably affected
by silicification and epigenetic dolomitization. The vertical
sequence is divided into eight units, A to H (Fig, 31).

Unit A is 3 metres thick at the western end of the out-
crop and increases to 4 met}es at the eastern end. It 1is

. composed of thrombolite-Lichenaria-Renalcis boundstone

(Figs. 324, ﬁ, C, 33) penetrated in at least two places by

'l metre wide grainstone channels oriented approximately NW/SE.
The western flank of the boundstone mass is flanked by
sporadically burrowed grainstone. The top of the boundston;
mass has a discontinuous cap’ping o&small thrombolite mounds,
0.3 to 0.5 metre in diameter, Thrombolites in the boundstone
are clots and irregular columns and form irrggular "mounds"
or clunmps of thrombolites and bound wackestone that roofrover
cavities and tunnels that range from several to more than

26 centimetres wide. The floors and walls of many cavities
are coated by light-coloured cryptalgal lamin@ted mudstone
that is sporadically’ disrupted by burrows. Post-cryptalgal
laminite cavity fills and the mound matrix are darker in
colour, burrowed, and fossiliferous with whole gastropods,
nautiloidf, rare'brachiopods} and pelmatozoan debris.

The smallér spaces between thrombol}tes have less of th:

cqarse fossil material and cften exhibit irregular crypt-

alLal lamination. The margins of some thrombolite "mounds'

around grainstone~filled tunnels are scoured. Lichenaria
corals are less than 10 centimetres across, are irregular
in shape, and have irregular but largely upward and outward

corallite growth directions. They usually occur in clumps
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ketch of the bioherm complex exposed at Green Head southwest of the Gravels,

Figure 31: Outcrop s
Numbers refer to the units described in the text.

Isthmus Bay section, Port au Port Peninsula.
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FIGURE 32

THROHBOLITE—LICHENARIQ—RENALCIS BOUNDSTONF

Tracing from vertically oriented slab (black=thrombolites; circles=
Lichenaria; stiples=Renalcis; parallel lines=cryptalgal laminated
internal sediment; white=matrix sediment). Two thrombolite
"mounds" (T) contain cryptalgal laminated cavity fills (A) and
mudstone matrix in which gastropod shells have lodged. The
thrombolite mounds are bridged by a Renalcis mass [(R) with out-
ward and downward growth direction. The sediment in the "tunnels"

created by the Renalcis and thrombolite roofs is a burrowed,

‘fossiliferous wackestone (W), the coarse grain content decreasing

upwards. The ‘margins of the thrombolite mounds are abrupt and
abraded. On the thrombolite mounds and Renalcis roof grew a
bridgework of Lichenaria corals (C) around and under which grew
drapes of Renalcis (R). Green Head; unit A., ,
Horizontally oriented slab, same as part of tracing 34A. Scale
in ¢m; Green Head; unit D,

Vertically oriented slab of thrombolite—Lichenaqiﬁ boundstone (L)
containing drapes of Renalcis, encrusted by a dark-coloured wall

of Renaleis (R), and flanked on the right by dark-coloured mud—
stone followed by wackestone containing nautiloid lodged vertically.
Scale in cm; Green Head; unit D.

Vertically oriented slab, close-up of left side of C, showing
Lichenaria (L), encrusted by a drape of Renalcis (R; white dots)

followed by light-coloured internal sediment, and serving as a
substrate for a thrombolite column (T) contafning light-coloured
sediment-filled growth cavities. Scale bar 0.5 cm; Green Head;
unit D. ‘







FIGURE 33

THROMBOLITE-LICHENARIA-RENALCIS BOUNDSTONE

Vertically o;]ented tracings of selected serial sections 5 em apart
(black=thrombolites; fine stiples=Lichenaria; coarse stiples=Renalcis;
parallel lines~cryptalgal laminated internal sediment; white=internal
sediment and matrix). The serial sections (from same block sas Fig. 324)
show the change in shape of thrombolite mounds, encrusting Renalcis

, masses, and Lichenaria clumps. The large white patches are fossiliferous
wackestone reef matrix collected in large pockets and tumnels (rocfed
over in the right side of 4). Smaller white areas between thrombolites
and Lichenaria is 1internal mudstone sediment. Green Head; unit A.
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growing on or against thrombolite "mounds" or on each other,
forming irregular bridgeworks. Between the corals: trapped
mudstone is irregularly cryptalgal 1aminated; forming s;all
thrombolite clots. Moss-1ike Renalcis ('calcareous algae’)
masses‘occur as encrusting drapes or manes around but mostly
undér corals (Fig. 32D), and s encrusting walls on thrombolite
"mbunds“. The individual Renalcis clots or capsules have
upward and outward growth directions when encrusting thrombolite
4 .

"mounds", and when encrusting corals or in thrombolite cavities,
downward growth directions as well. Synsedimentary radial ®
bladed cement occurs in all three components.

Unit B is a 1 metre thick grainstone bed that overlies

-~

the slightly dipping upper boundstone surface of unit A, the

[ 4
flanks of mound-spaped Unit C, and grades with Unit D. To

the western end of the butcrop, off the boundstone mass,
it grades to thrombolite mounds.

Unit €C is a 2 metre thick mound-shaped unit with an
upper surface that weathers with a cerebral or cellular
boxwork pattern caused by the diffefencia] weathering of
partly dolomitized thrombolite-Renalcis boundstone (Fig. 35A).
Small thrombolite mounds less than 0.2 metre across which
forwm an irregular interconnecting lobate structure in plan;
are surrounded by thick encrustations or walls of Renalcis-
(Figs. 34B, 35B). The matrix of the thrombolite mounds is
burrow-mottled wackestone, in contrast t; the g?ainstone
between the Renalcis walls. Whole fossils are uncommon.
The base of the unit is not exposed.

Unit D 1s grainstone that overlies the mound-shaped

unit and grades laterally to a 2 metre thick thrombolite~-
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FIGURE 34

GREEN HEAD BIOHERM COMPLEX

*

~“Tracings of horizontally oriented slabs

black = thrombolites
fine stiples = Lichenaria
coarse stiples Renalcis
parallel lines cryptalgal laminite

Thrombol ite-Lichenarie-Renalcis boundstone with gastropods and nauti-~
loids lodged in matrix. See Fig. 32B. Unit D.

Thrombolite-Renalcis boundstone showing thrombolite mound with burrowed
wackes tone matrix on the right, encrusted by a wall of Renalcis, and
separated from other mounds by grainstone. See Fig. 35B. Unit C.

Thrombolite-Renalcis boundstone showing elongate and coalesced Renalcis
heads and subordinate elongate thrombolite columns. See Fig. 35F,
Unit G. )

Thrombolite-Renalcis boundstone showing coalesced Renalcis heads.
See Fig. 35D. VUnit G.







94

FIGURE 35
GREEN HFAD BIOHERM COMPLEX

(Isthmus Bay Fm.; IB-57-61)

Bedding plane view of mound-shaped unit C, showing cerebral
weathering pattern. Dark pitted areas are thrombolite mounds,
separated by Renalcis walls and grainetone channels.
Horizontally oriented slab of unit C (same as tracing Fig. 34B),
showing burrowed thrombolite mound on right, surrounded by a wall
of Renalcis, flanked by coarse, fossiliferous grainstone. Scale
in cm.

Vertically oriented slab of the contact between units F and G,
showing Renalcis heads on upper left rooted in coarse, fossili-

ferous grainstone.
.

Horizontally oriented slab of unit G (same as tracing Fig. 14D);
showing free-standing Renalcis heads, scattered thrombolites,
and light-coloured burrowed wackestone matrix.

Horizontally oriented slab of unit E showing free-standiung,
coalesced Renalcis heads with burrowed wackestone matrix.

Horizontally oriented slab of unit G (same as tracing Fig. 34C),
showing elongate Renalcis heads. Scale as in D and E.

\
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Lichenaria-Renalcis boundstone (Fig. 34A), similar to

Unit A, and containing one grainstone channel orlented in
the same'direction as those of Unit A.

Unit E is a 1.5 metre thick Renalcis boundstone with
minor thrombolites. Renalcis formed free-standing masses,
ranging from round heads to elgngate walls, frequently
merging to massive clumps (Figs. 3a4c, 35D, E, F). Scattered

thrombolites are encrusted by Renalcis masses; corals are

absent, and growth framework cavities are rare. The matrix

.

is burrowed wackestone but poorer in fossils than the

thrombolite—Lichenaria-Renalcis boundstone.

’

et

Unit F is a 0.4 metre grainstone unit containing at least
one planar corrosion surface (hardground).

Unit G is a 1.5 metre thick boundstone the same a;\h\\\‘\\‘~‘_____~14
Unit E. Renalcis heads grew on top of gnlithified grainstone
of unit F which flanks the bases of the heads (Fig. 35C).

Unit H is a 1.5 Qetre thick dolostone composed of 1
columnar thrombolite mounds and grading laterally to Renalcis
boundstone probably similar to Unit‘E. ) ‘ *

Interpretation - The evolution of the bioherm complex shows

changes that are likely related to changes in eﬁvironmental‘
conditions. The maximum thickness and areal dimensions of !
the bioherm'of unit A are unknown, but its growth ceased and
it was covered by a grainstone shoal that was stabilized in T
the less turbulent off-bioherm area by thrombolite mounds, ‘

Whether the base of the mound-shaped unit C rests directly

on unit A or on the shoal is unknown, but its mound shape, )

cerebroid structure and fewer associated organisms may have
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been caused by variable current directions, greater turbulence,.

but lesser sediment influx. The overlying boundstone sia}lar

to unit A possibly indicates a return to strongly directed turbulence,
as evidenced by the grainstone channel. The geometries of

the overlying Renalcis-dominated units are also unknown, but

the scarcicy of thrombolites, rarity of fossils, and lesser

volume of matrix sediment may be due to vigorous agitatjon

with comparativefy little sediment 1influx.

Judging by the relation of flanking grainstones,

topographic relief of the thrombolite~-Lichenaria-Renalcis

bioherms was probably not more than 1 metre, though possibly
greater in the case of mound-shapé& unit C. The presence of
channels and cavities with eroded walls suggests that there
was active sediment moveme;t within these bioherms. The
elongation of free-standing Renalcis masses in the overlying
bioherms probably reflects direection of wave;, a relationship
with turbulence commonly noted, for example, in stromatolites
(Roffman, 1967; Logan et al., 1974) and in the hydrozoan
Millepora (Stearn and Riding, 1973).

The encrusting growth habit of Remalecis in units A and D
serves to indicate the actual synoptic relief of the bioherm
growth surface. Renalcis encrusting the undersides of corals
and coral bridgeworks indicate that the spaces below the
corals were empty while they were growing. The Renalcis
walls on the sides of and under thrombolite "mounds"” indicate
that, vhile growing, the thrombo}ites possesgsed relief of

up to nearly 20'centimetrés above the floors of nooks,

crannies, and cavities. 'On the upper growing bioherm surface,

n
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the highest structures were corals because they grew on
thrombolite "mounds", but they were only slightly above the
living thrombolite-forming blue-green algal mats. Beneath
apd around open spaces formed by these two framebuilders
were drapes, manes, and walls of Renalcis, forming a craggy
and knobby surface with a total relief of probably about

20 centimetres, containing abundant hollow cavities. The
cryptalgal laminated coatings of many of these cavities
indicates that they were well-protected and received only
eplsodic influx of suspended sediment. A small cavity
flora and fauna in these biocherms consisted of n;n—skeletal
mat-forming algae, burrowers and Renalcis. Into nooks and
crannies between the framebuilders lodged whole gastropod
and nautilecid shells which were buried in the fossiliferous
wackestone sediment that was then burrowed.

Hare Bay bioherm complex

Description - Extensive mound complexes, up to 100 metres
thick and probably nearly a kilometre in lateral extent,

in the Catoche Formation exposed on islands in Hare Bay,
have been reported by James and Stevens (1977). They are
superimposed mound horizons, gsimilar to smaller banks of
other parts of the Catoche Pormation, with probable erosion

surfaces hetween many of them, and are incised by channels

’ o
and flanked by thick units of well-sorted peloidal and bio-

clastic grainstone beds. Though adversely affected by
dolomitization, shearing, and microsparitization, the mounds
are composed of thrombolite-Renalcis boundstone, with g

burrowed wackestone matrix containing archaeoscyphiid sponges,
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gastropods, trilobites, brachiopods, and pelmatozoan debris.
They are not composed of sponge boundstones, as Suggested by

James and Sfevens (1977). N

Interpretation - The boundstone is similar to other thrombolite

mounds, except that masses of Renalcis are common. The actual
geometry of the complexes is unknown, but they probably had
slightly higher relief off the sea floor than smaller
thrombolite banks. The superimposition of mounds indicates

that hydrodynamic conditions on the shelf at this place were
constant throughout Catoche time. Considerably Pgitated
conditions are Suggested by the channels and flank beds and
growth of Renalcis (discuased later). It is suggested that
these mound complexes occupied a location at or close to the
Lower Ordovician continental shelf margin because of the long-
term stability of agitated conditions that would have been
present there. Development of possible slope Epiphyton
boundstones further to the east is suggested by large debris
blocks in fore- -slope deposits of the Cow Head Group (N.P., James,
pers. comm., 1978), but the true nature of the shelf matgin.

is unknown as Hare Bay is the site of the most eastern \
exposures of the St, George.

-~

\
PALEOECOLOGY OF BIOHERMS

Thrombolite mounds and Renalcis- and Lichenaria-bearing
- bioherms of the St. George can be considered ecologic reefs
{Dunham, 1970) because: (1) they possessed topographic

relief above the gea floor, (2) they were wave resistant as

evidenced from flanking grainstones, (3) they were constructed




99

by organisms, Principally non~5keleton;secreting blue~
green algae, (4) they were lithified early, on the sea tfleor,
and (5) they influenced the surrounding environment and were
s}tes of toncentrated organism activity,

Reporred occurrences of lower Ordovician reefs are
few in number, the Creen Head complex being Gasconadian in
age (Flower, 1978) and significantly older than previously
reported reefs, Mounds in the Fillmore Formation of the
Pogonip Group, Utah, described by Plefce (1967) and Church
(1974), are Cassinian in age (Hintze, 1973)! These mounds
are linear in shape, 1 to 1.5 metres thick, 2 to 3 metres
wide, and up ta 30 metres in length, probably oriented
parallel to prevailing currents. They exhibit a vertiecal
succession of a pioneer community consisting of columnar
‘stromatolites developed on an intraclastic grainstone,
followed gradually by an increase in abundance of archaeoscy-
Piid sponges, and a climax community of Calathium with lesser
amounts of stromatolites and sponges of wvariable morﬁhology.
These mounds resemble thrombolite mounds of the Catoche
Formation, except in the latter there ig no development of
a Calathium dominated community, despite the occurrence bf
rare Calathium 1n assoclated éfftreef wackestones. Mounds
in the McKelligon Canyon and Kindblade Formations of west
Texas and southern.Oklahoma respectively, described by
Toomey and Ham (1967) and Toomey (1970L'are Jeffersonian
in age (Hhittington, 1968). They attain a maximum thickness

of abour 20 metreg and length of about 60 metres, but most

are less than 2 metres thick and long. They are composed
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of an assemblage of Calathium, Archaeoscyphia, Pulchrilamina,

Renalcis, and columnar stromatolites (Toomey, 1970; Riding |
and Toomey, 1972), that also seems to exhlbit a broad
ecological succession, An initial stage ("colonization" of
Walker and Alberstadt, 1975) is composed of Calathium and

\Archaeoscyphia, feollowed by a "diversification" stage of a

more varied community including Pulchrilamina and patches of

columnar gtromatolites and a final ("domination") stage

composed of Pulchrilamina. Renalcis played mostly an

encrusting roie. The reefs of the St. CGeorge differ in the

type of framebuilders, and in the more intimate association

of eryptalgal structures with attendent Renalecis and ]
Lichenaria. St. George reefs are vertically uﬁzoned, and
the vertical change in composition of the successive reef
units in the Green Head complex is an ecologic succession
controlled by environmental parameters.

The priﬁary framebuilders of St. George reefs were

blue-green mat-forming algae, Renalcis-forming algae,

Lichenaria, Pulchrilamipa, and archaeoscyphiid sponges,

The algae occupied a photosynthetic niche, and Lichenaria i
may have belonged in the low-level suspension feeding or
epifaunal carnivorous trophic groups (terminology of Walker '

and Bambach, 1975), depending on their manner of feeding

whigh,is unknown. Pulchrilamina, 1if an encrusting sponge
(as opposed to the hydrozoan interpretation of Toomey and
Ham, 1967), occupied a low-level suspension feeding group.
Archaeoscyphiid sponges were both high- and low-level

suspension feeders, depending on their morphology and size.

[y
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Pelmatozoans were also high-leve]l suspension feeders, and che
lack of root Structures suggests that they may have been

@motile or rooted in matrix, Brachiopods, uncommon in many
reefs, belonged in the low-~level suspension feeding trophic
group. Cavities were probably encrusted by cthin and flocculent
blue-green algal mats, protected from erosion and hrowsing,
though Sporadiacally burrowed. Irregular cryptalgal laminae

in matrix mudstone indicates that flocculent mats of this

nature were present on sediment surfaces between the frame-
work components, as they are in modern carbonate environments
(Bathurst, 1967), The diverse and abundant gastropod fauna
Occupied the epifaunal browsing trophic group and probably
ate these mats, though with No apparent effect on the
thrombolite—forming algal mats. Trilobites, which were J
also abundant, occupied sediment-water interfacial deposit .

feeding and, probably as needed, scavenging trophic groups.

Cephalopods were nektobenthic sediment-water interfacial

carnivores. Rostroconch molluacs probably lived wholly or 4
partially buried within sedilment (Pojeta and Runnegar, 1975)

and therefore were epifaunal deposit feeders, Infaunal deposit

feeding burrowers were ubiquitous. OQOther soft-bodied metazoans

must have been present, but left no Preserved burrows or 4

remains. Macroborings such as Irypanites do not occur in g

the St. George, thoughvthey have been reported from older
rocks (James et al., 1977). The striking increase f{n
abundance and diversity of the assoclated fauna in the

vicinity of reefs @robably reflects not only abundance of

food and cxygen supply, as is typical around modern reefs,
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REPONSTRUCTION OF LIVING
THROMBO‘LlTE' MOUNDS

Figure 36; Suggested reconstruction of- the living surface of coalesced thrombblite mounds. (Thrombolites
and living algal mats (A) are black; S=sponge; T=trilobite; R=rostroconch; P=pelmatozoan; G=gastropod,
B=brachiopod; N=nautiloid; no particular species portrayed by the sketched animals).
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RECONSTRUCTION or}' LIVING
GREEN HEAD BIOHERM

Figure 37: Suggested reconstruction of the living surface of thrombolite-Lichenaria-Renalcis reef,
(Thrombolites coloured black but living algal mats not coloured for simplicity--same as Fig. 36;
R=Renalcis, also line stiples; B=brachiopod; T=trilobite; L=Lichenaria, also cross-hatched; P=pelmatozoan,
G=gastropod; N=nautiloid; no particular species portrayed by the sketched animals).
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. but also the complexity and rugosity of the gubstrate presented
by the growing framebuilders. Figures 36 and 37 are proposed
reconstructions of the living reef surfaces.
| 2
CRYPTALGAL MICROSTRUCTURE

Introduction

The microstructure of cryptalgal structures was first
investigated in détail by Gurich (1906) who erected the
protozoan order Spongicstromaceae with the family Spoggiostromidag
becausc of the spongy nature of the microstructure, While
these taxonomic termsghave been gince dropped, there has
been little detailed study of microstructure until recently
now that microstructure is being used in the taxonomy of
Precambrian stromatolites (e.g.: Walter, 1972; Bertrand-
Sarfati, 1977; Hofmann, 1977). Based on examination of
modern stromatolites from the Bahamas, Monty (1977) has
documented many of the characteristics of microstructure
and how they arise. There are difficulties in their study in
ancient rocks because of the presence of variably ﬁermineralized
algal remains, and alteratio; by recrystallization, dolomitization,
and silicification.

It was found in this study and examination of figured
examples in the literature that microstructure freqﬁently
varies both within individual cryptalgal structurés and
between structures in the same unit. Therefore, the study
of microstructure must necessarily be focussed 6n Ehat of

each lamina - the sedimentological and biological event -

that is’ the original stromatoid of Kalkowsky (1908),

s
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regardless of the type of cryptalgal s.'tructure (except in
the case of thrombolites which are unlaminated).

The microstructure of stromatoids of cryptalgal structures
in the St. George is investigated and an open-ended.classifi-
cation of recurring types 1is proposed that limits obseryational
bias toward outstanding or unusual characters. The classifi-
cation, which gives clues to the bioiogical composition of
mats a;ld sedimentary and environmental conditions, 1s
based on both the nature of parcticles comprising stromatoids
and their arrangement is space (that is, shape of fenestral
pores). It does not classify secondary alteration features
such as microbored micrite surfaces in thrombolites (Fig. 39A4),
neomorphic microspar and spherulitic spar patches (which
impart a speckled appearance to thrombeolites in reflected
light), and dolostone laminae. Stromatoids have apparently
not been affected by later compaction, and microstructure
is interpreted to be primary.

Seven types are isolated from petrographic study:
massive, peloidal, vermiform, tubiform, spongy, cavernous,
and cancellous (Figf 38). Gradat.ion between types 1is rare,.

Microstructural types

Magssive - Stromatoids are composed of micrite with no

porosity, are generally uniform and are less than 1 milli-
!

metre in thickness., This type of microstructure is produced

by the deposition of a single mudstone layer from suspension
of storm and tidal generation, It is an oft~fllustrated
microstructure in the literature, and is especially comnmon

in Precambrian forms.
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CRYPTALGAL
MICROSTRUCTURE

MASS I VE

VERMIFORM

TUBI FORM

CAVERNOUS

PELOIDAL

SPONGY -

CANCELLOUS

Sketches of seven stromatoids showing the different micro-
types Yepresented in St. George cryptalgal structures.
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Vermiform - Stromatoids with this microstructure are thicker
than massive stromatoids, and are composed of micrite that is
sometimes vaguely peloidal and potssesses abundant small,
approximately 100 microns in diameter, branching vermiform
tubular fenestrae (Fig. 39B). This structure is 40: con-
fined to cryptalgal structures but occurs in burrows in
mudstone and wackestone, and accordingly it is interpreted
to be likely due to compaction and shrinkage of pell‘eted
mud, probably around filament tufts. The "vermiform"
mihcrostruf:ture figured by Walter (plate 1, 1972) would be
considered peloidal to spongy here.

Tubiform - Stromatoids are thicker than the above, and
characteristically have fenestrae the shape of large,
approximately greater than 250 microns in diameter, often
branched tubes that are oriented in a vertical to sub-
horizontal direction (Figs. 40A,B,C). The stromatoids

are composed of micrite and the tubes sometimes contain
internal sediment. In sone examples, a gradation between
tubiform and spougy types occurs as the sediment Ehahges

to distinct peloids. The large diameter of the tubes
Suggests that they might be molds of filament bundles, but
may also be partly related to gas formation or bridging -
of pores by filaments, altered by sediment shrinkage due

to dewatering. Monty (Fig, 14, 1977) figured tlis type of
microstructure as a phalanx of vertical tubes and suggested
that the micrite around then wvas precipitated lﬂii_t_‘i'

This seems unlikely because the dliameter of the tubes is

probably teco large to be single filaments, and there is too
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much micrite f01: it to be simply due to the calcification
of filaments,

Cavernous - Stromatoids of this type are characterized by
large, irregular fenestrae, often with ragged boundaries and
connected to smaller fgnestral and interpraticle pores

(Fig. 39C). Sediment ranges from mud- & sand-sized. It L
can grade with peloidal micro'structur‘e. The irregular
nature of the fenestrae is primary, and undoubtedly caused

by bridging of large voids by algal filaments or decay of

filament tufts, as predicted by Monty (fig. 18, 1977),
Peloidal - Stromatoids are composed of small peloids with
interpraticle porosity, without significant development of
larger fenestrae except laminoid'fenesttae between successive
stromatoids (Fig. 39D). Stromatoids tend to be thin, less
than 1 millimetre thick. Synsedimentary radial bladed
cement is often present, as is internal sediment between the
pel‘oids. Gradation is found between peloidal and spongy
microstructures as interparticle pores become larger and
irregular. Peloidal microstructure is the result of
trapping of primary silt- and sand-sized peloids,

Spongy -~ Spongy microstructure is composed of small peloids
with interparticle pores and irregular but generally small
fenestrae between (Figs. 40D, 414A). Lamination or individual
stromatoids is not present in thrombolites, and in these
structures the entire column is spongy. Pores are lined
with or filled by synsedimentagzy radial bladed cement.
Gradation between peloidal and tubiform microstructures

occurs occasionally, depending on whether the structure is

\
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FIGURE 39

MICROBORINGS AND CRYPTALGAL MICROSTRUCTURE

Thrombolite iéyer corroded by spar-filled algal microborings.
Peel; scale bar 150 am; Isthmus Bay Fm.; ECW-98,

Vermiform microstructure in two Stromatoids, in hemispheroidal
stromatolite. Peel; scale bar 100 um; Isthmus Bay Fm.; IB-138,

Cavernous microstructure in several Stromatoids. Peel: scale
bar 1500 um; Aguathuna Fm.; IB-286.

Peloidal microstructure with elongate fenestrae, in cryptalgal
laminite. Thin section; scale bar 1500 Jm; Isthmus Bay Fm. ;
1B-134.







FIGURE 40
CRYPTALGAL MICROSTRUCTURE

- Photomicrographs

Tubiforwm microstructure showing vertically oriented tubes, in
hemisphetoidal stromatolite. Peel; scale bar 100 um; Isthmus
Bay Pm,; "ECW-B6.  /

/

/
Tubiform microstructure wirh internal sediment in tubes, in
thrombolite. Thin section; scale bar 1000 um; Isthmus Bay Fnm.;
IB-125.

Tubiform microstructure with internal sediment, in thrombolite.
Thin section; scale bar 1000 nm; Isthmus Bay Fm.; ECW-48.

Spongy microstructure with fenestrae lined with radial bladed
cement, in thrombolite. Thin section; scale bar 500 pm; Isthmus
Bay Fm,; IB-192.
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FIGURE 41
CRYPTALGAL MICROSTRUCTURE
Photomicrographs

Spangy microstructure with bound gastropod shell, in thrombolite.
Thin section; scale bar 1500 pm; Isthmus Bay Fm,; 1B-229.
Caq;fl‘lous microstructure showing micrite léttice-work, in thin
subtidal thrombolite layer. Thin section; scale bar 300 Amm;
Aguathuna Fm.; IB-303.
Cancellous microstructure showing calcified algal filament.
Fenestra and filament coated by radial bladed cement, in throm-

bolite. Thin section; scale bar 150 ym; Isthwmus Bay Fm.; 1B-192.

Alternating massive and vermiform microstructure in henispheroidal
stromatolite. Peel; scale bar 1500 um; Isthwmus Bay Fm.; IB-123.

.
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mud- or sand-rich. Peloidal stromatoids sometimes pass
into unlaminated spongy microstructure on the flank of stacked 4
hemispheriods. Spongy microstructure resulted from the
irregularly timed and irregularly disctributed addition of
sediment, usually in th; form of peloids, in ;ge subt%dal

zone. The.microstructure of Proterozic s;rOmatolites L
illLstrated by Cloud et al. (1974) would be classed as

spongy, making their interprectaticon of the sediment-filled

tubes between columns as fluid escape tubes most unlikely,
Cancellous - This cellular microstructure is characterized

by small but somewhat elongate upwards fenestrae forming a
retiform or alveolar lattice of micrite walls (Fig. 41B),

This micrite is denser than other micrite in stromatoids, and
in some casgs the walls are micrifié rinds about filaﬁents
(Fig. 41C). This rare microstructure is the result of micrite
precipitation on mat filaments, creating a porous tufa-like
stromatoid. This process of cementation has been described
from many modern crvptaleal structures (Praté, 1979) .

.: Distribution of microstructures

Table 4 shows the relative abundance of microstructures
in thf various cryptalgal structures in the St. George
(oncolites are left out dué to their scarcity). Microstruct&res
usually occur in combination within iﬁdividuaI cryptalgal
structures (Figs. 41D, 42A,B,C,D), sometimes separated by
laminoid fenestrae, except in thrombolites which are usually
composed entirely of spongy microstructure. Ctyptll;il ’
laminites are, when undolomitized, usually composed of

alternating massive and peloidal types, The massive

stromstoids in some cases may be deposited during the same
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FIGURE 42 ‘ L

CRYPTALGAL MICROSTRUCTURE

A. Massive and peloidal microstructure, in hemispheroidal stromatolite.
Peel; scale bar 1000 Am; Isthmus Bay Fm.; ECW-75,

B. Massive and peloidal microstructure, in hemispheroidal s8tromatolite.
Thin section; scale bar 1500 jum; Isthmus Bay Fm.; IB-81,
’ C. Cavernous and vermiform microstructure together in same stromatoid,

in thrombolite. Thin section, scale bar 1500 ym; Isthmus Bay Fm,;
BH-116. . ’ :

D. Tubiform and ve‘rmiform microstructure, 1in thromb‘olite. Thin
section; scale bar 1500 4m; Isthmus Bay Fm.; IB-178.

%
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CRYPTALGAL
LAMINITE

HEMISPHEROIDAL
STROMATOLITE

COLUMNAR
STROMATOLITE

THROMBOLITE

==

MASSIVE

X

P

X

VERMIFORM

TUBI FORM

" CAVERNOUS

PELOIDAL

SPONGY

CANCELLOUS

]

/

~ Microstructure distribution

X- TYPICAL
P- PRESENT

R- RARE

Table 4. Distribution of microstructures in cryptalgal structures
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event as the underlying peloidal stromatoids. Hemispheroidal
Btromatolites are more variable, with alternations of I;Jassive,
peloidal, vermiform, and cavernous types, or alternations of
vermiform and tubiform types. Columnar stromatolites have
alternating spongy and massive types, the latter sometimes
burrowed. Mud-rich thrombolites oftepn have tubiform and
vermiform microstructure in the same stromatodfid.

- The alternation of microstructures wasg caused by changing
sedimentological,conditions and biological characters and
features of the algal mats (discussed later). The simple
alternation in cryptalgal laminites reflects great distance
from the subtidal zone where sedimentary particles originate,
and addition during storms and high tides only. Thrombolites
. usually have a single type of microstructure, spongy, because
sedimentological conditions are stable in the subtidal zone
where they grew. Columnar Stromatolites, interpreted to
ﬂ'ave formed in the low intertidal zone, show the effect of
oscillating conditions characterizing the intertidal zone:
spongy and massive stromatoids deposited by suspension during
alternatiﬁg agitated and inx:[éter Periods. Hemispheroidal
stromatolites have the most variability in microstructure
reflect ing variability of size of gsediment that 1s deposited,
timing related to tidal cycles and storms, and mat surface
textures (which may also be related to biologica_l compositi?n

of mats).

\
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ALGAE
Renalcis

Description - Renalcis Vologdin, 1932 is a problematical

Paleozoic micrite~-walled chambered microfogsil (Wray, 1977).
It is quite variable in shape and may include a number of

synonymous forms (Riding and Wray, 1972), Repaleis is a #
very important component of many Lower Paleozoic reefs,

from the Cambrian to Devonian (Wray, 1971; Riding ahd Toomey,

1972; James and Kobluk, 1978).

In the St. George,masses of Renalcis occur in the
bioherm complexef at Green Head and in Hare Bay, and individual
Renalcis occur within thrombolite mounds at two horizons in
the upper part of the Isthmus Bay Formation on Port au Port
Peninsula (Fig. 43A) and in cryptalgal intraclasts in the
Catoche Formation. 1In the Green Head bloherm complexes,
Renalcis masses are free-standing and coalescing heads
(Fig. 43B), encrusting walls on thrombolite mounds, and
encrusting m.anes and drapes around corals., 1In rare cases
Renalcis is found wicthin thrombolites, The matrix between
Renalcis individuals is micrite (mudstone) with fenestrae
filled with synsedimentary radial bladed cement. . In reflected
light, Renalcis is tan-colpured in a dark-coloured mudstone
matrix; in thin section, it is composed of micrite that 1is
finer grained and darker than matrix mu&stone and cryptalgal
material. The shapes of Remalcis and similar forms are
variable, and four basic categories are distinguised, with
only the first p'roperly asaignable to the gemus Renalcisg:

(1) '"typical' chambered form where successive lunate chagbers




FIGURE 43

RENALCIS

4
Vertically oriented slab of light-coloured curtain of Renalcis
(R) hanging into a sediment-floored cavity within a thrombolite
mound. Scale bar 1 cm; Isthmus Bay Fm.; IB-232,

Horizontally oriented slab of the outer margins two caalesced
heads of light-coloured Renalcis in a dark-coloured micrite matrix.
Scale 1in cm; Green Head bioherm complex, Isthmus Bay Fm.

Thin section photomicrograph of Renalcis, oriented upside_down,
showing lunate chambers increasing in size in the direction of
growth. Scale bar 300 am. Green Head bioherm complex, Isthmus-
Bay Fm.

Thin section photomicrograph of arborescent grape-like "Renalcis"”,
oriented upwards. Scale-bar 300 ym; Green Head biocherm complex,
Isthmus Bay Fm,
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FIGURE &4
RENALCIS S !

Thin section pHotomicrographs

S
/s
7

A. Grape-like clotted and chambefed "Renalcis". Scale bar 300 }I;n;
Green Head bioherm complex;’ Isthmus Bay Fm.

B. Grape-like clotted and chambered "Renalcis" with unusual elongate,
winding spar-filled chamber, growing into cavity in thrombolite
mound. Scale bar 500 um; Isthmus Bay Fm.; 1B-234.

C. Cellular chambered "Renalcis'. Scale bar 300 am; Catoche Fm.;
Table Mountain.

D. Shrub-like "Renalcis", showing short diverging branches. Scale
bar 300 um; Green Head bioherm complex; Isthmus Bay Fm. 1

-
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of varying size build sfmple to complex botryoidal aggregates,
sometimes producing '"microstromatolites™ when the diameter

of the chambers increases in the direction of growth (Fig. 43C),
(in many cases , aggregates are composgd of both the chambered
and grape-like clotted form (Figs. 44A,B), (2) irregularly
shaped chambers.sometimes forming clumpé of irregular cells
(Fig. 44¢C), (3) grape-like masses of small, occaﬁtonally

hellow clots that are arranged in an arborescent fashion

(Fig. 43D), (4) shrub-like aggregates of short narrow

micrite branches which in cross—sectionlappear Bs clusters

of peloids (Fig. 44D). .Elongate chambered forms and irregular
clots are commonest when the gravth vectors are downward

or sideways, such as when expanding into cavities,

Arborescent clots are commonest in free-standing heads

where growth vectors are upwards and divergent, Shrub-1like
forms are rare and haQe upward growth direction., The irregularly
cellular chambered form vccurs within thrombolftes, All
Renalcis chambers are filled with synsedimentary radial .
bladed cement.

Interpretation - Renalcis has been variously interpreted,

recently as a foraminifer (Riding and Brasier, 1975) and as
permineralized clumps of coccoid blue-green algae (Hofmann,
1975; Brasier, 1977). It is difficult to envision a
forminiferal origin due to the high variability of shape

and the colonial fashion forming large masses. Hofm#nn (1975)
Presented a mechanism for the formation of Rdnalcis vhereby

the dark walls and li1ght-coloyred chambers resulted from

pigment gradients within gelatinous colonies of non-
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calcareous chrooéoccalean algae, 'The larger calcite crystal
size of the "chanbers" was thought to be due to inhibition
of crystallization in the pigmented marginal "walls".
Observation from the S5t. George shows that chambers are
alwaysifilled with synsedimentar& cement crystals thch
radiate from the walls, and therefore the chambers were
priﬁary voids. Accordingly, Hofmann's (1975) algal inter-
pretation is modified: it is suggested here that Renadlcis
is a diagenetic taxon formed by calcite permineralization
(calcification) of the blue-green algae. Clotted shapes
were formed by permine;alization of smaller clumps or more
complete permineralization of the sheath and contents,
Successive clumps of cells grew on hard permineralized/
substrates. Permineralization was calcitic, and not |
aragonitic, because all primary aragonite fosails 1in Ehe
St. George were selectively leached, and Renalcis never shows.
signs of this. | ' -

It i1s not clear whether permineralization affected
every algal clump that grew, or whether many cells grew,
died, and rotted away before biogeochemical conditions
were just right to promote calcification. Based on the .
fact that coccoild blue-green algae have a rapid growth rate,
but that Renalcis did not grow faster that thrombolite
columns which probably did not accrete rapidly (that is,
not even 1 millimetre per‘year est imated for colloform
mat mounds in Shark Bay by Logan et al, [1976]),perm1n—

eralization was probably only an occasional event of liying
\

and/or dead Eells, probably during conditions of extremely
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vigorous agitation and oxygenation, which are known to
promote cementation in modern reefs (James et al., 1976),
It is also not clear why these coccoid cells became
calcified and other, probably filamentous, types that #
constitute thrombolite-forming mats did not. This is

likely due to specific organic composition of rhe sheaths

which are variable in modern algae (Chapman and Chapman,

1973). -

The microfossil Epiphyton Bormemann, 1886, which is
composed of dendritic micrite branches, occurs 1in resedimented
boulders of Lower Ordovician age in the Cow Head Group
(N.P, James, pers. comm., 1978) but not in the St. George
Group. It is proposed here that this form is also a
diagenetic taxon formed by pe;mineralization of coccoid blue-
‘green algae, based on the occurrence of shrub-like Renalcis
which appears to be a form transitional to true Epiphyton.

Girvanella
Description - The algal genus Girvanella Nicholson and
Etheridge, 1878 is a well known microfossil consisting of
flexuous tubes of uniform diameter with walls composed of
micritic calcite crystals (Fig. 45A), It is relatively
common in the St. George (Fig. 4s), occurring mostly in
burrowed fossiliferous wackestone of‘lithotope G (subtidal
shelf facies), twisfed or entwined into clumps or 'snowballed'
where the tubes are concentrically arranged (Fig. 45B),
with a mudstone matrix. In some Brainstone pockets in

lithotope G, Giryanella occurs a8 rounded intraclasts

(Fig. 45C) whose frequently micritized boundaries cut the

-~
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FIGURE 45 q
GIRVANELLA
Thin section photomicrographs
A. Girvanella tubes, cross- and longitudinal sections. Scale bar
100 ym; Aguathuna Fm.; NE Gravels.
B. "Snowballed" Girvanella tubes with micrite mati'ix, in subtidal
biomicrite. Scale bar 300 um; Catoche Fm.; PAC-38.
Y
C. Intraclast of Girvanella tubes with micrfte matrix in biosparite.
Scale bar 150 am; Catoche Fm.; PAC-38.
D. Girvanella tubes forming lamina in stromatolite. S$cale bar 300 am;
Aguathuna Fm.; NE Gravels.
P
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OCCURRENCE OF
GIRVANELLA

CLUMPS SNOWBAILLED

253 Simplified sketches of the six modes of occurrence of
2 as observed in thin sections of the St. George.



L

tubes which are embedded in both mudstone and sparry calclite,
Girvanmella is also found loosely encrusting the walls of now

spar-filled burrows; the tubes do not show evidence of

having been packed into the burrows by bioturbating organisms,
A wart of Cirvanella was found encrusting and penetrating the
intericr wall of 3 squat horn-shaped archaeoscyphiid sponge.

Girvanella has been commonly reported as forming laminae

of stromatolites (e.g.: Ahr, 1971; his illustrations show

what are better interpreted as vertically oriented fenestrae

rather than spar-walled tubes), but in the approximately 250 thin

sections and peels of cryptalgal structures of the St. George, only

one sample was found where Girvanella occurs in this way.,

. It forms a discontinuous and loose layer with intercalated

entrapped peloids ‘and micrite (Fig. 43D). As pointed out

by Riding (1975), Girvanella is 'not a boring as held by
Klement and Toomey (1967) and Toomey and Lemaone (1977, their
“"totally bored intraclast” of figure 2C is interpreted as

an intraclast of spar-cemented Girvanella tubes with a micrite
envelope), and microborings attributable to algae, which

are common in the St. George, are not considered here,

Interpretation - A number of authors (e.g.: Kobluk and Risk,

1977; Riding, 1977) have argued convincingly on the basis of
modern analogues that Girvanella is a diagepetic taxon resulting
from calcificacion onrthe outside, and possibly within,
blue-green -algal filament sheaths, .The growth forms found

in the St. George Croup indicate that, at least in the Lower

Ordovician, the blue-green alga that became Girvanella on

calcification was only an encruster of sediment or stable .
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tal substrates. It grew as loose entwined or tangled

even within burrows (possibly subsisting as a
R 13

rotroph?), and could be swept off while still soft
lncalcified, and rolled about, as shown by the "snow~
Bt £i]laments. The single occurrence within an inter-
stromatolite indicates that stromatolite surfaces
occasionally be suitable substrates, probably only
mat-forming algae were temporarily killed.

3lcification was synsedimentary as indicated by the

aclasts of Girvanella tubes, and occurred on the sea

before burial, as indicated by the 1a?k of mud matrix
e of these intraclasts. Calcification took place
normal marine conditions as suggested by the character
limestone matrix. The "snowballed" tubes were torn
rolled about before calcification as calcified tubes
obably not sufficiently flexible. Burial and

ation of mud after calcification accounts fpr the

te matrix between most Girvanella tubes. While the

filaments may have been considerably grazed and browsed
nisms, snowballed filaments indicate that uncalcified
€nts existed on the sea floor for enough time to be
about. Calcification, a passive diagenetic process
to the biogeochemistry of secretions or breakdown

S, Probably did not occur every time the Girvanella-

blue-green algal filaments grew, otherwise Girvanella

€ expected to be more abundant as modern filamentous
€eén algae have a rapid growth rate, It follows there-

it the calcification process must have -only occurred
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in uneaten dead filaments, when biogeochemical conditions
associated with rotting favoured calcification.

Girvanella is never found in higher energy grainstonesr
likely because of the fragile nature of the calcitied fila-
ments which would not have survived transport. The apparent

1

preference of the Girvanella filaments for subqidal areas
2orte=uesta |
is probably real, otherwise more of it should Have been

discovered in the intertidal facies as the calqite cementing
regime is the same as the subtidal or even enhnfaccd because
of possible fresh water influence. The modern analogl;es
describe;i by Riding (1977) from fresh water pools, Hardie
(1977) from fresh water stromatolite marshes, and Kobluk and
Risk (1977). as calcified epilithic boring algae do not serve
as acjlequate analogues for Girvanella growth o'c':q:urrenues in the

§%. George.

SUMMARY

Morphology and Sctructure

Laminated and unlaminated cryptalgal structures are
abundant and of diverse shapes and internal structures.
Shape, lamination, and stromatoid microstrucure are related

to environmental factors such as degree and episodicity of
N TN,
J

sedimentation, length of time between events, total sediment

influx, sediment size, scour, synsedimentary cementation,

and algal mat surface textures (Figs. 47; 48). A classifica-
N o

L
.

tion scheme has been proposed for stromatoid microstructures
(53
that can be expanded to include types not recognized in the

St. George.

Thrombolite mounds in the St. George are special in
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Figure 47: Cryptalgal "morphologram" relating cryptalgal structure types to eachother with supratidal
cryptalgal laminite (1) on the left and subtidal thrombolites (7) on the right. Structures between are
intertidal wavy cryptalgal laminite (2), laterally-linked hemispheroidal stromatolites (3), stacked hemi-
spheroidal stromatolites (4), compound stromatolites (5), and columnar stromatolites (6). The parallelo-
gram lines show the paths of morphological transitions; the black area shows the path of transition from
supratidal to subtidal forms and shows that compound stromatolites do not grade with thrombolites.
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Figure 48 Zonation of cryptalgal structures with depth, on a'hypothetical shelf profile,
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that in places they have framework elements that jinclude
Renalcis (calcified blue~green coccoid algae), the ancestral
coral Lichenaria, and spongeé. Thrombolite mounds are in
fact well-developed reefs, lower in diversity than most
younger reefs, but supporting a benthos that oceupied all

the major niches and represented all trophie feeding groups,
The presence of abundant gastropod grazers suggests that they
Played little or no role in restricting Phanerozoic
Sstromatolites, and other factors are deemed more important
(Pratt, in prep.).

Blue-green algal communities

On the basis of fossil evidence, microstructures,

and comparison with modern analogues, some sSpeculationeg

can be made as to the nature of the distribution and types

of Lower Ordovician blue-green algae. The taxonomj of
living blue-green algae (Cyanobacteria, Cyanophyta) is in
an unsatisfactory state (Brock, 1977, among others) due to
uncertainty of the affinity of the vhéle group and the
validity of taxonomic distinction on the basis of morphology;’
It is therefore essential that taxonomy of\fgssil blue-greens
be cautious, especially in the case of diagenetic taxa

]

strongly affected by environmental factors, 1In fact, most

of the sﬁecies of Epiphyton, Girvanella etc. are likely inyalid

because they are based on characters of doubtful biological
distinctiveness., The taxonomy of diagenetic taxa shoﬁld be
considered in the same way as stromatolites and trace tossils,w
that is, regarded as form-genera and form-species,

Coccoid blue-green algae probably favoured the yifgorous
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subtidal conditions of biohermal areas, as their calcified

remalgs neéver occur in stromatolires or other deposits,

Upon calcification, these cells formed Renalcis, Epiphyton,
_—0d many intermediate forms related to growth habit and -

environmental parameters.’ .

Spar-filled tubes made by borlng algae are common, on

hardground surfaces, Jﬁ some thrombolite stromatoids, and

within allochems, and are similar to examples described by
Klement and Toomey (1967) and Toomey and Leméne (1977).
Only one type of microboring can ﬂ@'distinguished, though some
micrite envelopes around alln;ﬁéms may ;lso be due to other
boring algal types.

A loose flocculent algal mat, probably filamentous,
must have covered much of the subtidal sea bottom, occuPy ing
a se&iment—stabilizing role just a; it does in modern
environments (Barhurse, 1967), to providé food for the
abundant grazers. It is Probable that the same algal type

was present.in the reef cavities at Green Head and formed

. -
cryptalgal laminated sediment on the walls and floors
because of protection from erosion and grazing. Also living
on the subtidal sea bottom were loose tangles and tufts of

filamentous ‘blue-green algae that calcified on death to
produce Girvanella. This alga‘u;s probably* abundant but was
fragile and liable to mechanical breakdown. That Girvanella
calc1f1ed and the flocculent filaments did not is probably
related to dlffering composition of the' sheaths, a feature

noted in modern blueé-green (Chapman and Chapman, 1973},

In modern environments, algal mats are usually poly-




131

specific and are composed of communities of different types,
though one type is often dominant (e.g,: Neumann et al,, 1970;
Logan et al., 1974: Gebelein, 1974; Monty, 1977), GColubid
(1977) reviewed the environmental effect on biological
composition of mats; species diversity 1s lov in harsh
environments and increases in the subtidal. The algal
communities that formed St, George cryptalgal structures can
only be guessed on the basis of stromatoid mic?ostructure,
even though it is partly rglated to environmental parameters,
such as desiccation. In subtidal structures, cancellous
microstructure appears to have been produced by prostrate
filamentous forms that frequently calcified, Spongy micro—-
Structure is very consistent in character, suggesting that
the mat community was stable. The elongate fenestrae may
have been producéd by filamentous forms, though modern
micmostructures somewhat similar, produced by the celloform
mat in Shark Bay, are constructed by coccoid algae (Logan

t 1,

_— et

1974), The variability in microstructure in inter-
tidal stromatolites probably reflects in Part true differences
in the algal composition af'mats, 8 commonly noted character
of modern intertidal mats, such as those in Shark Bay,
Cavernous and tubiform microstructures were Probably formed

by tufts or "cords" of robust filaments, possibly 0£¢{he same
type but forming different surface textures, Vermifor
micTrostructure was likely formed by a finmely filamentous

type; bran;hing of the fenestrae may be "false" and not from

branching filaments, Peloidal and massive wmicrostructures

provide no cYues as to the original mat composition, except -

e Tt PUNPR LR
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that the lack of fenestrae suggests small algal cells,

Not every mi;rostructural type necessarily was produced

by the same community because environmental parameters
might outweig h any bio}ogical role, The speculations
involved in trying to guess the biological nature of algal
mats from ancient deposits are very tentative when per-
Ridngralized remains are not found, Caution is stressed,
esgécially in dealing with Precambrian forms; for example
peloidal microstructure ("vermiform" of Walter, 1972) in
lare Precambrian stromatolites is attributed by Gebelein
(l977)_to trapping by eukaryotic algae, but this is regarded here

as extremely doubtful.
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/ CHAPTER 4 - DIAGENESIS

i

INTRODUCTIOQN

The roc%s of the St. George Group were examined
\

petrographicdxly to determine the different stages of
diagenesis ;p&olved in their lithogenesis. The rocks are
peLrographiéally similar‘to‘other carbonates of Lower
Paleozoic age debosited in shallow- water, and show diagenetic
stages rthat include silicate authigenesis, chertification,
calcite cementation and neomorphism, dolomitiz%tion, minor
.evaporite precipitatiop, and economic zinc mineralization.
Petrtographic aspects of the St. Geor%e have only been studied
in a reconnaissance fashion by Smit (l9il) and Swett and Smirtc
(1972). This chapter outlines the types qf diagenetic
features, their interrelationships, and their sequence of
formation. Special.attention is given to opoid formation and'

dolomitization.

CALCITE
Cementation
Introduction - Calcite cement is fouad mainly in primary fepestrae,
interparticle and intraparticle pores, in moldic pores after
molluscs, and in fractures. Two types of cement are distinr-
guished 1in the S5St. Geérge: radial bladed cement and spar
cement. : ; '

Radial bladed - This cement is composed oé bladed cfystals

25-100 microns in length and 5-10 microns in width, and-is.
cream-coloured in thin section. Radial bladed cement is non-

ferroan, non-luminescing, and alwaye occurs as a firse Ptage
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isopachous fringe, commonly preserved in chert nodules, This
cement is found in interparticle pores op grainstone intra-
clasts, hardgrounds, intertidal grainstones, in fenestrae of
thrombolites (Fig. 49A), in sediment-floored cavities in
boundstones, and in chanbers of Renalecis,corals and gastropods,

This cement is interpreted as synsedimentary marine
cement for the following reasons: (l).isopachous nature of
fringe indicatiné fluid-filled pores, (2) occurrence and
loca®lization in hardgrounds and thrombolites, (3) occurrence
in intraclasts within grainstones otherwise cemented by
spar cement, (4) occurrence in fossils cementing internal
sediment that defy final geopetal relationships, (5) occurrence
as'bands within grainstones otherwise cemented by spar
cement,:and (6) it is the only cement type that is cut by
synsedimentary erosion. It is interpreted to have been
originally calcite as opposed te aragonite because all
fossils presumed to have been originally aragonite, such as
Bastropods, are always leached{ Radial bladed cement‘;eems
to have undergone slight syntaxial overgrowth during spar
cementation,.as evidenced by: (L) radial bladed fringes
are followed by relatively large spar cemenf crystals,
rather than the normal sequence of crystal size increasekinto
the pore, (2) the blades are not perfectly isopachous,‘and
sharp‘boundaries between fringes and spar mosaics are not
present, (3) the cream colour of the radial bladed cement
does not extend to the tips of the blades.
Spar - Spar cement is typically equant calcite crystals,

10-20 microns in size on pore edges, and increasing in size

ol B B
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towards pore centres to maximum of several hundred microns

(Fig. 49B), 1t 1is non-luminescing, may se slighfly ferroan

in the last stage of pore-filling, and’ is commonly in

optical continuity with pelmatozoan, tr{lobite, and brachio-

pod substrates, forming elongate crystals when syntaxial on

the latter two fossil types (Fig. 49C).; The cement is

normally inclusion~free, except in one case vhe;e they outlined
p;iamattc crystals 500 'microns ip‘length and 100 microns

in width that later mergéd-into an equant mosaic. Early

stages of terminated spar crystals are sometimes preserved

in chert. Spar cement is found {¢n interparticle pores,

mollusc molds, shrinkage cracks, tectonic fractures (Fig. 49D),
ané burrows. The micrite matrix 1s commonly compacted around
spar-filled burrows. Tectonic fractures are filled either by
large spar cgyétals. or by palisades of narr&w :ectangular :
crystals. Large prismatic crystals sgveral millimetres in //

length are rare but fill primary cavities in the Green Head

reef complex, large‘solhtion vugs associated with epigenetic

dolomitization, and fractures within a subaerial rubble
from the Aguathuna Formation. 1In fractured clasts from thHe
rubble, crystals contain numerous bands of inclusions (Fig. 49E),
and growth was 1nterruptgd by interpal sediment.

Spar cement is interpreted to be a buri;1 cementation

stage'bécause: (1) it occurs later than radial bladed cement ,

E
(2) 1t is a cement habit unknown as a synsedimentary marine

cement, (3) it is not facles specific, (4) it f1114 fossil
mélda, (5) it fil1ls tectonic fractures that wvere fot surface
features. Cementation began soon after burial b;cause

|
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FIGURE 49
L’ CALCITE CEMENT AND NEGMORPHIC SPAR
/ Photomicrograpfxs
A. Radial bladed cement followed by blocky spar cement in a fenestra
of a thrombolite. Peel; scale bar 150 am; Isthmus Bay Fm.; ECW-82,

N B. Spar cement mosaic in interparticle pores. Peéel; scale bar 150 um;
Aguathuna Formation; IB-287. .

C. Elongate spar cement syntaxial on ?o0id Peel; scale bar 150 um;
Isthmus Bay Fm.; BH-123. )

D. Two tectonic fractures, the first cemented by a palisade of &
rectangular spar crystals, the second cemented by blocky spar. \
Scale bar 300 um; Isthmus Bay Fm.; ECW-9. _

E. Subaerial fracture filled by prismatic spar with inclusion-rich
growth bands and an internal sediment layer. Peel; Scale bar
500 um; Aguathuna Fm.; NEG-12.

F. Coalesced spherules of spherulitic neomorphic spar replacing
thrombolite column. Scale bar 150 um; Isthmus Bay Fm.; ECW-86. - e
J
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it cements upside-down geopetal ocolds, the infitial stages
are preserved in cherts, and burrows are not conﬁacted
whereas the micritic matrix usually is. This implies that
leaching of aragonite fossils occurred soon after burial,
which is evidenced in‘tare cases where the molds have been
penetrated by burrowers. Spar cementation occurred under
phreatic conditions, but it is not certain whether meteoric
waters always playéd a role. However, spar cement in the
Catoche Formation suggests that a meteoric influence 1s mot
indicated because subaerial exposure Iin this formation was

limited to scattered horizons of intertidal beds. The

spar palisades that fill some tectonic fractures indic;te

cementation while fracturing occurred. The spar filling

subaerial fractures in the Aguathuna  Formation ig interpreted

to have been influenced by metecric conditions because of

. F ’
~integnal sediment Interrupting crystal growth.

Neomorphism

Introduction - In the St. George, three different neonorﬁhic

fabrics that replace calcite grains, matrix, and‘cenent have

been recognized: (1) spherulitic spar, (2) microspar, and

(3) pseudospar.

Spherulitic spar - Thls calcite occurs as isolated, roughly
\

circular spherulitic patches 100-150 microns in diameter, which
coalesce to form botryoidal masses. Individual spherulites,
cream-coloured in plane light, are composed of calcite

needles 50-75 microns in length and 5-7 microns in width, that .

radiate from a central peint (Eig. 49F). They are neomorphic

because: (1) they replace pnly micritic clasts and thrombolites,
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(2) replacement is\J;t always complete and spherulite s
boundaries do not coincide uith clast and thrombolite boubldaries,
(3) botryoidal masses are large but are never cut by
synsedimentary erosion. [t never exhibits pore-lining cement
fabrics. They sre never in contact with cements, though have
replaced radial bladed cement of thr3mbolite fenestrae. They

. . are replaced by chert and delomite, embayed by microspgt,

. and sutured by scylolftes. .

‘Spherulitic spar appears to be reported here for the first

time. [t formed early during burial because it is replaced '
by chert. * @
. .
= Microspar - This calcite is composed of equant intérlocking,

bﬁt not sutured, crystals 4-1310 micton§ across (Folk, 1965),
averaging 10-135 microns. It occurs around butrpus, as la;ge
'irregular patches in wackestone ‘and mudstone KFig. 504),

and as internai sediment within burrbws‘aﬁd other cavities.
Most of the original micrite in the St. George at Hare Bay
is now present as microspar. Trilobite fragments are oc-

casionally partly altered to microspar (Fig. 50B). Micro-

spar is neomorphic because it: (1) replaces originally

calcitic material, (2) always replbggiwmicfite except when
replacing trilobite fragments, (3) is never in primary

contact with cement, (4) is never cut by synsedimentary

v 4 ! 4

erosion.‘ Replacement occurred after chertification, before
dolomitizarion but also after dolonitization at Hare Bay, ' . -% ¢
and before stylolitizatign. A . - 1

Microspar was shown by Folk (1965) to bé product of

aggrading ;ecrysfallization'of micrite. This is true for

‘ .
’ ‘

P o 3
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the St. George, but it also replaces criginally fibrous
trilobice fragme‘\fs, and is a product in such cases of graig
diminuition. It occurred during burial afrer chertification
but before dolomitization and ther;fore likely concurrently
with later stages of Spar cementation.

Ps'eudosga} -~ This Bepmorphic calcite 1s larger than microspar
(Fol.h 1965). It accurs as large patches replacing bioclasts,
nictite and cement in grainstones (Pig. 50C), and along
stylolites (Fig. 50E). One example was found of radial
pseudospar, sil;:ilar to the stellate mass of “radial-
fibrous" spar figured by Bathurst (fig. 332, 1971), that
rei;laced icrire (Fig. 50F)., Unnlterepd micrite grades to
microspaq, equant .pseudospar, and large radiaFl calcite
blaéis se&eral millimetres in length. Pgeudoj par also

is ,never peen in primary contact with cement, cut by syn-

sedimentaty erosion, nor as transported clasts. It occurred

after che‘tification, before dolo-itizntion, but also after

do‘lomitizét'\ion at Hare Bay, ‘J
Pseudos'fxar vas shown by Folk (1965) to also be a
pro‘auct qf aggrading recrystnlll:ati.on, which| 18 true also
for the St George. Its occurrence after chertification |
and before ’dolo-itization sukgesta ‘that, 1ilce flcroupa;.

Kit may have been concurrent with later stages of spar

t¢mentation. Formation on stylolites suggests that burial

Pressure caused recrystallization.

T T et St At o b e




140

FIGURE 50

NEOMORPHIC CALCITE

Photomicrographs

Microspar sutured by stylolite against unaltered micrite. Peel;
scale bar 500 um; Isthmus Bay Fm.; BH-123, '

Normally f\ibrous microstructure of trilobite fragment (between
arrows) partly replaced by wicrospar. Thin section; scale bar
150 um; Catoche Fm.; Port au Choix.

Fossiliferous grainstone replaced by pséudospar. Thin section;
scale bar 150 um; Catoche Fm.; 'Port au Choix.

Micrite replaced by pseudospar around peloids. Peel; scale bar
150 am; Isthmus Bay Fm.; BH-123.

Fseudospar generated during stylolitization. Thin section; scale
bar 1500 um; Aguathuna Formation; 1B-287.

Radial pseudaspar grading to microspar, to unaltered micrite.
Thin section, scale bar 1500 am; Catoche Fm,; PAC-63.

.
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OOLITES

Introduction

Oolitic units are rare in the St. George, occurring
as scattered particles in fossiliferous grainstones, and
with intraclasts in the intertidal and supratidal Facies,
They are described here because of their well-preserved
fabrics that relate to ocoid genesis and the diagenesis of
the St. George as a whole. Three type® of ooids are

distinguished on the basis of petrographic character of

v

the corcex: (1) radial, (2) concentric, and (3) combination.

Radial

Ooids with radial microstructure are the most common
and range in diameter from about 0.3 to 0.6 millt-
metre. Nuclei are usually peloids, rarely fossil fragments,
They are composed of radially’oriented acicular calcite
cry#tals that usually comprise the entire width of the
corte£ and are often preserved in chert. brystals are
narrow, we;ge-shaped, po;nting to the centres, and widen
to a width of 5 to 10 microns (Fig.51A).Concentric banés
of~1nclusions somgtiﬁes occur ‘and radial bladed cements may

A .

be syntaxial with the radial crystils of the ooids. .Radial-
ocoids are creafrcoloured in plane light, and .in polarized
light the characteriatic pseudounixfal cross is seen which
is less well developed when radial crystals are coarae,
Inperfections in fhe radial microstructure occur when:
(1{ radial cryétals sometimes do not radiate from the ooid

nucleus (Fig. Flﬁ), (2) large Tays of crystals are separated

by micritic areas producing a stellate patterm (Fig, 5lc),

A}

[P .
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(3) only segments of the cortex are radial, the rest Seing
concentrically banded (Fig. 51D) or micritic (Fig. Slé).
' Concentric

Concentric ooids tend to be larger than radifal ones,
between 0,5 ané 1l millimetre in dfameter, and are most com-
monly found in chert; Concentric laminations are composed
of equant micrite, and in chert, equant or slightly radially
elongate microquartz, cryptoquartz, and fibrous microéuartz,
preserving concentric bands of dusty inclusions,

Two horizons containing silicified 'geopetali ('shrunken'
or 'half-moon') ooids and one horizon cont#ining geopetal
oolitic intraclasts were found in rocks of the supratidal
facies. In the cherts, bands of silicified oomicrite with
geopetal ooids (Fig. S51F) and bands of silicified oosparite
without alternate with no erosion surface between. In geo-
petal ooids, c;rtical layers have been leached, and the
nuclei or inner cortical layers and nuclei have dropped to
the bottom of the void. The crescentic cavity is filled
with chalcedony followed by megaquartz cement. One gilicified
micrite band contains scattered ooids that have been completely
leached and replaced. by megaquartz cement (Fig. 51G).

In oolitic intraclasts, geopetal ooids give upside-down
geopetal directions, and crescentic pores are filled by
equant calcite spar cement,‘
Combination
Ooids having combinatigons of the above microstructures

are in the same size range as &Oncentric voids, but are'un-

common. Radial and concentric /cortical lmyers alternate in
) ’ /!
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FIGURE 5]
00IDS . 0

Photomicrographs

0oid composed of radial acicular calcite. Peel; scale bar 150 om;
Isthmus Bay Fm.; IB-219.

Ooid wi;h isolated and small clusters of acicular calcite re-
placing micrite. Peel; scale bar 150 pm; Isthmus Bay Fm.; IB-161.

Oold composed of rays of acicular calcite separated by micrite,
Peel; scale bar 100 um; Isthmus Bay Fm.; IB-21.

Ooid with right side of, concentric cortex replaced by radial
calcite. Thin section; scale bar 300 um; Catoche Fu.; IB-268.

Ooid composed of acicular calcite with an unreplaced portion of
micrite cortex. Peel;_ scale bar 150 um; Isthmus Bay Fm.; ECW-86.

Vertically oriented silicified geopetal ooids in obmicrite. with
crescentic cavities filled by chalcedony and megaquartz cement.
Thin section; scale bar 500 am; Isthmus Bay Fm.; BH-34.

Vertically oriented silicified geopetal ootds in oomicrite with
overlying micrite bed containing one ocoid completely replaced
by megaquartz cement. Thin- sectibn; scale bar 500 am; Isthmus
Bay Fm,; BH-34.

v
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these ooids..and intraclasts in the same units can be

composed of smaller ocoids with the same sequence of inner
cortical layers.

i
. i
Discussion : . i

The formation of coids has been the subject of much -

\

discussion over fhelpast 100 years (Bathurst, 1971).

Both aragoonite and high-Mg calcite ooids are now known
from the modern marine environment. In using modern ooid

analogues to interpret ooids of the 8t, George, it must be

emphasized first that all allochens, principally fossils,
that are known or suspected to have been primary aragonife v
are now dissclved and replaced Sy cement. St, GCeorge ooids

are normally nevier preserved in this way, and therefore were

not compoused of laragonite., A stage of oomoidic ﬁorosity “j
has been seen only once, assoctated with geopetal ooids. 1Im
ﬁeopefal o0ids, chalcedony and éalcite spar cement are void-
fillingslonly, and never replaced pre-existing material,

Tﬁe proposal of Mazzullo (1977) that geopetal ooids resulted 1
from downward recrystallization of the carbonate cortex 1is
untenable for examples in the St. George, and his 1ntarp2etation
of the calcite mosaic in the crescentic areas as neomorphic .
spar, rather than cement, is .suspect, cebpetnl ooids

fpr-ed because some cortlcnl'layers were ‘ore solub}e than

others and were selectively leached. Up-gide down geopetal

ooids in intraclasts fndicate thnt_diasolﬁtlon of cortical
layers and initial cementation occurred in subaerially
exposed sediment. The restriction of geopetal coids in

oclite units to micritic layers suggests a hydrologic

N
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influence. Residence time of undersaturated rainwater
, would have been greater in the muddy layers which have
lower permeabllity than grainstone layers, confining
- legching of ooids to oomierites. Certgin-cortical layers
Wwere more su;ceptible to leachiﬁg, but the occurrence of
completely dissolved poids in the micrite layer indicate
that, under unusual conditions, entire ooids could not

5 . escape complete dissolution. This rules out the possibility

raed
H

that ooids contained both aragonite and calcite layers.

.

-

Carozzi (1963) argued that gecpetal ooids resulted from

selective dissolution of evaporitic layers 1in otherwise
calcitic ooids, but this is discounted because of the occur- i
rence of completely leached ooids, unaffected ooids in

.

the same oolitic unit, and lack of evidence for associated (’

evaporites. The suggestion éf F6lk and Pittman (1971) that
evaporités replaced primary calciumrcarbonate layers prior to
dissolution does not adequately explain the presence of
unaffected o0o0ids in the same rocks, and the up-side down
geope;al 00ids in intraclasts,which indicate that St. George
ocoids were primary calcite, as hﬁs beeﬁ suggesteﬁ for ancient
. oolds by Sandberg {(1975). Selective leaching would suggests
that they vere composed of the unstable form, high-Mg calcite,

as leaching low-Mg calcite would not be expected. Leaching

it w5

would have been influenced by the size, surface areca, anﬂ '
orientation of crystals, permeabiliry of cortidal layers, and
probably organic matrix uit%in ooids. 4 4
‘ . Acicular crystals of radial ooids n;e interpreted to be ' {
i

"neomorphic after conéentrically layered calclte because:

T

e ———— ——n s 10y o g . et L e

———
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-

(1) they often radiate irregularly frgm the nucleus, (2)

they occﬁr beside unreplaced micritic and concentriF cortices,
(3) nuclei are often indistinct and penetrated by acicular
crystals, and (4) larger stellate rays are separated by
micrite which does not embay them. Stellate rays similar

io these have been shown to be neogorphic in modern uncon-
solidated aragonitic Great Salt Lake ooids (Halley, 1977).
Harshal¥ and Davies (1975) have illustrated secondary higﬁ-

Mg calcite fadial microstructure that formed in unconsolidated

but inactive modern ooids. The o ientation of precursor

cortical crystals is unknown for Ht. George ooids, but may

LR

have included layers of finely radial crystals like those
described by Wilkinson and Landing (1978) and may have

exercised some control on neomorphism.  Néomorphism probably

y occurred before or just after earﬂy burial because syntaxial
spar cement occurs in some ooliticigrainstones. but in
others it exercised’no crystallogr%phic influence on the
first staga® of calcite spar cement; Preservation in some 1/  ‘1

* . cherts indicates early fornat%on. The presence qf radial
céystals in combination ocoids, and associated smaller

ooids 'fossilliied' in the bioclasts during earlier stages

of growth, suggests that neomorphism may have occurr!d”syn-'

o JUU

depositionally, possibly during quiescent periods. Thus,
evidence suggests that neomorphism was early and took place

in unconsolidated and partly consolidated buried oolitic

unlta;

B O

. A &




of protodolomite which later,after slight burial in
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DOLOMITE

L Introduction »

Dolomite is ubiquitous in the St. George, and dolostones
are characteristic of the Isthmus Bay and Aguathuna Formations,
occurring locally in the Catoche Formation. Three separate. {

stages of dolomitization are recognized: syngenetic, diagenetic,

and epigenetic dolomitization.

Syngenetic dolomite

Syngenetic Or penecontemporaneous dolomite is normally
inferred in studies of ancient shallow-water carbonates,”
on the basis of the occurrence of Penecontemporaneous . N
Protodolomite in some modern s;pratidal cryptalgal‘crﬁs;s.
Friedman and Sanders (1967) discussed in great deteail ancient -

LY
examples of syngenetic tidal flat dolostones that‘forned‘

shoreward of marine limestones, but in nan} of these examples
the inference is iﬁsufficient and they resemble diagenetic {
dolostones described in this study. In only o;e sample in
the St. ceofge'vas evidence of penecon;emporaneﬁus dolomite
unequivocal. Nearly opaque brown-coloured ferroan micro-
dolomite intraclasts were found silicified inia e;pratidal
graionstone. Rhombs less than &4 wicrons across were replac’d
on the clast margins by later larger ferroan diagenetic
dolomite rhombs. The small size and pre-chert formation

of the dolomite suggests penecontemporancous precipitation

reducing conditions, stabilized to ferroan dolomite,
i : '

R s JUvp

Diagenetic dolemite

Description - Dolomite of this type'is'uagayly slightly to -




148

strongly ferroan and zoned. Crystal size ranges from 15

to 300 microns, but is commonly 50 to 150 microns across,

but averaging 20 microns when replacing cryptalgal laminites.
Diagenetic dolomite is found in four intergradational

habits that often occur together in the game sample:

(1) as scattered rhombs replafing host grains, neounorphic
spar, and chert npdules, including silcrete develcped at

the St, George-Table Head unconformity,

(2) as scattered rhombs or patches of rhombs located on short
¢lay seams in micritic and Pelsparitic limestone (F1g. SZA)
(3) as bands of rhomb masses, with clays and clay seans
between crystals, that are laterally continuous wavy layers

in supratidal eryptalgal laminites, thin-bedded Intertidal rocks,
and some subtidal wackestones. ihese bands also surround
spar~filled burrows. Possil (fag;ents such as trilobite
.carapaces within bands are sometimes ruptured, and-.are
encased and embayed by dolomite crystals.

(4) as 'beds' and large areas of rﬂo-bs and coalesced rhombs
replacing limestone, most frequently micrite (rig. SZB),

but also. sparite (Figs. 52C,D) and neomorphic spar. Clays
and clay seams are Present in replaced micrite but not in
sparite. Beds of this type at the top of the St. George
are brecciated and fragments have been incorporated into
baszal Table Head limestone. Replaced aparite does not

'ahow evidence of compaction (Fig. 52E), but replaced
micrite often shows considerable thinning relatise to

unaltered micrite (Fig. 52m),

Diagenetic dolomitization occurred after chercification
. .
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FIGURE 52

DIAGENETIC DOLOMITIZATION

Photomicrograph of dolomite rhombs located on dark clay and
organic-rich seams of compaction origin, in micrife. Peel; scale
bar 500 pm; Catoche Fm.; ECW-118.

Photomicrograph of dolostone with remnant micrite nodule with
dark clay apd organic-rich seams. Peel; scale bar 1500 um; . -
Isthmus Bay Fwm.; I1B-127.

Vertically oriented slab of uncompac ted graiuutbne layers and
lenses partly replaced by light-coloured dolostone. Box outlines
view shown in D. Scale in ¢m; Catoche Fm.; PAC-46. -

Photomicrograph of close-up of C, showing dark-coloured dolostone
partly replacing uncompacted blosparite. Peel; scale bar 1500 pm.

Vertically oriented slab of light-coloured doloatone partly re-
Placing grainstone, showing no signs of compaction. Scale in
cm; Catoche Fm.; ECW-112. .

Vertically oriented slab of light-coloured dolostone and dark-
coloured fine-grained grainstone, showing pre-dolomitization
compaction. Scale in cm; Isthmus Bay Fm.; IB~211.
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and silicate qﬁth;genesis and both befofé /and _aftetr neo-
morphic. spar, as evidenced by embayed and ca]citized rhoubs.
Stylolltization occurred after dolomltization because
‘stylolxtes surround and occur within bands of dalonmite,
suture rhombs iogAether, and &llect isolated‘rhomlfs.
Epigenetic dolomitization occurred after Hiagenetiz/ dolo-
mitization and dolostones are redolomitrized._ Rhombs suffer
later overg:owths, but it 1s difficult to ‘é'epara’te the two
Stages when epigenetic d010m1tization is not pervasive and

overgrowth only slight,

Intefp'retation - This type of dolomite formation has been

described Mn detail by wanléss (1979) who termed 1t "pressure-—
solution dolon_litization". He carefully documented ;he effects
of this dolomitization and the resulting rock fabrics which
have often been interpreted in the past as primary seflimentary
Structures. He attributed this dolomite to precipitation
during pressure-solution of original lim‘estone. Eyvidence
cited for this process was the abuadance 5of clay seans
containing dolomite, and the volume decrease in dolomitie

and dolostone layers as opposed to undolomitized limes_tone.
The effects of pervasi,re or "non—sutufed" pressure-solution

are, however, difficulr to distinguish from soft-sediment

compaction in muddy sediments. Shinn et al. (1977) showed

experimentally that compaction of unlithified organic-rich
’

muddy carbonate sediment could be considerable, and wavy

seams of organic material were produced, »

Several lines of evidence suggest that soft-sediment

compaction is the more 1likely process than pressure solution
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.-
to prodqce volumne lloss in dolomitic 1ayer§; (1) EXGI;pleS

of lenticilar be'ds in the intertidal flat facies ha’ve been
compacted by up to 20 times as shown by fc;lded burrows

that were originally vertical (Pig. 53A), (2) Braken

fossils in dolomitic bands suggest;lﬁéchanic_al compéction
rather than pressure-solution (Fig. 5S3B), and (3) Chert
formed during shallow burial has "frozen" early stages of
compactio(r; in subtidal wackestones where opaque seams (c].ays>>
and organics?) occur around uncompressed burrows which

were in the initial stages of spar cementation (Fig, 53C),
Evidence used vby Wanleés {1979), such as squashed burrows

and mudcracks (Fig. 53D), clay seams, and volume changes

in dolostone away from resistant limestone nodules and mud-
crack fills, are not unequivocal evidence of pressure-
solution because they are more' rTealistically explained by
Ymechanical compaction since these features formed early in
the diagenetic histéry, before complete cementation and
sufficient burial for pressure-solution. Neugebauer (1974)
observed that pressure-solution in homogeneous chalks
occurred only after burial of 300 metres. l;’.‘urial depths

of this ord;r of magnitude for the Stl. George would indicate
that most volume losses, if attributable to Pressure-solution,
would have occurred after burial i:y Table Head sediments.
This is imposgible in the St. George becaus‘e‘ diagenetic-
dolomitization occurred before the ;nset of Table Head
sedimentation. Mechanical compaction of unlithified sediment,

especially mud and soft peloids, needs much less burial,

The inhomogeneous_ nature of shallow-water carbonate sediments




PIGURE 53

.

COMPACTION EFFECTS .

Vertically oriented slab of light-coloured squashed and folded
mudstone-filled burrows in dark-coloured dolostone. Burrows
were originally vertical Diplocraterion in a lens in lithotope D
and suffered pre~dolomitization soft—-sedinent compaction. Scale
in cm; Isthmus Bay Fm. ; ECU-7S :

Vertically orienced thin section photomicrograph of bands of
dolomite and clay enclosing a mechanically crushed trilobite
fragment. Dolomite iu the fracture indicates precipitation
after breakage. Suturing along clay-rich stylolite and within
dolomitic bands occurred after dolomite precipitation. Scale
bar 506 um; Catoche Fm.; Daniel's Harbour.

‘Thin section photomicrograph of silicified wackestone containing
megaquartz~filled burrows surrounded by dark-coloured clay and
organic-rich seams, showing that compaction occurred after
initial cementation of empty burrows and before silicification.
Scale bar 1500 jm; Isthmus Bay Fm.; ECW-86.

View slightly oblique to bedding of dolomitized mudcracks that
have suffered pre-dolomitization soft-sediment compaction. Lens
cap 6 cm across; Aguathuna Fm.; IB-309.
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would promote distinct compactional effects under only
minimal burial.
Wanless (1979) inferred a causal relationship between

dolomite precipitation and volume loss ("ngn-sutured pressure-
. )] B

-solution”), and that they occurred simultaneously. All

A

evidence in the St, George shows that dolomitization occurred
aft;r volume loss (by compaction): (1) dolomite precipitgted
;fter ruﬁturing of fossils because it embays tlem and fills
the cracks, (2) squashed mudcracked units are bompletély‘
dolomitized shoﬁing that the two processes did not oecur
together, and (3) clay seam formed before délomit!zation '
because dolomite rhombs overgrow them (as seen i; fig, 4 of
Wanless, 1979). Any casual relationship is rejected because:
(1) dolomite is nbt found inlall clay seams, (2) doiomite

bands occur in uncompacted sparites and micrites where no
¢ - L3

" volume loss has occurred, (3) dolomite replaces chert,

néomorphic spar, and spar cement, where no compaction has
o;curred, and (4) dolomite replaced surficial silcrete ,
before subsequent burial., -

The méchanism of diagenetic dolomitization is not under-
stood on the basis of petrographic observations alone.
Zoning commonly seen in rhombs and si;e range ofcrystals suggest
precipitation over long periods of time. Kahle (1965)
suggested possiSle roles of cla; minerals in dolomitizatioh,
and the preference for dolomite to be precipitated on clay

seams 1s evidence for this. Dolomite precipitaction in clay~

poor limestone might then be due to clay Influences in connate

wvaters being felt away from clay-rich sources. Dolostones

S
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are most common in the Isthmus Bay and Aguathuna Formations,
possibly because these ‘peritidal rocks were more clay- rich
than-the subtidal shelf sediments of the Catoche Formation.
. H

’ A
The greater inhomogeneity of sediment types in the Isthmus. ¢

Bay and Agﬁathuna F;;mations promoted compaction and clay con-
centration. The model of subsurface dolomitization by a
regional. epicontinental sal%nify system as suggested Qy

Harris (1973) for the Lower Paleozoic of e;stern North America
cannot be substantiated in the St. George. 'On the other
hand,-the ubiquity of diagenet;c dolomite indicates that
connate waters everywhere were able to Precipitate dolomite,
Preferential dolomite precipitation in primary high-Mg calcite
material,‘such as pelmatozoan ossicles, does not occur, and
thig criterion suggested by Lohmgnn and Meyers (1978) and

Meyers and Lohmann (1979) does not apply for the St. George.

‘Epigenetic dolomite’

Description - Epigenetic dolomite occurs as large non-ferroaq
evhedral to interlocking anhedral cr&staﬂs, usually gréater

.than 200 microns in diameter. Euhedral rhbmhs are often zoned
with cloudy centres (Fig. 54A), but large interlocking anhedral
crystals are clear (Fig. 54B) often with wvavy extinction
("baroque" dolomite of Folk and Assereto, 1974) ?fig. 54%).
Baroque dolomite fills vugs and is called "white spar}y dﬁiomite"
when occurring in lithologies called "pseudobreccias"f Pore-
filling dolomite is occasionally ferroan, for example at

Barbace Point.Pseudobreccias are characterized by coarse.

replacement dolomite with large elongate Jigs filled by
”~

white éparry dolomite (Figs. 54D, 55A,B). ‘In the Daniel's




Harbour area, 100 metre thick pojymictic ‘collapse breccias

described by Collins and Smith-(1975) grade to collapse—brecciated‘
pseudobreccia, thenm to psueodbrg;ci;, and finally to normal
replaced strata (T. Lane, pers. comm., 1979). Epigenetic dolomite.
eccurs as guminescing(?—ez iron-free) outer zones on diagenetic
dolomite rhombs. Preservation of primary structures, 5uch as

fossils and ooids, Ls.poor. ‘
Epigenetic dolomitization in the St. George occurs every-
where in western Newfoundland. It is not restricted to the
St. Qeorge. and underlying Cambrian carbonates as well as the
Table Head Group, at its type section at Table Point, are also
affected. It occurred after all stages of tectonic fracturing.
This is evidenced in thin section because rhombs replace calcite~
filled tectonic fracturegL\and in outcrop, because it is almost
always related to earlier strucguralconfigurations. _Epigenetic
dolostones occur as fault-bounded rock bodies, as halos along
faults and fractures (Fig‘ 55C), and as rows of pods several
metres in diameter (Fig. 55D), and is always seen L;\cross—cut
primary bedding. Many epigenetic dolostone bodies on the
Great Northern Peninsula, including collapse breccias at Daniel's
Harbour, are oriented approximately NE/SW and NW/SE, the regional
structural lineations.
Epigerfetic dofomitization occurred after stylolitization

and disrupted the sutures. Collapse breccia clasts have relic

stylolites parallel to primary bedding and not to present geo-

petal directions nor to clast contacts. In scattered pseudo-
-~ ' : .
breccias, white sparry dolomite was followed by internal fine-

grained dolomite sedimentation, and by large quartz euhedrs,
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FIGURE 54

EPIGENETIC DOLOMITIZATION

ection photomicrograph of large cloudy-~centred epigenetic
B ) replacing limestone and forming overgrowths on pre-
diagenetic dolomite (D), producing patches of large and
rhombs. Scale bar 500 ym; Catoche Fm.; PAC-44.

ection photomicrograph, crossed nicols, of interlocking
epigenetic dolomite mosaic. Scale bar 500 um; Isthmus

IB"'26 .

ection photomicrograph of cloudy centred replacement dolo-
on left passing to cement, on right, of large baroque dolo-
howing curved crystal faces. Scale bar 1500 um; Catoche

-142 .

al view of dissolution wvug in pseudobréccia, witﬂfwhite
¢y dolomite cement and laminated internal dolostone sediment.
ap 6 cm across; Isthmus Bay Fm.; BH-37.
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* FIGURE. 55

EPIGENETIC DOLOMITE

Al Vertica.l'ly oriented slab of dolostone with smell horizomtal .
dissolution vugs filled with white sparry dolomite cement, 11-

- lustrating the beginning stage of pseudobreccia formation. Scale O
- in em; Isthmus Bay Fm.; Boat Harbour. a
B. Vertically oriented slab. of dolostone with pseudobreccia vugs
partly.filled with white sparry dolomite cement. Scale in cm;
‘Isthmus Bay Fm.; BH-94,
. - . .
- C. Bedding plahe view of light-coloured dolostone as a halo along
tectonic fracture in limestone. Range pole in 20 cm divisions;
Catoche Fm.; PAC-44. )

D. Bedding plane view of row of dolostone pods In limestone.
Isthmus Bay Fm.; BH-123. -
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up to several cen;imetres in length, On Port au Port Peninsula,
epigenetic dolomitization was followed by calcite spar cement

vhich partially calcitized dolomite rhombs. Sphalerite was

.a co-precipitate with white sparry dolomite along the St. George-

Table Head contact at Daniel's Harbour (Cpmming, 1968) .
Fluorite 1is a co—pFepritate with vgite‘sparry dolomite at
Daniel's Harbour (T. Lane, pers. comm., 1979) and north of
Eddieg Cove West. Minor galena occurs in scattered epigenetic
dolostones. . ﬁ

Interpretation - Epigenetic dolomitization affected both lime-

L 4 .
stone and diagenetic dolostone in degrees ranging from sligtt

overgrowth on dolomite rhombs to cdarsely crystalline pseudo-

breccia. Replacement often involved considerable dissolution
of pre-existing carbonate, and resulted in pseudobreccias and,
A

locally, collapse breccias. The collapse breccias at Daniel's '
Harbour were attributed by Collins and Smith (1975 o
karstification duriqg pre—Table’Head exposure o e St. George
carbonate shelf. However, the gradation from co:ise replacément
dolostonhe to pseudoBreccia Eo brecctated pseudobreccia to

' collapse breccid doés not indicate collapse before 6seud6-
bfecciation, as suggested by Collins and Smith (1975);,and

nor can these features including concomitant dolonitization

be expléinéd by normal kafst.ﬁrocesses as indicated by Collins
aad Smith (1975). 'On this basis alone, 100 metres'of relief
during pre-Table Head exposur\‘determ;ned by Col;ins and Smith
(1Q75) is rejected. Coilapse)and internal sedimentation do
indicate a strong geopetal influence during'dissolution and

dolomitization, suggesting fluids were moving rapidly in the

.
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subsurface, rather than as sluggish phreatic pore vaters.
= ° N ‘ .

Whether the.hydraulic head was due to a meteoric influence - B

4

- T =
is not known. The absence of geochemical data in this

s tudy
precludes discussion of the nature ofL the dolomitizingland
mineralizing solutions.

The NW/SE and NE)SU trending structural lineameﬁt; of the\
Great Northern Peninsula are probably due to' the Acadian Orogeny
which involved regional compression, as opposed to the "thin~
skinned” tectonics associated with allochthon emplagement'in
western Newfoundland during the Tacdonic 0rog?n9;(William$ and
Stevens, 1974). Because epigeﬁetic dolomitization post-dated
these tectonic features, it occurreé after'the‘Dévonian Acadian
Orogeny. Dolomitized Table Head Group and disoriented';tyiblites
in ‘cellapse brecciaslsupport a ﬁost—Hiddle 6rdovician age ‘for
dolomitizatiéﬁ; Localization of fhe sphélerife ore body and

’ .
collapse brecciation bglbw the St, George-Table—Head unconformicy
was due to a bermeability barrier presented by the contact.
It 1s probable that much or all of western Nevwfoundland was

at one time covg;ad‘gy Middle Paleozoic sedimgnts because it

does not seen/{easonable to, expect that Ordovician sediments

‘and ophifolites that were subaerially exﬁqsed_in Ordovician times ]

could have survived continual exposure until the present day. : l

L

[T P

Also, Silurian to Mississippian sedimentary rockg,are exposed

-

on western Port au Port Perfinsula, and crop out on the sea

floox to both the vest gnd east ofbwestern ﬂewfoundland (Havégtk

. .w.w.,x et

and Sanford, 1976), and it is likely they are°the remnants of B |

2 onte more continuous cover. Therefore, epigentic dolomitization

occurred under an unknown thickness of Middle Paleozéic sediments,
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but it is not known whether it occurred during Devonian
sedimentation or Mississippian sedimentation. Mississippian
evaporitic carbonates on Port au Port Peninsula are not affected
by epigenetic dolomitization and may have been the source for
dolomitizing and mineralizing brines.

CHERT

Introduction

Chert nodules are common in the Isthmus Bay and Aguathuna
Formations, and partly silicified limestone occurs throughout .
Silicification involved both replacement and cementation, and
records the presence of scattered horizons of "vanished evaporites',
Except for silcrgte at the St. George-Table Head contact, post-
epigenctic dolomitization quartz euhedra, and spherulitic
chalcedony in sphalerite-galena veins, silicification occurred
early in the diagenetic history of the St. George. It post-
dated formation of authigenic silicates, but occurred before
dolonitization and calcite neomorphism which replace chert.
Dilation and tectonic fractures in cherts are filled by calcite’
spar cement. Chert preserves synsedimentary radial bladed
calcite cement and initial stages' of calcite spar cement that
formed during shallow burial (Fig. 56A). Chalcedony fills
pores and shell molds before calcite spar cementation. Under
an omission surface in the Isthmus Bay Forr;aation, geopetal
internal sediment with in situ authigenic KR-feldspar overlies

and forms inclusions within tips of megaquartz cement (Fig. 56B).

A chert pebble lag occurs at a subaerial exposure gsurface 1in

the .upper part of the Isthmus Bay Formation and in the basal
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Table Head limestone, indicating relatively early formation
under shallow ,burial.

Cherts are described pctrographically, and eight partly
intergradational textures are distinguished: cryptoquartz,
microquartz, limpid megaquartz, flamboyant megaquartz, lutecite,

-

quartzine, and chalcedony.

Cryptoquartz

Cryptoquartz is nearly isotropic, tan coloured wi.th minute
inclusions in plane light, extremely finely crystalline (less
than 4 microns in size), and occurs in stylolites, between
dolomite rhombs, and replacing micrite. It is in places grada-
tional with microquartz. » &+

Micvoquartz
Microquartz usually occurs as equant anhedral interlocking

quartz crystals less than 20 microns in size and rteplaces micrite

(Fig. 56C) and anhydrite laths (Fig, 56D). Slightly elongate
Pd

microquartz crystals replace concentric ooids, a habit similar

to that reported by Choquette (1955), Extinction is often
slightly undulose, and gradation to small anhedral megaquai‘tz
occurs In interparticle areas. 'An vnusval finely filhrous micro-
quartz with curving lenéth»fast "furry" crystals replaces some
concentric ooids (Fig. 56E), Fibres are often parted like hair,
and sweep around cortical layers, sometimes beéoming tan‘gential
to them. Dusty brown inclusions are commonly present and eut-
line precursor fabrics.

Large crystals of calcite replace microquartz by 1r;f11—

trating, on a minute and petrographically unresolgable 'scale,

between microquartz crystals, causing high birefringence,




FIGURE 56
CHERT

Thin section photomicrographs

Megaquartz-replaced radial bladed cement and Initial spar cement
outlined by inclusions (dark fibres in lower part and dog-toothed

terminations, respectively). Scale bar 150 pm; Isthmus Bay Fm.;
ECW-86.

Megaquartz cement rim overlain by internal sediment, followed by
calcite spar cement, in sub-omission surface vugs in cryptoquartz-
replaced and partly dolomitized mudstone. Crossed nicols; scale
bar 1500 um; Isthmus Bay Fm.; IB-108.

Dark micro- and small megaquartz-replaced radial ooid. Crossed
nicols; scale bar 150 ym; Isthmus Bay Fm.; BH-115.

Microquartz—replaéed felted anhydrite laths with a horizontal
fabric, outlined by inclusions. Up is to the right. Scale bar
100 pm; Aguathuna Fm.; Table Poinr. :

Ooid cortex replaced by "furry" microquartz. Scale bar 30 um;
Isthmus Bay Fm.; BH-7.
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"When the calcite, which does not stain with alizarin red-s,
is extinct, micTroquartz relics are discernible,
»

Small anhedral megagquartsz crystals 30 to 60 microns in
diameter with abundant micrite-sized calcite inclusions occur
as patches within microquartz. The inclusions are not related

. p
to quartz crystal boundaries, and cannot be attributed to

incipient calcite replacement,

Limpid Megaquartz

Limpid megaquartz ranges in size from 20 microns to
3000 microns and is anhedral to,eyhedral, sometimes occurring

as elongate terminated euhedra when lining voids, Dusty brown

inclusions often outline growth bands of crystal faces (Fig. 57A).

Wavy extincion often ocecurs, especially when crystals are syn-
taxial on chalcedony and microquartz, and when there is an
intergrowth of ;ubcrystals similar to and sometimes grading to
flamboyant megaquartz considered below (Fié. 957B). Towards the
narrow confiqes of some voids, euhedral crystals change imper-
ceptibly to smaller elongate crystals with wavy extinction,

and finally to cn;rse quartzine crystals, with growth banding
changing similarly from outlining pyramidal terminations to
botryoidal.

In silicified grainstones, megaquartz replac;s synsedimentary
ra§ial bladed and infitial calcite spar cements, and fills re-
maining interparticle pores and other cavitie§ as a cement,
Megaquartz replaces anhydrite laths, averaging 30 by 500 microus
in size, scattereg in a subaerial rubble in the Aguathuna Formation.

In cherts, megaquartz fills fractures both after and during

microquartz replacement of carbonate. 1In the former, fracture
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boundaries are sharp, and in the latter, boundaries are ragged,
dornot match, and microquart: grades in size>with megaquartz,

Flamboyant megaquartz

-~

Flamboyant megagquartz occurs as ﬁasses of large elongate
anhedral megaquartz crystals, up to several millimetres in
length, that commonly have a coarge radiating habit (Fig, 57¢C),
Crystals interlock forming a patchwork, but crysctal boundaries
are diffuse and gradation occurs to megaquartz with vayy
extiction caused by subcryatal orientations, Small tabular
inclusions that are cften anhydrite are common. .

Flamboyant meg&quarcz replaces micrite, shell material,

and anhydrite. In replaced anhydrite, dusty brown inclusions

outline presursor felted anhydrite laths, the number of

anhydrite inclusions tends to be greater, they are aligned

S
parallel to the primary alignment of the laths, and quartz
crystals tend to be more elongate in the directibn 0% the
primary lath alignment.
Lutecite
Lutecite is coarsely fibrous quartz where the g8low ray
is situated 30° from the c-axis, and commonly shows A cheyron .

extinction pattern. It is rare in the St, George, replacing
bfoclasts, especially pelmatozoan ossicles and brachipods.
It intergrades with megaquartz with wvavy extinction,
Quartzine
Quartzine 1is length-glow, céarﬂély fibrous quart:z or
chalcedony. It isg notkcommon in the St. George, and is
difficth to distinguish from small narrow elongate megaquartz

crystals, It occurs as an equant fringing rim replacing
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FIGURE 57
CHERT

Photomicrographs, crossed nicols

Megaquartz cement with inclusions outlining successive prismatic
crystal terminations. Scale bar 300 pm; Isthmus Bay Fm.; IB-39,
Large megaquartz crystals containing anhydrite inclusions and .

becoming flamboyant (fibrous) at the edges. Scale bar 500 am;
Isthmus Bay Fm.; BH-124.

Flamboyant megaquartz replacing micrite. Scale bar 500 um;
Aguathuna Fm.; 1B-317.

Megaquartz becoming fibrous quartzine in the narrowest part of
interparticle pore. Scale bar 100 um; Isthmus Bay Fm.; BH-26.

P
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synsédimentary radial bladed calcite ceﬁent in oolitic grain-
stones, and replacing the margins of otherwise microquartz-
replaced anhydrite layers in the Aguathuna Formation,
Palisades of quartzine have been observed replacing trilobite
fragments with the same crystal orientation as the primary
calcite microstructure (Fig. 58A), but other fragments in the
same section are replaced by lutecite, Botryoidal fans of
finely fiﬁ}ous quartzine occur rarely as a cement on top of
megaquartz euhedra., Oné example was observed where quartzine
and chalcedony were pore-filling cements in neighbouring pores,
Megaquartz with wavy extinctdion Teplacing calcite spar cement
Sometimes passes laterally to finely fibrous curving quartzine
(Fig. 57D). Quartzine spherulites have been found twice,
Teplacing anhydrite and calcite spar cement in sphalerite-
galena veins (Fig. 58p).
Chalcedony

Chalcedony 1s length-fast quartz, that ranges from
finely to somewhat coarsely fibrous (Fig. 58¢). It occurs
as a layered botryoidal pore-filling cement, often brown with
dusty inclusions. It fills pores after initial microquartz |
replacement of allochems and small megaquartz replacement of

radial bladed calcite cement in silicified grainstones, It

fills gastropod shell molds before initial calcite spar

cementation, and the crescent-shaped pores of half-moon ooids.
When it occurs, not évery pore contains.it, buf when pores are
not completely filled, it is followed by megaquartz, Zebraic L
chalcedony isg character}zed by fibre optic axes that twisgt

about the ‘c-axes, but is rare in the St.- George, seen once
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FIGURE 58
CHERT

Photomicrographs, crossed nicols

Palisade of quartzine replacing trilobite fragment. Scale bar
150 ym; Catoche Fm, ; ECW-135.

Spherulitic quartzine replacing anhydrite. Scale bar 150 um;
Aguathuna Fm. ; Table Point.

Coarsely fibrous banded chalcedony cement, followed by megaquartz
cement. Scale bar 300 um; Isthmus Bay Fm.; IB-19,

Zebraic chalcedony cement. Scale bar 300 ym; Isthmus Bay Fm. ;
IB-19.
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as a crust on euhedral megaquartz (Fig. 58D), The deepness
of colour banding in chalcedony is variable within the same
sample. Chalcedony is normally preferentially replaced by

large calcite crystals. ‘ ‘ N

. %
L

Discussion
!

Cryptoquartz replaced fine-grained micrite and is also

a styloreactate. Microquartz always replaced micritic calcite

and anhydrite, never dolomite. Poor or incomplete replacefent
resui{ed in small megaquartz containing micritic calcite inclusions.
Limpid megaquartz is both a replacement of calcite and anhydfite,
and a cement. Chalcedony 1s always a cement, the variable
colour banding suggesting a local source for fmpurities.
'

Quartzine and lutecite intergrade with megaquartz with WAVY
extinction, and replace calcite and, rarely, anhydrite;
Finely crystalline quartzine occurs rarely as a cement.
Flamboyant megaquartz replaced calcite and anhydrite, The
texture of the various replacement quartz types reflects in
part the primary nature of the precursor calcite and anhydrite..
It may also be related to permeability during silicification,
concentration of silicifying solutions, and other unknown
factors. Furry microquartz replacing ooid cortices probably
developed by elongation of shorter fibrgs that were replacing
finely radial aticular calcite crystals in cortical layers,
gending of the '"fur' was probably caused by spatial competition
durihg growth.:

Folk and Pittman (1971) suggested that chalcedony would
Precipitate rapidly from solutions with a high s8ilica concen-

tration, whereas megaquartz cement would precipitate slowly




This
explanation would indicate that spatial competition during
growth would eontrol the elongation of quartz crystals,
fibrous being the habit in highly competetive hituations due
to rapid‘nucleation and growth, and why chalcedony 1s followed
by megaquartz cement., Thisg w;uld also explain why: (1)

chalcedony fibres range from extremely fine heedles to coarse

particle pores, (4 pore-filling quartzine occurs only on
megaquartz euvhedra, ang (5) megaquartz can be flamboyant,

Folk and Pittmgn (1971) pointed out that the differences
between quarrzine and narrow megaquartz is distinct, but this
;as not found to be so ip this study. 7Tt ig suggested here
that the variability of optic and c€-axes and fibrosity relate
more to the orientation of calcite and anhydrite Precursor
fabrics, syntaxial relationships with quartz growth substrates,

and competetive crystal growth, than any other Particular

consistent and diagnostic factor (such as vanished evaporites),

No consistent relationship, ag Suggested by Folk and Pittman

(1971), between sildcified evaporites and quartzine was fpund
i

in the St. George. Indeed, replacement of anhydrite by
quartzine palisades and spherulites wasg observed only once each,
Other anhydrite was.replacdd by microquartz, flamboyant mega-
quartz, and 1limpid megaquartz, probably related to the packing
density and orientation of~the Precursor anhydrite lathsg,

The so-called "evaporite syndrome” outlined by Milliken (1979)
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does not appiy to vanished evaporites in the St. George,

‘The common trait shared by some gilicified anhydrit; nodules

in the St. George and those described by Chowns andbElkins
(1974), Siedlecka (1976) and Milliken {1979) is flamboyant
megaquartz containing anhydrite inclusions and relic dusty

brown inclustionsroutlining precursor laths, Probable anhyﬂrite

¥
' inclusions were found also in flamboyant megaquartz replacing

calcite. Folk and Pittman (1971) suggested that groundwaters
- ’ 4
charged with evaporite "effluent" moving in the subsurface -
\ could cause quartzine precipitation. This seems unlikely

because of the early shallow-burial time of formation of
chert, though this' may hgve occurred immediately below the
scattered evaporitic 1orizons that did develop, and bélou
possible slightly hypefsaline horizons that may hgve developed
“but have left no record. In any case, length slow quaftz#ne
is not a reliable indicator of known evaporites in the St, Ceorge,
and therefore is insufficient evidence of vani;hed evaporites.

The source for silica cannot he determined. Siliceous
sponges were common beginning in the upper part of the Isthmus
Bay Formation, and leaching of spicules may have been a soche
fo; some chert. Clays in nearshore sediments may have contributed

silica. Volcanic tephra is cited later as a possible source

for pre-silicification aythigenic silicates, and may also have

supplied silica for chercification. A biogeneic source from

et

microfossils that have left no other record 1is also a

possibility but cannot be proven. . L
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AUTHIGENIC SILICATES
Description

Authigenic teldspars and Quartz arc¢ common in the
St. George, the former more abundantly, Authigenic quartz
is recognized by its cuhedral, hexagbnal in cross—-section,
doubly. termindted, elongate prismatic habit and abundant
calcite inclusions concentrated in t'ccntres (Fig. 5%a).
Crystals range in width from 20 to 200 microns, and in length
from 80 to 700 microns. They have no preferred orientation
but are well-sarted in that the crystal size is cansistent
within samples. Detrital cores are not secn petrographically.
Authigenic feldspurs are cuhedral, free from large inclusions,
4nd range in size from 40 to 100 microns (Fig. 59B) a Many
4re zoned, and twinning is common. Orthoclase was recogn.ized
by CarlsE)ad tvinning; albite was recognized by polysynthetic
twinning; rare crystals of microcline were recognized by cross-
hatched twinning (Fig. 59C). The majority of crystals were
untwinned and the type of feldspar could not be.re“solved. -

Authigenic feldspar is found abundantly at the base of
the Isthmus Bay Formation. Cursory inspection shows it to‘
be present in underlying Cambrian carbonates and overlyin‘g
Table Head limestones. Authigenic quartz has only been
identified in a few u‘nits from the lower part of the Isthmus
Bay Formation, in rocks of all facies. Authigenic silicates
are found in micritic parts of Jlimestones and never in

cement. Both can co-exist in the same sample. They are

embayed by neomorphic spar and dolomite, are collected by

stylolites, and are preserved in chert.

.
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FIGURE 59 -
AUTHIGENIC SILICATES
Thin section photomicrographs, crossed nicols
Large authigenic quartz prism with inclusions in centre. Scale
bar 150 um; Isthmus Bay Fm,; ECW-13.

Authigenic feldspars concentrated in stylolite. Scale bar 100 m;
Isthmus Bay Fm.; Port au® Choix.

Auth%}nic euhedral microcline with cross-hatched twinning.
Scale Bar 50 um; Aguathuna Fm.; NE Gravels,

r.
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[nterpretation

The presence of zoning, calcite inclusions and evhedral
shape indicate that these silicates g;rmed in situ, The
inclusinns in authigenic quartz indicate that it formed by
replacement of calcite. Feldspar, is largely free of inclusions
aad it is not known whether it replaced calcite or pushed it
aside, Kastner (1971), among others, noted carbonate inclusions,
suggesting replacement,

The origin of authigenic silicaies Is still in d;qbt.

r
Ri¢hter (1971) and Schneider (1973) discounted the influence
of elevated salinity in thé formation of yuthigenic quartz in
Devonian reef complexes. Schneider (1973) suggested a source
in groundwaters from nearby landmasses, Richter (1971) suggested
that volcanic tephra in the sediment may have been a3 silica
svurce, but did-dcscribe authigenic quartz from evéporite—
bearing Tri;ssic rocks where both salinity and volcanism might
have been factors, In the St. George, authigenic quartz
formed early, before chertification, and therefore required
a local source fér silica that was remocbilized but reprecipitated
quickly, Sponge spicules probably did not supply the necessary
silica becaﬁse the earliest ones accur long after the earliest
euhedra. Another perhaps planktonic biogenic
source would seemingly have resulted in more numerous occurrences.
Elevated salinity in pore waters may have played a geochemical
role, but this cannot be evaluated as extreme salinity is not
indicated by the rocks, ahd slight hypersalinity cannot be

substantiated,

Auchigenic feldspars have_ received more attention wich
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regard to source (ug*: Baskin, 1956; Swett, 1968; Kastner,
1971} Fuchtbauer, fg74; Richter, 1974; Buyce and Friedman,
1975%; Kastner and Siever, 1979), and volcanic tephra, detrital
feldspar, and illite have all been cited as possible sources.
Because detrital cores were not recognized in the St. George,

and the great distance from crystalline land (inferred from
pileogeographyv), the only possible detrital source would have
heen airborn dust. Suchecki et 1. (1977) noted a change in

¢lay mineralogy in Lower Ordovician units of the Cow Head Group
that could be accounLJd for by 1input of detritus coming from
volcanic island arcs that developed at that time to the east -
(stevens, 1970). The clay mineralogy of the St, Ceorge was

not investigated in this study, but a volcanic tephra origin

is favoured by the rapidity of formation of authigenic feldspar
because of the high solubility of glasses. Braun and Friedman
(1969) and Mazzullo (1976) suggested that hypersalinity was
geochemically important in authigenic feldsgar formation,
Hypersalinity of subsurface waters could have developed beneath
horizons of evaporites. Hypersaline brines are found at least
12 metres below sea level in sediments of the Persian Gulf
sabkhas (deCroot, 1973), and.scattered_similar evapomitié
horizons- agre present in the St. George. However, because
authigenic feldspar formed very early during burial, and the

ubiquity of its occurtence, even far below any known evaporitic

horizons, a hypersaline pore water chemistry is ruled out as

more than a possible local factonr, Evidence presented by

Mazzyllo (1976) that cryptalgal laminites studied by him were

necessarily deposited Iin hypersaline conditions is considered

et .

\\‘
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insufficient here. No distinct difference in abundance of
authigenic feldspar was seen between cryptalgal laminites and

fully marine subtidal limestones of the St. George,

CRUSTIFICATION
Description
Colloform sphalerite-galena veins occur in limestones

of the St. George at the section nor&hwest of the Gravels}
Port au Port Peninsula. Similar velns cutting Upper Missis-
sipplan limestones of Port au Port Peninsula wefe described
by Watson(1943). Veins are sinuous, have no preferred
orientation, may be crusts hetween bedding “planes, and cross-
cut calcite veins of tectonic origin, The margins of the
eins erode the host limestone, leaving calcite veins standing
out iIn relief, Five stages of vein-filling occur (Fig. 60):
(1) a first stage of white banded radial columnar calcite
crystals (terminology of Kendall and Broughton, 1978) with
mostly non-planar crystal boundaries, undulose extinction,
curved twins, and minute bands of inclusions outlining suc-
cessiye toothed crystal termination,

(2) a thin and papchiiy distributed internal sediment that

is green coloured, altered to slightly ferroan coarse microspar
and finely crystalline pseudospar, and contains.scattered 15
micron-sized limpid dolomite euhedra, Replacing parts of the
neomorphic spar is spherulitic quartzine; spherules are 60
micro;s in diameter.

(3) a colloform crust of banded sphalerite containing large

cubes of galena up to several millimetres in size,
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au Port Peninsula.
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(4) a Patchy rind of marcasite

(5) an equant rim of coarse columnar calcite spar

(6) a green and brxown cologyr- banded internal sediment
composed of microspar, and containing scattered silt-sizea

quartz grains and dolomite euhedra,

Intergretation

Eince these are alsgo affected, A Phase of dlssolution pre-

ceeding crustification is indicated by the relief of calcite-
filled tectonic fractures; this may be assgsocilated with post-
‘Middle.Ordovician karstification of the Paleozoic carbonates
on Port au Port Peninsula, The first stage {in crustification

was calcite ;spar similar because pf minute 1nclusions curved

e v
twins, and nen<p1anar crystal boundaries to speleothem fabrics

described by Kendall and Broughton (1978), and similarly inter-
Preted go be primary, rather than replacement of precursor
abicula} calcite, Bent twins Probably were caused by competetiye
crystaﬁ growth, ' The mineralizing solutions were not acidic
becaﬂse there was no corrosion of the terminated calcite
crystals. Quartzine replacement of neomorphic spar after
iuternal micritic sediment was not recognized in the veins
described by Watson (1943), and toeok place after precipitation

of colloform sphalerite and galena, The equant callite cem@&f

Precipitated on top of the metallic €rust suggests phreatic

conditions, Banded internal sediments suggest a near- -surface
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Codroy Croup. Stratigraphic relationships on Port au Port
Peninsula indicate that burial of the Lower Ordovician car-
bonates by Mississippian rocks must have been less than a
hdndred mecres,

Watson (1943) implied that the source of the mineralizing
fluids was igneous, and that they ascended from considerable
depchs, It appears more Iikely that they were meteoric in
origin on the basis of internal sediments and lack of evidence

for igneous activity in western Newfoundland in post—Uppe{
Mississippian time.' It scems likely thér the high concen-
tration of metals needed to precipitate the crust relatively close
to the surface required a localized source enriched in metals,

It is suggested here that Pb and Zn were scavenged by meteoric
waters from Mississippi Valley type deposits in underlying

and neighbouring Lower Paleozoic epigenetic dvolostones, that

are no longer exposed because of later erosion, If these veins
are truly remob?lized Mississippi Valley type deposits, then

the possibility exists that there are further deposits on

.

Port au Port Peninsula.

v

PARAGENESIS
Based on cross-cutting relationship?, the sequen;e of
diagenetic events that were involved in the lithogenesis
of the St. George can be outlined. Resolution is hindered
in some cases, such as the timing of formation of authigenic

silicates relative to the formation of botryoidal neomorphic.

spar, because these twe events never cross-cut each other,

¥

In the paragenetic sequence (Fig. A1), silcrete development
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on the St. George-Table Head contact is not entered;

the

various stages involved in the sphalerite-galena veins on

Port au Port Peninsula are considered together.
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CHAPTER 5 - ST, CEORGEnTABLé HEAD CONTACT

INTRODUCTION

The Lower Ordovician-Middle Ordoviclan boundary 1is repre-
sented by a time break everywhere in the Appalachians of
eastern North America (Twenhofel et al., 1954); this contact
is also comnonly a disconformity (Rodgers, 1969). The break
is present between the St. George and Table Head Groups of
western Newfoundland and was first recognized by Schuchert and
Dunbar (1934), at Table Point, The hiatus is represented hy
a polymictic debris flow, Bed 14, In the Cow Head Croup of
vestern Newfoundland (F8hraeus and Nowlan, 1978), Zinc
mineralization is located under the contact at Daniel's
Harbour. Cumming (1968) and.Collins.and Smith (1975) have
suggested that fhe contact was a karst surface with as much

.

as 100 metres of relief, Nevertheless, FAhraeus (1977, his

fig., 1) has implied that the St, George and Table Head Groups

were facies equivalents of each other, wvith no break between
them,

This contact and the character of the basal Table Head
sediments were examined to determine the real nature of the
break, at the Table Head type section at Table P;int, Port au
Choix, Aguathuna, and both northwest and northeast of the

Gravels.

TABLE POINT 4
N .
Description - The contact 1is located at the water's edge at

the point where sea cliffs increase appreciably in height with

the lithological change from dolostone to 1imestone. The

.

T et g AAN M k.
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contact was placed by Schuchert and Dunbar (1934) at the base

of the first limestone bed, However, the change from dolostone

to limestone is not sharp, and it 1s obscured by facies changes

in the-basal Table Head over the 50 metres of exposure (Fig. 62),
Bencath the first limestone bed is a mudcracked cryptalgal

1umina£ed bed that buckles seaward to form 3 small dome several L

metres wide and 0.4 metre high, Behs below and above the

dome are not affected by buckling, This bed is overlain by

nodular burrowed limy dolostone, 0.1 to 0.3 metre thick, that

contains fossils including the trilobite Bathyurus (identified
by R,A. Fortey, [pers. comm, , 1978] that is Midadle Ordovician
in age [Ross, 197Q}). Vertical to slightly oblique U-shaped

burrows (Diplocraterion) penetrafe the flank of the dome and

the depression to one side (Figs. 634,B.C). Chondrites
e
burrow systems reworked the Diplocraterion burrow openings P

and the top several centimetres of ‘the buckled bed, Overlying
. S

the burrowed dolostone unit 1Is fenestral cryptalgal lamiﬁG{e

up to 0,1 metre rhick. The lower boundary is indistinct as

.

the dolomite content gradually decreases upwards, The upper
boundary has been eroded (Fig. 63D ), In places completely,

during deposition of the overlying unit, linear chanrel-like

pods of black nodular limestone with dolomitic seams that change’

abruptly laterally to light;ﬁg}iured burrowed mudstone, ’ C ‘
. « . .
totalling 1 metre in thickness Figs. 63 E, F). Nodules are

bioclastic packstone and grainstone (containing fragments of

pelmatozoans, brachiopods, bryozoans, ostracodes, gastropeds,

calcareous algae, and sponges) and dolomitic bands are

peloidal mudstone. Succeeding this are thinly bedded grain-
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FIGURE 63

ST. GEORGE-TABLE HEAD CONTACT, TABLE.POINT

Gently east-dipping flank of dome of light-coloured dolostone

bed penetrated by vertical burrows from overlying dark—coloured
Middle Ordovician dolostone, below the St. George~Table Head
lithological boundary. Barnacles (white spots) about 1 em across;
Aguathuna Fm.

Vertically oriented slab of dome surface with vertical Diplocraterion
aud Chondrites burrows. The latter are diffuse but many appear

as black dots and short bars at the top of the light-coloured
dolostone. Scale in cm.

View slightly oblique to flank of dome, at its base,of Diplocraterion
burrows of varying size (seen as short bars, some dumb—bell-shaped),
and branching Chondrites burrows, Edge of tin-opener is 1.8 cm long.

Burrowed contact between dark-coloured, basal Table Head nodular
limestone and underlying light -coloured Middle Ordovician burrowed
dolostone of Aguathuna Fm. Scale in cm. '

Bedding plane view of channel-shaped pod, 1.5 m wide and at least
20 m long, of dark-coloured nodular limestone. Basal Table Head
Group.

Vertical view of oblique margin of dark-coloured nodular lime-
stone pod and light-coloured mudstone. Notebook ig resting on
nodular limestone. A
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stone, dolostone, and biocturbated mudstone, and the massiye
\dark-c.oloured mudstone and wackestone of 'typical' Table
Head lithology. {

Interpretation - The real sedimentary break 1is the undulating

dolostone bed, below the diffuse limestone—dolostone contict,
Dolomite is here a secondary diagenetic mineral and 1.;; insuf-
ficient to sepaxiate formations.
The vertical byrrows penetrating the St, George are

not borings:, and indicate that the buckled bed was not lithified,
or only so.in patches, Lack of compaction around the burrows
indicates that the upper surface may have been consolidated,
possibly with a chalky texture, The ;lome is not of tectonic
origin because beds ahove and below are unaffected, and 1t is

interpreted to be a surficial tepee~like structure that

developed during subaerial exposure of the cryptalgal laminated

sediment. There is no downcutting, indicating that erosion
of the St. George was nil at Table Point.'

The basal Table Head dolostone 1s interpreted to have
been deposited in the low interridal zone on the basis of the
burrow types. Overlying fenestral cryptalgal laminites were
likely deposited in a frequently wetted protected intertidal
are‘a, The laterally interfingering pods of dark- and light-~
coloured limestone indicate a change to consic.].erable sediment
accretion. and bigturbation, The nodular fabric is a compaction
effect on originally interbedded fossiliferous grainst‘one and
packstone and peloidal mudstone, The shape of the pods and

the bioclastic and interbedded nature of the dark-~coloured

limestong suggest that the pods'were channels that received

+
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episodic influx of ftully marine sediment, developed on a

bioturbated intertidal flac. The inferfingering indicates |
that the tidal flat accreted with muchk lateral shifting of
the channels, This was sugéeedpd by thinly bedded tidal flat
sediments and subtidal shel'f limestones more typical of the
remainder of the Table Head., ~7
AGUATHUNA
Rescertiqr} - The St. Gcecorgc-Table Head unconformity is well~-
exposed in the quarry 2 xilometres from Aguathuna village, )
Total relief of the'surface has been Previously reported to
. ’
be 10 metres {Cumming, 1968) , though much less is apparent
now, presumably due to quarrying pperations, On the east
side of the quarry, the uncanformity descends 4 metres into g

the St. George forming a bhannel—shaped depression about
50 metres wide. The western flank of the channel rises
gradually, with two steps over a distance of about 125 metres

4, Table Head sedinentation

from the channel centre (Fig. 6
began in the depression, as a fenestral cryptalgal laminite

up to 0.8 metre thick, containing lithoclasts of Str. George
dolostone and chert, This is overlain with a burrowed and

- .
eroded contact by bioturbated light—colopred nmudstone that
' _ tontains ostracodes and is up to 0.7 metre thick in the

depression centre. In the deepest part of the depression

is a 1 metre wide lens'of cross-laminated grainstone containing
peloids, ostracodes, and dolostone fragments: the current

direction is approximately to the northwest, The light-coloured

mudstone is overlain by a unit of dark-coloured nodular lime-

‘
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stone, up to 0,5 metre thick, that pinches out at the flanks

of the dépression, This lithology is partly bioturbated
dolomitic mudstone and ostracode packstone with scattered
cryptalgal laminated layers containing abundant Gizyangllar
like algal filaments (F#g. 65E ). The filaments are hollow
unbranched tubes, 20 to 30 microns in diameter, with nearly
cpaque organic-rich (imparting a brown stain to acetate peels)
micrite walls, The tubes lie h;rizontally and are not tangled,
In the deepest part of the depressioﬁ, this unit is overlain
by thinly and lenticularly bedded dolostone and mudstone
(lithotope D) which grades laterally to light-coloured
bioturbated mudstone that itself Pinches out, Overlying this *
is up to 1.2 metres of cryptalgal laminated limestone that
contains lithoclasts of chert aud dolostone and drapes into
fractures and crevices and around projections of the underlying
Aguathuna Formation (Fig, 65A). This is overlain by dark-

coloured burrowed fossiliferous limestone of '"typical’ Table

Head lithology.

&

Extensive silicification is pPresent in a limestone bed
of the St. George where truncated by the unconformity, At
one “of the steps in the contact, a banded fabric of silicifi-
cation is developed in & fossiliferous wackestone bed only
at the co;tact and nowhere else in the beds (Fig, 65B),
Silicification doeb not penetrate into the.Table Head, The
partly siliéified limestone is fractured with infilliongs of
peloidal grainstone of the basal Table Head cryptalgal
laminite (Fig. 65C). The uppermost band of chert is composed

of mieroquartz that grades downward to micrite partly replaced
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FIGURE 65

ST, GEORGE-TABLE HEAD CONTACT, AGUATHUNA QUARRY

Vertically grienteg slab of brecciated and eroded dolostone of
the Aguathuma Fm. overlain by lithoclastic crypralgal laminated
basal Table Read, western end of quarry. Scale in cm.

Vertically orianted slab of banded and fractured silcrete develohed
in fossiliferous wackestone of the Aguathuna Fm., overlain by basal
Table Head grainstone. Scale }n cm.

Vertically oriented thin section photomicrograph of top of sllcrete,.
showing microquartz (with replacement dolomite rhomb) fractured

with infilling of overlying Table Head grainstone. Crossed nicols;
scale bar 500 um.

Vertically oriented thin section photomicrograph of silcrete
microquartz replaced by dolomite rhomb. Rhomb has been leached
out and contains geopetal internal sediment from overlying dark-
coloured Table Head sediment, followed by calcite spar cement,
Scale bar 100 um.

Vertically oriented thin section photomicrograph of cryptalgal
laminated layers in dark-coloured pond sediment of the basal
Table Head sequence, showing algal filaments and articulated
ostracode valves. Scale bar 500 um,







190

by cryptoquartz, Successiye bands below thig Are also each
marked by a downward qgcrease in the degree of cryptoquartz
sllicification, Gastfopod molds are filled with megaquartz
cement. Dolomite rhombs replace chert and are partiy»ca1~
cltized., At the top of the chert crust, dolomite rhombs haye
been leached and the crystal molds_geopetally filled by
micrite and peloids of the basal Table Head (Fig, 65.D),

Interpretation - The contact i1s interpreted to be a channel

at its deepest point, rather than a closed dépresgion, because
.of the cross—laminated Brainstone that is probably a small
channel fill. The fenestral cryptalgal laminites are integ-
preted to have been deposited in frequently wetted Protected
intertidal -areas, and topographically higher cryptalgal
laminites containing lithoclasts.were probably supratidal,
Deepening and an increase in sediment supply gave rise to
bioturbated mudstqpe, interpreted to be an intertidal }lat
deposit. The dark-coloured limestone in the channel 1s
interpreted to have been deposited in a lagoon or pond of variable
salinity with brackish conditions suggested by the ostracode
fauna, whose floor was sporadically covered by algal npats,
Preservation of algal filaments was pfobably promoted by the
non-marine conditions enhancing calcification, Overlying this,
bioturbated intertidal mudstome passed laterally to tidal-
bedded sediment in the deeper pare of the channel, the site

of active sediment movement where currents vouid have heen
stiopger. The tidal flat complex accreted to the upper inter-
tidal zone bhecause it 1s‘overiain by cryptalgal laminites,

Subtidal conditions rapidly prograded over the whole complex,
. ' ,

e b i b e At it 3 a0
.




w. .

i 191

The banded chert crust deyeloped in the limestone bed
wvhere truncated by the unconformity is interpreted to be a | 1
silcrete developed in lithified limestone while it was sub-
aerially exposed befpre Table He;; sedimentation, It did not
form within the St. Ceorge before Table Head sedimentation <
because it 1s only developed where the contact cuts across the
limestone bed, It did not develop after burial by Table Bead

sediments because post-chertification dolomite rhombs havye

been leached and geopetally filled by Table Head sedigent

(Fig. 6°6).

OTHER LOCALITIES

péscrigtion - At Port au Choix, the contact is poorly exppsed

in a cliff on the southeast side of Back Arm ; 2 kilometres from Y,
the town, Epigenetically dolomitized Catoche Formation {s
overlain by about 6 metres of massive finely crystalliné
ferroan dolostone that is indistinctly laminated in places,
The contact has been placed preyiously (Lévesque, 1977) at
the top of this dolostone, though there 1is no relief apparent.
Successively overlying this is 0.6 metre of nudstone containing
ostracodes, 0.4 metre of fnterbedded cryptalgal laminite and
ostracode-rich mudstone, 1,2 metres of ostracode~rich packstone
anq mudstone, 1,6 metres of interbedded peloidal grainstone
and cryptalgal laminite, and finally 'typical® dark-coloured
fossiliferous wackestgne and mu@stone,

The contact is exposed 2 kilometres northeast pof the

Gravels. Thinly bedded dolostone of lithotope D is oyerlain

Buctessively by 0,15 metre of dolomitic cryptalgal laminite
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H
1
containing chert fragments, 0.2 metre of dark-coloured nodular }
fossiliferous limestone, 1,2 metre of light~coloured bioturbated
mudstone, 1.0 metre of fenestral cryptalgal laminite, and finally

'typical' wackestone with scattered grainstone fnterbeds. No

relief is seen on the contact except for coﬁpaction around
chert nﬁdules.

The contact is also exposed 1 kilometre northwest of the
Gravels, purrow—mottled dolostone (lithotope C) 1is successively
overla{n by 0.8 metre of fenestral cryptalgal laminicte that.
is cut by a small reverse fault, 0,6 metre of mudstone containing
scattered fsssils, 0.4 metre of dark-coloured wavy- and
noduylar-bedded fossiliferous wackestone and mudstone, and ]
'typical' burrowed fossiliferous wackestone with grainstone
interbeds, There is no relief on this surface other than

compactioh around large chert nodules.

Interpretation - The overlying basal Table Head lithologies

are all suggestive of a tidal flat complex, The ostrac%de
fauna suggests restricted condittons of salinity, proSably

brackish. ' : - h

DISCUSSION

While a sedimentary and time break is inddlcated by the {
** St., George-~Table Head contact at Table Point and Aguathuna,
biostratigraphic studies to date in western Newfoundland are

insufficient to estimate the amount of time involved. 1It ) |

appears that the lower Whiterock stage is missing, that 1is, ? L

the Didymograptus hirundo graptolite zomne (S. Stouge, pers.

comm., 1979), The unconformity is fnterpreted to have been

f
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,8 time of subaerial exposure because of silcrete deyelopment,
tepee formation, breccilation and erosion, No strata were ; *
removed at Table Point, but at Aguathuna there is at least 4
met;es of down-cutting into already lithified and dolomitized
5t, George beds. The breccias and zinc mineralization at
Daniel's Harbour have already been shown (Chapter 4) not to L
be of pre-Table Head age as suggested by Cumming (1968) and

Collins and Smith (1975), and are therefore not evidence of

a high relief karst topography,

The shallow-water peritidal lithologies of the Aguathuna -
Formation indicate that the amount of relative sea-level
lowering needed to expose the Lower Ordovician tarbonate plat:
forn was not much. Thac:erosion seems to have been much
greater at Aguathuna than further north suggests that simple
sea-level dfop may have occurred, but mgre likely that gentle
warping of the shelf caused some areas to be uplifted slightly
more than others. The period of subaerial exposure was refleoted
in the polymictic character of Bed 14 pof the Cow Head Group,

The warping may have been tectonically géheréted during the
initial stages of clpsing af Iapetus Ocean (Williams and Stevens,
1974), The Table Head transgression appears to have occurred
more or less simultaneously across western Newfoundland, on
the basis of conodont data (S, Stouge, pers. comm,, 1979),

At the base of the Table Head, Bahamas-style tidal flat‘coﬁ—

Plexes developed everywhere before rapid progradation of a
q v

subtidal shelf sedimentary regime reflecting increased

suhsidence rate,
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CHAPTER 6 - CONCLUSIONS

The St. George Group was examined at twelve localities

n western Newfoundland. Lithologies can be described under
even lithotopes, plus a number'of miscellaneous characters,
at forme& in the peritidal environment. Lithotopes changed
bruptly laterally, and short distance facies correlation shows
at lateral facies patterns were complex. The St. George varies
n character in different>geographic areas and in different parts
f the section. The vertical oscillation of lithotopes and thg
bundance of contacts between them in the Isthmus Bay and Agua-
una Formations generate lithotope sequence!’that suggest that
ese two formations accumulated on a éhelf dotted with low-
telief islands and banks ghat differed in character in different
eas and changed with time. The Catoche Formation was dominantly
subtidal mudbank complex, with scattered reef ‘shoals and inter-
idal banks. Depostion took place under conditions of more or
ess continuous subsidence that was more rapid in Catoche time.
gional relative lowering of sea level only occurred ﬁomen~
arily near the top of the Isthmus Bay Formation, in the Agua-
una Formation, and at the top of the St. George before the
Set of Table Head deposition. On the unconformity between the
t. George and Table Head Groups, four metres of relief is seen
Port au Port Peninsula, but none is apparent at Table Point.
lcrete developed in exposed St. George limestone at one place
fore the whole shelf was inundated by Bahamas-style tidal flat
dWplexes of the basal Table Head. |
Cryptalgal structures are abundant in the St. George and

1clude oncolites, cryptalgal laminites, thrombolites, and stro-
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.matolites of hemispherical, branching columnar, and aberrant
conical and 'cerebral" morphologies. The type and brapching ’
style'is related to biological and environmental parameters
including scour, sed{ment'size, sedimentation rate, and episo-
dicity of s;edimentation.. An open ended classification was
erected for’cryptalgal microétructgre which is also related to

both environmental and biclogical and textural characteristics

of, the algal mats. Thrombolite mounds formed subtidal reefs,

often ¢oalescing imto large banks, and supported a diverse

benthos, In placés, .framework-buildirng algal mats were aided ’
ol

by sponges, primitive torals, and the éalcified blue-green

algae Renmalcis (shown to bs a diagenetic taxon, like the en-

crusting Girvanella). Unique thronbolite-Lichenaria-Renalcis
T A A .
boundstones of sin'pr:ising complexity occur low in the Isthmus
° . » v
Bay Formation. Thesec boundstones had drregular growth surfaces

with abundant cavities, tunnels, nooks, and crannies. The
tharacter of the frameworks and assoclated benthos show that
the subtidlal reef community was well developed, though not as
diverse compared with later reefs. St. George thrombolitic
mounds are .a reef type in the middle of the transition from
s-tromatolitic bioherms of the Precambrian and Cambrian, and
metazcan bioherms of the later Phanetozoic.

Numerous stages of diagenetic alteration were involved in
the lithogenesis of the calcareous sediments of the St, George.
On the sea floor, facies specific radial bladed calcite cementa-
tion occurred inp cryptalgal reefs and formed hardgro mds. During
thg early stages of burial, compaction occurred ina it&ouogeneous

sediments, aragonitic molluscs were leached, authigenic silicates

formed, botryoidal neomorphic spar and silica replaceq‘ carbonate
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components, gmd calcite spar began to cement the soft sedi-
ment . Ooids, shown to be primary high-Mg calcite, recrystallized
to produce a coarse radial microstructure. A finely £ibrous
fur-like microquartz Teplaced ooids in some beds. During
continued burial, neomorphic spar and diagenetic dolomirte
replaced limestone. This diégenetic 5equence appears typical
for Lower Paleozoic shallow-water carbonates of North America.
In addition, parts of the St. George suffered - slight tectanic
deformation during the Acadian Orogeny, and after this epigene-
tic dolomitization aff_ected many areas, emplacing at least one’),
economic sphalerite deposit. -, -

Much further work remains to be done on the St, George.
Paleontological study is still minute compared with the vast
numbers of organisms preserved. The Cambro—Ordov-ician boundary
has not been precisely positioned on Port au Port Peninsula.
Coupled with taxonomic work, detailed palececological study
of subtidal units, espec;ially the mudbank complexes of the
Catoche 'Formation, would be very valuable. The St. George is
a typical Lower Pal.eozoic "burrow-mottled" carbonate unit, and
deserves ichnological study. Preliminary work suggests that the
ichnofauna is similar to that of siliciclastic peritidal rocks,

but preservation is different owing to the nature of cementation

and dolomitization.
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MEASURED STRATIGRAPHIC SECTIONS*
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*Except for that measured at Table Point because of poor preservation
and fncompleteness of the section.
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APPENDIX A

ISTHMUS BAY

This section was measured at the eastern end of Port au
Port Peninsula, beginning 1.5 km southwest of the south gravel bar
joining the peninsula with mainland Newfoundland, and continding
along the shore to the Gravels. Most of the Catoche Fm. 18 covered
between the two gravel bars, and north of the Gravels the section
comprises the Aguathuna Formation ‘

Thickness (m)

Unit Description Unic - Total

Table Head Group

Continges upvar«i for an ummeasured thickness of wacke-
stone, burrowed, bioclastic, with many grainstome
beds .

Dolostone, recessive '

Wackestone, ” burrowed, gastropods

Wackestone, burrowed )

Wackestone, nodular, &ark—coloured, fos;iliferoua

Hackeséone, burrowed, light-coioured

Mudstone, cryptalgal lamingted, fenestral fabric

Contact sharp and slightly undulating due to éo-paction

around chert nodulesg

.St. Ceorge Group

- Aguathuna Formation

Dolostone, thinly bedded, burrowed

-

Bou’ﬁdstonc, thrombolitie, fossiliferous, burrowved,
grainstone’ and wackestone matrix’ ”~

Dolostone, thinly bedded, burrowed

Boundstone, stacked hemispheroidal stroma tolites,
dolomitized
-

Dolostone, cryptalgal laminated, chert nodules

Dolostone, thinly, vavy, and lenticular bedded,
scattered bioturbation, chert nodules

Dolostone, thinly, wavy, and lenticular "bedded,
current laminated; -scattered SH stromatolites
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Dolostone, thinly and lenticular bedded, chert nodules

Dolostone, thinly and lenticular bedded, scour and

f£111 structures
4

Boundstone, wavy cryptalgal laminite to low-relief
LLH stromatolites, grades laterally to dolostone, chert
noduleg ) 0.7
‘Dolostone, thinly bedded, current laminated

Dolostone, cryptalgal laminated, mudcracked

Dolostone, thinly, wavy, and lenticular bedded, cross-
laminated

Boundstone, dolomitized LLH stromatolites, capped by
thin cryptalgal laminite, mudcracks, chert nodules

Dolostone, thinly, wavy, and lenticular bedded,
current laminated, scour and fil1 structures

Two normal faults, trending N 15° E, western blocks up-
thrown a total of 3.5 metres

Grainstone, wackestone, mudstone, burrowed, scattered
small SH gtromatolites, fossiliferous 1.0

Mudstone, cryptalgal laminated ) 0.8

Dolostone, thinly and.lenticular bedded, intraclastic
bed, scattered SH'stromatolites up to 0,2 m, across 0.9

Mudstoge, crypt'algal laminated 0.1

Dolostone, thinly and lenticular bedded, cross-laminated,
_chert nodules at top «~ 1.0

Grainstone and wackestone, - burrowed, fossiliferous 0.4

Dolostone, thinly bedded, burrowed _ 1.0

Boundstone, Pulchriiamina mounds, flanked by dolomitized -
grainstone,-grades laterally to thinly, bedded dolostone,
burrowed, scattered chert nodules, silicified burrows 0.6

Dolostone, cross-laminated, burrowed top 0.6

Boundstone, LlH stromatolités, lggr—relief, mudcracked
upper surface, acattergd chert nodules

Dolosl:o:';e; thinly, wavy, and lenticular bedded

Grainatone and mudstone, burrowed, foésiliferoua,
scattered chert nodules.
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314 Dolostone, thinly bedded, burrowed, scattered chert 1.4 446.9

313  Boundstone, low-relief LLH stromatolites, chert nodules
at top 0.2 445.,5

312 Grainstone, mudstone, and dolostone, thinly, wavy, and
lenticular bedded, cross-laminated, scattered biotur-
bation, scattered small SH stromatolites and mudcracks,
scattered chert nodules 0.7 445.,3

311 Boundstone, large diameter, low-relief LLH stromatolites 0.2 L44.6
310 Dolostone, current-laminated, ?cryptalgal laminated 0.8 444.4
309 Dolostone, finely crystalline, ferroan, cross-laminated

beds, squashed mudcracks, chert nodules at top 0.4 443.6

-

308 Boundstone, LLH stromatoli"tés, low-relief, 0.2 é0 0.4 m

across, chert nodule¥ at top 0.2 443.2
307 Dolostone, current-laminated, ?crypt}ilgal laminated, . *
scattered chert nodules 1.3 443.0

306 Boundstone, low-relief LLH stromatolites and wavy
cryptalgal laminites, intraclastic grainstone at
base, grades laterally to dolostone 0.3 441.7

JO5 Dolostone, current-laminated, interference ripples,
?crytpalgal laminated; 0.4 4414 v

304  Mudstone, dolostone, and chert, brecciated rubble and
buckled beds, green shale seams, thins toﬂ.Z m, de—
pressions on upper surface filled with cross-laminated

. intraclastic grainstone . 0.4 441.0
303 Grainstone and wackestone, burrowed, fossiliferous, 1

hardgrounds , 0.4 440.6

302 Dolostone, thinly, wavy, and lenticular beddes 0.8 440.2

301 Grainstone and wackestone, burrowed, fossiliferous,
small thrombolite mounds of irregular shape, chert
nodules at top 0.4 439.4

»

300 Dolostone, thinly, wavy, and lenticular bedded, one
burrowed bed 0.9 439.0

299 Boundsfone, LLH stromatolites, low-relief, wavy crypt- .
algal laminites, matrix intraclastic grainstone 0.4 438.1

298 Dolostone, cryptalgal laminated, l‘nudcracks ag base, 1

scattered chert nodules 0.8 437.7 |
297 Mudstone and wackestone, burrowed, scattered dolomitized {
SH stromatolites, grades laterally to dolostone ‘ 0.8 436.9
‘ ™~

e s A A B .
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296  Dolostone, thinly and wavy bedded 0.3 436.1

295 Grainstone and wackestone, burrowed, cross—-laminated,
fossiliferous, two beds of SH stromatcolites up to
0.2 m in diameter . 1.1 435.8

294 Dolostone, thinly, wavy, and lenticular bedded, scour
and f11l structures, cross-laminated, scattered bio-
turbation, scattered chert nodules 2.8 434.7

293  Dolostone, cryptalgal laminated . . 0.6 431.9
292 Dolostone, thinly, wavy, and lenticular bedded, scour

and f111 structures, cross-laminated in places, scat-
tered bioturbation 3.0 431.3

291 Mudstone, yackestone, grainstone, and dolostone, thinly
: interbedded, wavy, lenticular and nodular bedded,

fossiliferous 0.5 428.3
290 Boundstone, LLH stromatolites ' 0.2 427.8 .
289 Dolostone, thinly, wavy, and lenticular bedded 0.2 247.6
288 vDolostone, cryptalgal laminatéd ‘ 2.2 427.4

287 Gréinstone, thinly bedded, cross-laminated, hardground
- &t top, chert nodules at top, colloform Pb-Zn veins 0.4 425.2

286 Dolostone, cryptalgal laminated, mudcracks, intraclastic,

chert nodules 0.7 424.8
285 Dolostone, ‘burrowed ' 0.4 424.1
284 Dolostone, thinly, wavy, and lenticular bedded, scour
and fill structures 0.4 323.7
- 283 Dolostone, burrowed . 0.6 323.3
282 Dolcstone, current—~ and cryptalgal laminated, burrowed
top . 1.2 322.7
281  Covered | 0.4 321.5

N , {

280 Mudstone, cryptalgal laminated, bioclastic, intra-

clastic - © 0.2 321.1

279  Covered ’ 0.6 320.9 ‘

E ) 278 Grainstone and wackestone, burrowed, fossiliferous 0.6 320.3 )
- 2?7 Mudstone and dolostone, cryptalgal laminated 0.2 319.7

¢

276 Covered ' . 1.0 319.5
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267

266

265

264

263

262

261
260
259
258
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Doloétone, cryptalgal léminated, ?current-laminated 6.2
Covered 0.4
Crainstone, ocolitic, bioclastic . 0.2
Covered . 0.4
Mudstdne, cryptalgal laminated, grainstone beds 0.4
Dolostone, ‘ctoss-laminated . . 0.2
Grainstone, oolitic 0.5

The base of the Aguathuna Formation is expdsed immediately

north of the north gravel bar, beside the wooden fish-
hut .

Catoche Formation

Grainstone, wackestone, and mudstone, interbedded, thinly
in the lower half, cross-laminated, fossiliferous, near
top several horizons of .large, coalesced thrombolite

- mounds, dolomitic, poorly exposed between the two gravel
bars, thickness estimated 135.0

Boundstone, thrombolitic, large, greater thanm 0.7 m
diameter, irregular shaped, intertonguing flanking

grainstone 2.0
Graingtone and wackestone, burrowed 0.6
Crainstone, intraclastic 0.2

hl
Muds tone, wackestone, and grainstone, burrowed 0.8
Grainstone, thinly bedded, cross-laminated, mudstone

interbeds 1,0
Muds tone and dolostone, cryptalgal laminated, contact

with unit 263 intraclastic and eroded 0.2

Graiﬁstone, mudstone, and wackestone, interbedded, ‘
burrowed in part, lensoldal grainatone beds, rippled 5.A

- Mudstone and wackestone, burrowed, thin grainstone inter-

beds 1.4
Wackestone, grainstone, and mudstone, interbedded, bur-

rowed in part, lensoidal grainstone beds, rippled . 3.0
Mudstone, cryptalgal laminated, intraclastic grainstone

beds, mudcracks ) .. 2.0
Graingtone, intraclastic, bioclastic 0.2

418.5
418.3
417.9
417.7
417.3
416.9

416.7

416.2

281.2
279.2
278.6

.
2784

276.6 -

275.6

275.4

270.0

268.6

265.6

263.6

.

i
|
R
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Wackestone, grainstone, and mudstone, interbedded,
burrowed, cross-lamination \ 3.0

Grainstone and mudstone, thinly interbedded, intraclastic,
scattered horizontal burrows, bioclastic 1.5

Boundstone, thrombolitic, small mounds 0.5

CGrainstone andNﬁﬁdQES?e, thinly interbedded, scattered

burrows 1.0

~Mudstone, cryptalgal laminated, mudcracked, scattered
" intraclastic beds, grainstone beds near base 2.2

Grainstone and mudstone, rippled, scattered biotur—-
bation 1.5

Isthmus Bay Formation

Dolostone, cryptalgal laminated, gradatjional with'
unit 251
t

Grainstone, mudstone, and dolostone, thinly inter-

bedded, scattered horizontal burrows
Dpolostone, cryptalgai'laminated
)
Graimgtone and mudstone, thinly interbedded; bed of
low-relief stromatolites, scattered burrows, disrup-
ting cryptalgal laminated bed ’

- Dolostone, cryptalgal laminated, intraclastic beds’

Grainstohe and mudstone, thinly interbedded, scattergg
burrows, unfossiliferous

Dolostone, cryptalgal laminated
Grainstone and mudstone, thinly interquded

Grafnstone, scattered thrombolite mounds, up to 0.2 m
across, fossiliferous .

Dolostone, cryptalgal and current-laminated

Grainstone, intraclastic

Dolostone and mudstone, cryptalgal laminated, scaftered
intraclastic beds

Grainstone and wackestone, burrowed

Graingtone, intraclastic, bioclastic
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236 Dolostone, cryptalgal laminated, mudcracks with grainstone
infillings, scattered grainstone beds : . 0.6 242.2

235 Grainstone, bioclastic 0.2 241.6
234 Boundstane, thrombolitic, irregular shape, up to o.2 m

across, flanking grainstone bioclastic, oolitic, cross-
laminated i 0.4 241.4

233 CGrainstone and dolostone, thiply interbedded, shrinkage i
cracks in dolostone, torn forming intraclasts, scattered ’
small SH stromatolites a.6 241.0

232 Boundstone, thrombolitic, sponge sticks, Renalcis in

cavity : 0.6 240.4

L -
231 Dolostone, cryptalgal laminated 0.4 239.8
230 Grainstone and wackestone, burrowed 1.2 239.4

229 Grainstone and dolostone, thinly interbedded, 'bioclastic,
oolitic, hardground surfaces, horizom of LLH stromato-

lites, shrinkage cracks, torn into intraclasts 1.2 238.2
228 Wackestone and grainstone, burrowed 1.2 237.0
227 Grainstone, bioclastic, SH stromatolites 0.2 235.8

226 Wackestone and grainstone, interbedded, burrowed in part 0.7 235.6

4
225 Grainstone and dolostone, thinly interbedded, biloclastic,
scattered small. SH stromatolites 0.5 234.9 -

224 Wackestone and grainstone, burrowed 0.5 234.4

223 Dolostone, cryptalgal laminated, mudcracked, intraclastic

beds : 0.4 233.9
222 Grainstone and wackestone, burrowea.'small thrombolite
mounds, irregular shape 0.3 233.5
) .
221 Grainstone, ogolitic 0.4 233.2
220 Dolostone, cr&ptalgal laminated, ?current-laminated at Tt
base e 0.5- 232.8
. ] -
219 Grainstone wackestone, and mudstone, thinly interbedded, .
burrowed in part, bioclastic, oolitic, eroded base 2.4 232.13
218 Graipstone and wackesione, burrowed, bioclastic, small .
thrombolite mounds * 0.8 229.9

Small normal fault, 0.2 = displacement: W side upthrown

217 Dolostone, cryptalgal laminated, current laminated, mud- ,
cracks ’ 0.4 229.1

i

s
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216 Grainstone, bioclastic, burroved towards top / 1.4 228.7
215 Grainstone and wackestone, thinly interbedded, burrowed D.f. 227.3
214 Grainstone, bioclastic, oolitic 0.6 226.9
213 Dolostone, burrowed 0.3 .226.3

212 Dolostone, cryptalgal laminated, current-laminated,
Scattered grainstone beds, small SH stromatolites 0.8 226.0

211 Dolostone, thinly and wavy bedded, cross-lamination,
Brainstone lenses, bioclastic 2.7 225.2

210 Grainstome and wackestone, burrowed 0.8 222.5
‘ 209 Doloestone, cryptalgal laminated, cross-laminated grain-
g stone beds, brecciated horizons, top is less dolomitic 1.0 221.7

208 Grainstone, thinly bedded, some mudstone interbeds,
scattered bioturbation 0.5 220.7

’ 207 Grainstone and wackestone, burrowed, some fossils,
Lichenaria-like metazoan clumps 2.3 220.2

206 Dolostone, cryptalgal laminated, mudcracks, grainstone

beds and mudcrack infillings - ' 0.3 217.9
205 Grainstone, mudstone, and dolostone, thinly interbedded,

lenticular and wavy bedding, scour and fill structures,

grades laterally to dol)ostone : 0.3 217.6

204 Grainstone, muds tone, and wackesténe, burrowed, small
irregular thrombolite mounds . 1.2 217.3

\ 203 Bolostone, grainstone, and mudstone, thinly, wavy, and
lenticular interbedded, current-lamination, scour and
fi111 structures, several beds of LLH stromatolites 1.4 216.1

202 Dolostone, breccia of cryptalgal laminated fragments at
base, upwards to grainstone, oolitic and intraclastiec,

} and dolomitized with chert nodules ‘ 0.2 214.?
h 201 Dolostone, cryptalgal laminated, top brecciated 0.4 214.5 , -
‘200 Boundstone, small, less than 0.1 m diameter SH stromato-
lites, beds between bioclastic grainatone 0.2 214.1
199 Dolostone, burrowed ' | 1.2 213,9 b
198 Dolostone, cryptalgal laminated . 0.6 212.7 ! 1

197 Dolostone, thinly, wavy, and lenticular bedded, current-
. laminated, chert nodules 0.4 212,17 . -
N\ 196 Dolostone, burrowed, chert nodules preserving small colum-
nar stromatolite mounds at top 0.6 211.7
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176
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Dolostone, thinly, wavy, and lenticular bedded, current-
laminated, chert nodules at top 0.8

Dolostone, cryptalgal laminated, top brecciated - 0.2

Dolostone, thinly, wavy, and lenticular bedded, scattered
small SH stromatolites and bioturb,’ation, chert nodules 0.4

Grainstone, thinly bedded, burrowed, small thrombolite
mounds, chert nodules, lower contact cuts finto unit 191
with a lag of round dolostone intraclasts at base, grades
laterally to dolostone l.0

Dolostone, cryptalgal laminated, grades late"call’y to
breccia of large angular blocks |, . 0.7

Boundstone, thrombolitic, ?corals, cap of grainatone,
eroded into a hummocky surface and completely removed
*over a distance of 10 m, depressions filled with intra-
clastic dolostone, where eroded out, unit 189 overlain
by burrowed dolostone

Dolostone, cryptalgal laminated, chert nodules °

Dolostone, epigenetic, 0.6 m thick stromatolites

Dolostone, thinly bedded, burrowed

Grainstone, intraclastic, chert nodules at top

Dolostone, cryptalgal laminated, mudcracks

Dolostone, burrowed, chert nodules

Grainatone and mudstone, thinly bedded, burrowed, SH
stromatolites at base ) 1.0

Dolostone, cryptalgal laminated 2.0
Grainstone and wackestone, burrowed, bloclastic 1.0
Dolostone, thinly bedded, burrowed 1.0

Dolostone, thinly, lenticular, and wavy bedded, current-
laminated in places, acour and fi1l structures . 1.0

Boundstone, thrombolitic, narrow bulbous heads coalesced
towards top roofing over narrow channels, eroded channel
margins, top 18 burrowed wackeatone and grainstone

Grainstone and mudstone, thinly interbedded, burrowed

Dolostone, cryptalgal laminated

Gi’ainstone, nudatone,- and wackestone, burrowed

-
.
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174. Dolostone, cryptalgal laminated 0.2 191.2

173 Grainstone and wackestone, bioclastic, small irregular
thrombolite mounds, ?corals, burrowed, oncolitic 0.4 191.0

172 Dolostone, thinly and lenticular bedded, scour and fil1

structures 0.2 190.6
171‘ Dolostone, cryptalgal laminated 0.4 190.4
170 Grainstone and nudstone, thinly interbedded, burrowed 2.0 190.0
169 . Dolostone, crypt;lgal laminated, mudcracks 0.4 '188.0
.168 Grainstone, mudstone, and dolostone, thinly interbedded,

most beds burrowed, layer with shrinkage cracks 2.1 187.6
-167 Dolégtone, cryptalgal laminated 1.5 185.5

166 Grainstone, vwackestone, and mudstone, thinly interbedded,
burrows, at top small, less than 0.1 m SH stromatolites 0.5 184.0

165 Wackestone and grainstone, burrowed 0.6 183.5
164 Grainstone and wackestone, thinly bedded, - burrowed,
. hardgrounds? 0.8 182.9

163 Dolostone, mudstone, and grainstone, thinly, wavy, and
lenticular bedded, scour and fill structures, scattered

small, less than"Oflaﬁ diameter SH stromatolites 1.0 182.1
162 Dolostoﬁe; cryptalgal laminated ‘ 0.3 181.;
161 Graingtone, mudstone, and wackestone, thinly inéerbedded,

burrowed in part, oolitic bed, chert nodules at top 0.9 .180.8 . ]
160 Dolostone, cryptalgal laminated, mudcracied 0.8 179.9

159 Gréinstone, mudstone, and wackestone, thinly interbedded,
-burrowed, ripples, one bed of small SH stromatolites 0.8 179.1

158 Mudstone and dolostone, cryptalgal laminated 0.4 178.3
157 Grainstone, oolitic at base, small SH stromatolites, . : o ‘
omission surface ) 0.4 177.9
156 Mudstone, fenestral, cryptalgal laminated 0.4 177.5 !
155 Dolostone and mudstone, cryptalgal laminated, bed of crypt- .
N algal intraclasts ' ' 2.0 177.1 i
/( 154 Grainstone and wackestone, burrowed ’ . 0.5 175.}

N

153 Dolostone, cryptalgal laminated, deep prism cracks,
' mudcracks : ' 3.0 174.6

ha . A Bma .. e . .

ey




219

152 Dolostone, thinly, wavy, and lenticular bedded, scour .
and fill structures, scattered bioturbation, intraclastic
base . 1.0

151 Grainstone, wackestone, and mudstone, thinly interbedded,
burrowed, gastropods, bed of irregular shape SH stromato-
lites 2.3

150 Dolostone, cryptalgal laminated and thinly bedded, base
scoured and cross-laminated 'y 0.3

149 Grainstone, mudstone, wackestone, and dolostone, thinly

) interbedded, gastropods, burrows and bug;owed 1.4

148 Dolostone, thinly bedded, scattered bioturbation 0.4
! [}
147 rainstone, mudstone, and dolostone, thinly interbedded,

wavy and lenticular bedding 0.2

146‘ Grainstone, cross-laminated, bioclastic, intraclastic 0.2

1453\Grainstone, mudstone, and wackestone, thinly interbedded,
'~ scattered bioturbation 0.6

144 Dolostone, cryptalgal laminated ‘ 2.0

143 Grainstone, wackes tone, mudstdne, and dolostone, thinly
interbedded, nodular in places, scattered bioturbation: 1.6

142 Boundstone, thrombolitic, less than 0.5 m diameter mounds,
developed on top of hardground which is top of unit 141,

top planed and capped by grainstone 0.2
141 Mudstone and grainstone, thinly interbedded, imbricated

intraclasts 0.2
140 Dolostone, cryptalgal laminated ’ 0.5
139 Grainstone, wackestone, mudstone, and dolostone, thinly

interbedded, burrows and burrowed _ . 1.4
138;fBoundstone, SH aﬁd LLH stromatolites, burrowed mudstone

between . 0.2
137 Wackestone and grainstone, burrowed, small thrombolite

mounds 0.5
136 Grainstone, dolostone, and mudstone, thinly bedded,

' scattered bioturbation N 1.6

135 Gra}nstone,'imbricated intraclastic, herringbone, base is

discontinuous mudstone bed. ‘ 0.2
134 Boundstone, thrombolitic,‘loundé up to 0.5 m in diameter,

eroded into pillars, grainstone between eroded to super-

imposed hardgrounds, top planed flat, large intraclasts

at base ; 0.4

172.6

171.6
169.3

169.0

167.6

167.2

167.0

166.8

166.2

164.2

162.6

162.4

162.2
161.7
160.3
160.1
159.6

158.0

157.8
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120
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3
a

Mudstone, cryptalgal laminated, fenestral fabric, upper
surface eroded ro a cuspate surface 0.1 157.4

Dolostone, mudstone, and grainstone, cryptaléal laminated,

chert nodules 0.8 157.3
Dolostone, mudstone, and grainstone, thinly inierbedded,

burrowed in places 0.4 156.5
Grainstone, bioclastic, burrowed, small frregular shaped

thrombolites 1.4 156.1
Dolostone, cryptalgal laminated, ghrinkage cracks 2.4 154.7

Mudstone, dolostone, and grainstone, thinly interbedded,
burrowed in places, cross- and herringbornie cross-lamina-
ted, bioclastic 2.7 152.3

Mudstone, dolostone, and Brainstone, thinly interbedded, :
nodular, horizontal burrows 1.6 149.6

Grainsatone and mudstone, thinly 1n4érbedded, horizontal
burrowsa, bioclastic . 0.6 148.0

Boundstone, large thrombolite mounds up to 0.8 m thick and
2,0 m wide, grainstone between mounds cross-laminated 1.0 147 .4

Boundstone, wavy cryptalgal laminite to LLH stromatolites,

chert ’EV6.4.

Boundstone, large mounds of compound SH type, 1 to S m
diameter, infill is grainstone and mudstone, thinly.
interbedded, mudcracked at top . 1.2 146.0

Boundstone, small columnar stromatpolite mounds capped by
undulating cryptalgal laminite to LLH stromatolites, rare
gastropods 0.2 144.8

Boundstone, low-relief LLH stromatolites, trilobite bits 0.4 144.6

Mudstone and dolostone, thinly, wavy, and lenticular
interbedded 0.4 1442

Mudstone, cryptalgal laminated to low-relief LLH stro-
matolites, beds at top buckled, upper surface eroded
into intraclasts and partly silicified 0.6 143.8

Boundstone, SH to columnar stromatolites, top burrowed
muds tone 0.4 143.2

&) \

Boundstone, wavy cryptalgal laminite to LLH stromatolites 1.0 142.8

Grainstone, mudstone, and dolostoue, thinly interbedded,

beds of wavy cryptalgal lamination gpd LLH stromatolites,
mudcracks, oolitic 1.0 141.8

Grainstone, thinly bedded, bioclastic, oolitic, SH stroma-
tolites, top is LLH stromatolites 1.4 140.8

i

-
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114, Grainstone and mudstone, thinly, lenticular, wavy and
nodular fnterbedded

Fau}t, striking approximately N 40° W, western side up-
thrown, unknown but probably minor displacement

Dolostone, thinly bedded, burrowed

Dolostone, thinly'bedded, sgattered bioturbation

Dolostone, thinly bedded, burrowed, several silicified
horizons

Dolostone, thinly and lenticular bedded, scattered bio-
turbation

7
Dolostone, burrowed, sf{licified burrows at top
a .
Dolostone, thinly bedded, burrowed, omission surface
with silica-lined vugs '

Dolostone, cryptalgél laminated

Dolostone, thinly bedded, buifoved

Dolostone, cryptalgal laminated, mudcracks, scattered
intraclastic and cross-laminated beds

Dolostone, thinly bedded, scour and f£ill structures,
ascattered burrows

Grainstone, mudstone, and wackestone, thinly interbedded,
burrowed, cross-laminated, shallow channels, dolostone
at top, bloclastic

Dolostone, thinly bedded, many beds bufrbued

Mudstone, grainstone, and dolostone, thinly, wavy, and
lenticular‘dgterbedded, rippled, nodular, bioturbation
near top

Y

Dolostone, cryptalgal laminated, scattergﬁ intraclastic
and disrupted horizons, low stromatolite domes

Dolostone, thinly bédded, scour and fill structures,
pcattered bioturbation ’

Dolostone and grainstone, thinly interbedded, cross-
laminated, scour and fi111 structures, vertical burrows,
burrowed beds

Dolostone, thinly bedded, cut}ent-lalinated. cross—lamin—
ated

-

Dolostone, thinly bedded, burrowed
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95 Grainstone, mudstone, and wéckestone, thinly interbedded,

horizontal burrows 1.6 105.2
94® Grainstone, intraclastic 0.1 103.6
93 Mudstone, grainétone. and dolostone, thinly, lenticular,

and nodular interbedded 0.5 103.5
92 Grainstone, several ﬁérdground surfaces ' 0.6 103.0

91 Dolostone, thinly bedded, lenticular, scattered biotur-

bation 1.8 102.4
90 Mudstone and grainstone, thinly interbedded, ripples,
horizontal burrows 0.6 100.6
89 Dolostone, thinly beddedL eurrent- and cross-laminated,
scattered horizontal burrows 0.8 100.0
88 Mudstone and grainstone, thinly and lenticular interbedded.‘
cross~laminated, horizontal burrows 0.4 99.2 -
87 Wackeatone, burrowed 1.0 98.8
B6 Grainstone, thinly bedded, cross—laminated, mudcracks, v -
- bioclgstic, scattered burrows 0.4 97.8
85 Mudstone and graingstone, burrowed 0.4 97.4

84 Grainstone, thinly and medium bedded, silicified areas 0.6 97.0

83" Boundstone, narrow thrombolite mounds : 0.8 96.4
- .

82 Grainstone, medium bedded, cross-laminated,.hardgrounds 2.4 95.6

81 Boundstone, horizons of columnar stromatolite mounds 1 to
1.5 m {n diameter and 0.4 m thick, with aberrant conical

stromatolites, intraclastic between mounds 1.4 93.2
80 Dolostone, dolomitized grainstone 0.4 91.8
79 Wackestone, Burrowe&, nearly dolomitized 0.4 91.4

78 Boundstone, columnar stromatolite mounds 1.5 m in diameter
and 0.4 m thick, flanked and overlain by grainstone,
nearly dolomitized 1.2 91.0

77 Dolostone, epigenetic, dolomitized grainstone 0.8 89.8 .
\

76 Dolostone, thinly and lenticular bedded, scour and £111
, . structures, scattered chert nodules 0.8 89.0

75. Dalostone, thinly bedded, burrowed, two dolomitized grain-
stone beds 2.8 88.2

.

Reverse fault, east side gpthrown about 2.2 m

[N W SR
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74 Wackestone, thinly bedded, burrowed
f

73 Grainstone, nearly dolomitized

72 Dolostone, thinly bedded, burrowed

71 Wackestone, thinly bedded, burrowed

0.2
0.4
0.6

0.2

70 Dolostone, thinly bedded, scattered bfoturbation, chert at

base, replaces beds

69 Wackestone, grainstone, and mudstone, thin!y interbedded,
burrowed, parallel lamination . .
68 Dolostone, cross—laminated

67 Wackestone, ‘burroved
66 Grainstone, thinly bedded, cross-laminated

65 Dolostone, thinly bedded, cross-laminated at top, bur—
- rowed

64 Grainstone and mudstone, thinly interbedded, cross-lami-
nated, scabtered biloturbation

63 Covered

62 Grainstone and mudstone, thinly interbedded, burrowed,
dolomitized in upper )
. e
57-61 Boundstone, the Green Head bicherm complex, see teéxt
and Fig. 31 for detailed description

56 Dolostone, epigenetic, burrowed, remaant pod of' wacke-
- 8tone 'and mudstone, gastropods, chert wnodules

55 Dolostone, cryptalgal laminated to low-relief LIH stro-
matolites, chert nodules

54 Dolo;fone, thinly bedded, current-laminated, scour and -
£i1l structures. :

.

53 Dolostone, burrowed

52 Mudstone, cryptalgal laminated to broad low-relief LLH °

stromatolites, chert nodules and layers

51 Boundstone, SH stromatolites grading upward to columnar
stromatolites, flanking beds interbedded grainstone and

dolostone, laterally to wackestouns, burroved, silici-
fication ! .

0.8

8.0

2.2

2.0

12.0

7.6
1

0.6

LI

0.8

0.8

0.8

1.0

_ 350 Dolostone, thtnl’y bedded, scour apd fi}l structures, hase '

intraclastic grainstone, chert

»

0.4

85.4

32

8.8

84.2
84.0

83.2
82.2

81.6

81.4-

80.8

65.4
53.4

45.8

. 45.2

44 .4

43.6

42.8

41.8

L




224

Dolestone, cryptalgal laminated, chert

Dolostone and grainstone, thinly 1nterbedded, small
columnar stromatolite mouhds, chert nodules

©

Dolostone,l cryptalgal laminated, chert

.Mudstone, burrowed, chert nodules

Dolostone, thinly bedded, current-laminated

’

Dolostone, thinfy bedded, burrowed

Dologtone, thinly ;hd lenticular bedded, current-lamina-

ted

Dolestone, cryptalgal laminated, mudcracks, disrupted

laminae

Boundstone, LLY stromatolites, dolomitized,. chert

Dolostong,” thinly bedded, current-laminated, scagtered

biotur?ation

Dolostonk, two horizons of small LLH stromatolites, chert

. -

Dolostoné, thinly, wavy, and lenticular bedded, cross-
lamina?ed lenses, many P'xxrrowed beds, intraclastic base

Boundsto

s

cracks

llte, LLH, SH, and compound stromatolites, flanking
beds tdinly interbedd;ed mudstone and grainstone, mud-

36 "™Mudstone aind grainstone, thinly interbedded, scour and
£111 structures .

35 Boundstope, small LLH and SH stromatolites

[ !

3% Grainst he, thinly bedded, ctross—laminated, scour and

33 Dolostohe',

fi1l “struc tures

32 li)lostone ,» thinly

31

Dolostone, thinly
small SH and LLH stromafolites

30 - Dolostone, thinly

stone at top

» dolostane at bage -

oolitic, cherty

bedded, burrowed i

bedded, current-lamina t'ed » 8cattered

bedded, bugrowed, dolomitized 'grain-

29 Boundstone, SH stromatolites, chert , dolomit¥zed

v

28 Dolos tone, thinly

structures

and lenticilar bedded, scour and fill

.

6.2

0.2
0.2
0.8
1.5

1.5

0.2

1.0
0.2

1.2
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26

25

24

23

22

21

20

19

17

16

15

14

13

12

11

10
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Dolostone, thinly bedded, burrowed, burrowing decreases

upward \ 1.0
Boundstone, SH and compound, stromatolites, dolomitizeds 0.1
Dolostone, thinly bedded, bui'rowed_ : 1.5

Dolostone, thinly bedded, 0.2 to 0.3 m thick small colum-
nar stromatolite mounds, scattered bioturbation 1.5

Boundstone, SH upward to columnar stromatolite mounds,
chert 1.4

Dolostone, thinly bedded, current- and cryptalgal lamina-

ted - 1.0
Grainstone, oolitic and intraclasﬁic, rippled,' mudcracks

at top, chert nodules at top A 0.4
Dolostone’thir;ly beaded. burrowed 2.0
Boundstone, LLH Stromatolites, cherty between domes ,

dolomitized - Q.4
Dolostone, thinly bedded, current-laminated l.d
Dolostone, cryptalgal laminated,’ mudcracks at top 0.8
Dolostone, thinly bedded, burrowed : .0
Boundstone, L‘LH stRomatolites, dolomitized 0;2
Dolostone, thinly bedded, current-laminated 1.4
Dolostdne. cros;-laminated, ’mudcrac'ks at top 0.6

-

_ Dolostone, thinly bedded, burrowed, contact with unit 11

is a burrowed breccia (?omission surface) ' 1.4
Doiostone, thinly. bedded, current-laminated 1.2
Boundstone, LLH stromatolites - ,' 0.3
Dolostc;ne, oolitic, crosg-lalpinated - | 0.3

Dol‘t;stoné, thinly bedded, current—laminated, scattered

bioturbation 1.0
Dolostone, cryptalgal laminated, small LLH stromatolites,
intraclastic . 0.1
A Dolosfone, thinly bedded, current-laminated py 0.5
Boundstone, éompound étromatolit_es % o~
~ = ' .,I
* A J

21.9
20.9

20.5

19.3

17.8

16.4

15.4

15.0

13.0
12.6
11.6
10.8
9.8
9.6

8.2

7.6

5.0

4.7

4.4

3.4
3.3

2.8
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Dolostone,’ thinly, wavy, and lenticular bedded

Boundatone, LLH stromatolites, chert nodules and beds,
mudcracks at top

Dolostone, cryptalgal laminated
Dolostone, thinly bedded, burrowed '
: ~
Fault of unknown throw . This point is approximately
35 m above the last Upper Cambrian trilobites

0.6

0.2

1.4

2.4 '

1.8

“1.6

1.4

C b e e e
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AFPENDIX B
NORTHEAST GRAVELS

This section was measured along the shore of mainland Newfound-
land, beginning at a fault 1.5 km northeast of the Gravels that separate
Port au Port Peninsula from the mainland -

Thickness (m) .
Unit Description Unit Tatal l

Table Head Group

———~ Continues upward for an unmeasured thickness of wacke-
\ stone, burrowed, bioclastic, with pany grainstone
interbeds '

' 3 Grainstone, cryptalgal laminated, fenestral, bioclastic 1.0 2.55

2 Muds tone, burrowed, dark-coloured, scattered chert .
nodules at base ’ 1.4 1.55

1 Dolostone, limy, cryptalgal laminated, chert 1itho-
clasts * 0.15 0.15

Contagt sharp and slightly undulating due to compaction
arjnd chert’pogules .

St. George Group.

Aguathuna Formation

37 Dolostone, finely crystalline, current-laminated, scour

and £1{11 8tructures, chert nodules at top 3.4 36,9
1
36 Covered ‘ . 0.4 33.5
. ' ’
35 Doloatone, ££ryptalgal laminatd l.o 33,1

-

34 Dolostone, current-laminated, scour and fill structures 1.0 32,1

33 Dolostone, burrowed,. silicified burrows 0.5 31.1 ; *
. . |
32 Dolostone, cryptalgal laminated, doming to LLH stro- ;
matolites ; : 0.3 30.s §
31 Dolostone, current-laminated 0.4 30.3

" 30 Wackestone, burrowed, foseiliferous, 3 hardgrounds, the
upper vith 5 em relief, oncolitic gratnstone in deg_ren-

o My A s oo s o

sions 0.6 29.9
29  Doloatone, current-laminated .. 1.0 29.5
. . 4
28 Dolostone, burrowed : 1.0 28.5
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Mudstone and dolostone, cryptalgal laminated
Dolostone, thinly bedded, burrowed

Grainstone, dolomite-mottled, rare bioclasts and
gastropods g ’

Boundstone, thrombolitic, flanked by grainstone,
-cross-laminated, bioclastic

Grainstone, burrowed
Dolostone, thinly bedded, burrowed

Boundstone, LLH stroma‘tolites, passes laterally to
dolostone, current-laminated, cryptalgal intraclastic

Dolostone, current- and cryptalgal laminated, chert
nodules in.lower

Dolc;stone, cryptalgal laminated, intraclatic

Mudstone and grainstone, cryptalgal laminated, intra-
clastic, chert nodules at top 0.6

Dolostone, thinly, wavy, and lenticular—bedded, scattered
bioturbation 1.8

Dolostone, cryptalgal laminated, scattered small SH
stromatolites, intraclastic near top ’

0.4

Mudstone and grainstone, thinly interbedded, current-
oriented gastropods, bioclastic, mudcragks near top,
scattered bioturbation, intraclastic-at top with SH
stromatolites

Dolostone, current~laminated, scour and fil]l structures,
mudcracks at top

Mudstone and dolostone, cryptalgal laminated, doming to
LLH stromatolites:

Rubble, angular mudstone, cryptalgal laminated, and
stromatolite clasts, up to 0.2 m across, rare pelmato-
zosn debris, shaly matrix :

Mudstone, cryptalgal laminated, dowing to LLH stromato-
lites, chert nodules at top

Dolostone, burrowed
Wackestone, burroved, fossiliferous‘
Mudstone and dolostone, cryptalgal laminated

Béundstone. LLH stromatolites
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Mudsfone and dolostone, cryptalgal laminated, scattered
grainstone beds, bioclastic

Boundstone, large compound LLH stromatolotes

Mudstone, cryptalgal laminated, dolomitic in upper,
chert nodules at top

Mudstone and dolostone, thinly interbedded
Wackestone and grainstone, burrowed, fossiliferous

Dolostone, burrowed, chert nodules

1.2

0.6

1.2

,0-2

0.8

1.5
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APPENDIX C

AGUATHUNA Quutt

This section was measured in two quarries located:'l km west of

- the village of Aguathuna, Port au Port Peninsula. The base of the section

is in the quarry reached by a gravel road to the south of the paved high- i

way 48. A covered interval separates the two quarries. The contact with ' i
the Table Head Group is located along the quarry wall 50 m south of the

highvay. Beds below the section are faulted. '

.

Thickness (m)
Unit ~ - Description . Unit Total

Table Head Group

—-—~— The basal few metres show a complicated series of facies
changes due to the relief of the unconformity. See
Fig. 62 for outcrop sketch and 1ithological character-
istics. "

Contact sharp; with downcutting 4 m into underlying" St.
George Group. Lithoclasts of upper beds of St, George
Croup present in basal Table Head inestones‘. _

St. George Group .

Aguathuna Formation ‘ ' :

28 Hackestone, burrowed, chert replacing burrows (1 . 0.4 67.4

27 Dolostone, cryptalgal laminated upwards to LLH stro- ,
matolites, muderacked, chert nodules 0.6 67.0

26  Wackestone, burrowed, fogsiliferous (g&étropods, sponge
S spilules, ostracods), silcrete developed where trun- :
cated by unconformity " 0.4 66.4

~ . . .
25 Dolostone, current laminated, thinly bedded ! 1.0 66.0

. 24 Dolostone, cryptalgal lnin:lqed and current’ laminated, ‘

. : mudcracks, scattered bloturbation, chert nodules at top 0.6 65.0

23 Dolastone, medium <rystalline, thinly beddéd. burrowed,
at its deepest point, the unconformity cuts down 1 m
into this unit ‘ T

4.8 64.4
22  Dolostone, finely -crystlll-i’ne, ferroan, cryptalgal
laminated, layer of undolomitized tepee structures,

intraclastic layer 3.2 59.6

21 Dolostone, - thinly bedded, lenticular bedded, cross- and 4 - 1
current laminated, mudcracks, scattered bioturbation 3.0 356.4 :
A . ]
20 Dolostone, very fine grained, cryptalgal laminated, mud-
cracks, brecciated hor'izong, chert noduleg at top 1.8 53.4
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19 Dolostone, current laminated, thinly and lenticular
bedded, cross-laminated in part . 0.6 53.0

18 Dolostone and mudstone, cryptalgal laminated, mudcracks
in upper part - 1.2 52.4

17 Dolostane, current and ?cryptalgal laminated, cross-
’ laminated at top, chert.laminae 0.6 51.2

16 Covered. Expoéure is patchy along the gravel road to
the southern \quarry. Thickness estimate is based on

estimated 15° \flip and paced distance ~40.0 50.6 ;
15 Mudstone and gra;\nstone, burrowed, ocolitic lens with
thin cryptalgal' laminated cap = -1.5 10.6
14 Dolostone, burrowe\iq, lower contact gradational ' 1.4 9.1
13 Doiostone, cryptalgél laminated 0.8 2.7

12 Dolostone, finely crs(stalline, ferroan, current and
\ ?cryptalgal laminat“ad, wmudcracks 0.4 6.8

\ : :
11\.\' Mudstone, cryptalgal 1\ inated, intraclastic, dolostone
; pods with deformed margins, grades laterally to do10-

stone 1.8 6.5
. |
10 ‘Grainstone and doloatonﬁ, thinly interbedded, cryptalgal
| laminated in part, sca\ttered small SH stromatolites, .
\ intraclastic at top : : 0.6 4.7
i Lo '
9 Dolostone, cryptalgal laq‘inAteg ] 0.2 4.1

8 Gra\lnstone. thinly bedded and current lawinated, cross-
laminated in places, scattered mudstone beds, ocolitic 0.7 3.9
\

7 Dolostone, cryptalgal la-:li?,ated' . 0.2 3.2

6 Hudstdg\ne and 3r‘i:nstone, bur rowed 0.4 3.0

5 Grainlépne, thinly bedded, \(:roal-lninated, intraclastic

r bed, {olostone seams, vary finely peloidal beds " 0.8 2.6

4 Grainatghg, very finely pcldic{al bedn: b;ll‘!‘W‘d 0.2 1.8

3. Grninstor\e. croa-f-lninated, o#li.tto : 0.6 1.6 }

2  Dolostone, cryptalgal laminated . 0.2 1.2 i

1° Mudstone a?d grainstone, burfoyed , : 1.0 1.0 ]
| ' . . !

[ .
(1) Conadonts collected. from this- b TAcodup deltatus Lindgcrbm,
Drepanodus? gracilis (Branson & Meh ), D. parallelus Bransom & Méehl s.f.,
D. toomeyi Ethington & Clark s.f «» Dre stodus sp., Oepikodus communis
(Ethington & €lark) and oepikodifora, oistodiform, and gothodiform elements,
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"Scolopodus cornutiformis’ Branson & Mehl, Scolopodus n.sp., and Ulrichodina
8p.; the fauna suggests late Canadian age (G.. S. Nowlan, writ.ten comm.
1979, report no. 01-GSN-1979).
- M »
/
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\\ APPENDIX D
\

p\{(t AU CHOIX'
N

s

The section was measureﬁ along the western coast of Port au
Choix Peninsula, beginning at Barbg;e Point and continuing to Port au

Choix bay. The rocks at Barbace Poynt are epigenetically dolomitized,
and beds below are faulted. \
. - A

T \
Unit s Description \\ Thickness (m)

Unit Total
\

St. George Group \‘\\

Catoche Formation °

Uppermost beds are covered by water.\ Beds on the south
side of the bay may be Table Head + The 'St. George-
Table Head contact figured by Cumm (1968, his fig.5)
is interpreted here as a diagenetic dontact between
limestone and epigenetic dolostone within the Table Head.

Mudstone ahd ﬁackeatone, burréwed, fosgil ferous, nearly
dolostone at top = 8.8

Wackestone, burrowed, several grainstone—bedq\. fossili-
ferous N 2.4

Mudatone and wacj:estone, burrowed, mostly dolo-\i(ized ‘1.2

Covered - ’ ) 1.5

Wackestone ana mudstone, burre ved, scattered grainstone
beds, six thin interbeds’ of nodular grainstone and
dolostone .

Grainstone and""‘aolostone, thinly interbeddéd and nodu-
lar

Wackestene and mudstone, burrowed, common grainstone
interbeds

Grainstone and dolostone, thinly interbedded, nodular

Boundstone, thrombolitic, coalesced into banks flanked
by grainstone : »

Wackestone and mudstone, burrowed, cosmon grainstone
interbeds

Mudstone, burrowed

Grainstone and wudstone, thinly interbedded and nodu~
lar .

Mudstoné, burrowed




78

77

76

15

14

73

72

71

70

69
68
67

66

65

64

63

62

61
60

59
58

57
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Wackestone and mudstone, burrowed, scattered grainstone
beds

Crainstone and dolostone, thinly interbedded and nodular

Wackestone and mudstone, burrowed, scattered grainstone
beds, bed of small thrombolite mounds

Covered ‘

Boundstone, thrombolitic, banks up to 3 m wide, grain-
stone halos, changes laterally to burrowed wackestone

Wackestone and mudstone, burrowed, scattered grainstone
channels

Grainstone and dolostone, thinly interbedded and nodular

Boundstone, thrombolitic, banks up to 2 m wide, grain-
stone halos, changes laterally to burrowed wackestone
»

Graingtone and dolostone, thinly interbedded and nodular,
grainstone channel, cross-lamination .

Wackeatone and rmudatone, burrowed
Grainstone and dolostone, thinly interbedded and. nodular

Wackestone and mudstone, burrowed

Boundstone, thrombolitic, banks with grainstone chanhels :

between, changqg laterally to burrowed wackestone

Wackestone and mudstone, common grainstone channels with
croas-lamination

VWackestone and -udatohe, burrowed, scattered grainstone’
beds .

Boundstone, thrombolitic, mounds up to 1 --dia-eter,
capping beds are nodular grainstone and dolostone

Wackestone and mudstone, burrowed, scattered grainstone
lenses

Crainstone and dolostone, thinly interbedded and nodular

Wackestone and griinstone, burrowed, small thrombolite
mounds at top . -

Grainstone and dolostone, thinly interbedded and nodular

Hackestonc, burrowed

Graingtone and dolostone, thinlyrinterbedded aﬁd nodplar

1.5

0.4

3.6

1.0

0.6

1.0

0.8

0.4

1.4

2.8

1.0

2.2

2.8

1.2

1.8

0.5
0.1
0.6

0.2

89.5

88.0

87.6

84.0

83.0

82.4

81.4

80.6

79.2
78.8

77.4

77.2

75.4

73.4

71.2

68.4"

67.2

65.4

65.2
64.7
64.6

64 .0

i
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L3

Wackeatone, burrowed, fossiliferous grainstone bed with
small thrombolite mounds

Wackestone and grainstone, burrowed
Grainstone and dolostone, thinly interbedded and nodular

Wackestone and mudstone, burrowed, scattered grainstone
layers and lenses, cross-lamination \

Grainatone and dolostone, thiéy interbedded and nodular

Wackestone and mudstone, burrowed, scattered grainstone
beds, cross-lamination -~

Hudstone, moderately burroved, scattered gnstropodl

Wackestone and lludstone burrowed, scattered gra:lntone
beds

Wackestone and mudstone, burroued, acattéred grainstone
beds and lenses, very fossiliferous at top (possibly
‘near thronbolige -ounds?) N .

Grainstone and dolostone, thinly interbedded, lenticular,
and nodular

Grainstone and dolostone, thinly interbedded, lcnticulnr,
scour and fill atructurel, bioclastic

Mudstone and wackestone, burrowed, several grainstone
beds, thickness is estima due to faulting, unit s
coyrelated to north side of Barbace Cove .where equiva-
Jent beds have a minimum thickness of 7 m as the upper
 Yede are erodcd. throw of fault ‘unknown

Wackestone, burrowed, frequznt grainstone bodo, small
thrombolite mounds at top, changes laterally to ferroan
epigenettc dolostone -lon; fractures ,

. Grainstone, intraclastic, herringbonc croaa—luinated
bioclastic -

Grainstons and wackestone, burrowed

Crainstone and packstone, intraclastic, imbricated,
herringbone cross-laminated

‘Dolostone, grainstom. and mudstone, thinly interbedded,
acour and f£111 structures, ocattered burrows

Grainstone, :l.ntraclnlt:ic. imbricated, herringbone cross-
laminated 0.4

Section continued on north side of Barbace Cove. There,
units 39 to 43 changes to interbedded grainstone, wacke-
stone, and mudstone; the grainstone ‘sequence reappears
further north along the sea cliff




38

37

36
kL)

34
33

32

31

29

28

27
26
‘25

24

23

22

121

20

18

17

. Mudstoune, grainstone, and dolostone, ferroan, thinly
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Boundstone, thrombolitic, coalesced into bank, changes
laterally to epigenetic dolostone

Wackestone, burrowed

Isthmus Bay Formation

Boundatone,_enall thrombglite mounds

Mudstone and dolostone, cryptalgal laminated, mudcracks,
scattered intraclastic grainstone laminae

Mudstone, grainstone, and dolostone, thinly interbedded,
lenticular, intraclastic in part '

'Dolostonq, finely brysfalline, cryptalgal laminated;
" mudcracked, bioclastic grainstone bed at top

Mudstone and dolostone, thinly interbedded, scour and ,
f11l structures, mudcracks at top

Mudstone, burrowed, scattered grainstone beds
Grainstone, mudstone, and dolostone, thinly inteibedded,
lenticular, scour and fill structures, scattered bio-

turbation, intraclastic and bioclastic

Mudstone, wackestone, and grainstone, thinly interbedded,
* lenticular, burrowed, intraclastic.and bioclastic

Grainstone, cross-laminated, intraclastic, bioclastic

’
/
/

interbedded, lenticular

Grainstone, herringbone cfon.-l.ninnted. intraclastic
and bioclastic i .

Mudstone, grainstone, and dolostone, thinly interbedded,
fenticular ,

Grainstone, croos-lliinltoq. 1ntr9c1-atic and bioclastic

Mudstone and dolostone,’ thinly interbedded, scour and
f111l structures .

Dolostone, cryptalgal laminated )

‘Mudstone and grainstone, burrowed, grades laterally to

epigenetic dolostone

Dolostone, finely crystalline, cryptalgal laminated,
mudcracked . ’

Dolostone, thrombolite mounds 1 m diameter
Dolostone, burrowed

Dolostone, thrombolite mounds, éirculat to elongate,
pseudobrecciated in places ) ' .

‘0.6

1.0

1.6

1.4

0.6

0.4

1.4

1.8

0.2
0.4
0.2

0.4

0.2

0.4

0.6
0.8

0.4

0.4

-0.8,

1.5

33.5
32.9°

11.9
31.7

30.1

28.7

28.1
27.7
26.3

25.1

23.3
23.1
22.7

22.5

22.2

[
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16  Dolostone, thinly bedded, lenticular, scour and .f111 a‘truc-
tures, scattered bioturbation _ ) 3.0
15 Dolostone, burroved . ,‘ 1.0
14 Dolostone, thinly bedded, lenticular, scour llld £111
structures . © 0.6
13  Dolostone, thrombolite -ound': l.- diameter . 0.8
12  Dolostone, thinly bedded, ],entict'slar‘. scour and fill
structures, scattered bioturbstion 1.8
11 ;!overed ' - : _ . 1.0
10 Dolostone, cryptalgal laminated o 032
9 Dolostome, thinly bedded, lenticular, scattered burrows 0.4
8 Dolostone, dolomitized lrains:toao. fossiliferous T. 0.6
7  Covered : ' 0.5
6 Dolostone, burrowed . 0.6
5 Dolostone, thinly bccldd, luticulu‘. scour and fill
structures - 1.0
4  Dolostone, burl:a-.d ' . ‘6.5
3" Doloatone, thinly bedded, barroved ' - - 2.0
2 Dolostone, thinly beddod Scour and f1l11 -tructuru. '
fossiliferous ) - - 2.0
1  Doloatgne, thrombolite mounds 0.2 m dismeter - 1.0

17.0-

14.0

13.0

12.4

1.6
9.8
8.8
8.6
8.2
7.6

7.1

6.5
5.5
5.0

3.0
1.0

">
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APPENDIX E
R

EDDIES COVE WEST -

The section begins in nearly fiat-lying beds at Flsh'Poiqt,
4 km northeast of Eddies Cove West, wvhere beds are badly faulted and
epigenetically dolomitized. Strata continue upwards along .the coast
southwestward for a hérizpntal distance of 16 ‘'km toward Port au Choix.

v ‘ Thickness (m)

Unit Unit Total

Description

Table Head Group h <

Typical dark-coloured Table Head limestones, burrowed
wackestone, mudstone, dolomitic, continues to
the top of the cliff for an unmeasured thickness

Mudstone and grainstone, thinly 1nterbedded! cryptal-
gal laminated in parf, peloidal . /

Dolostone, finely crystalline, massive 0.6
Mudstone to wackestone, mottled, nodular : 1.2

Mudstone to wackestone, laminoid fenestral fabric in
part, ostracode valves : . 0.4

Huﬁstone to wackestone, nodular, stylolitic, 6attac¢‘)de
alves '

0.6

Contact sharp with no downcutting visisble along
several tens of metres of outcrop.

St. George Group

Aguathuna Formation

Dolostone, finelygcrystalline, ferroan, massive with
laminated parts_ ’ 6.0

Catoche Formation
~

Dolostone, epigenetic, burrowed, scattered dolomitized
grainstone beds and lenses, scattered horizons of
poorly preserved thrombolite mounds ~30.0

'Covered in bay : s - R ] 8.0

Wackestone and mudstone, burrowed, frequent grain-
stone beds, channels and es, gscattered small
thrombolite mound horizonM¥Perades laterally to
epigenetic dolostone
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Grainstone, mudstone, and dolostone, thinly interbedded - >
and nodular . 1.0 . 122‘,(

Wackestone and mudstone, burrowed, frequent grainstone
" beds and.lenses, scattered horizons of small thrombho- ..
lite mounds o ‘ 9.7 121.3

Cover ' : . ' 0.4 111.6

Wackestone and mudstone, burrdwed, frequent grain-
stone beds and lenses, horizons of small thrombo-
lite mounds, some coalescing into small banks

Wackestone and mudstone, burrowed., grainstone beds,
lenses, small YWhrombolites, chert nodules | -
. P .

Boundstone, thrombolitic, banks uptol by 3 m

Wackestone, mudstone, and grainstone, interbedded,
burrowed

Grainstone and dolostone; thinly interbeddedy
nodular '

Boundstone, .thrombolitic, coalesced to banks 2 m
diameter : :

Mudstone, waékestone, and grainstone,l thinly bedded
in upper half, bur;owed

Covered

Boundstone, thrombolitic, coalesced to banks up to
5 m wide and 50 m long

Wackestone, burrowed, many linear grainstone channels

-

Wackestone apd mudstone, burrowed

Grainstone and dolostone,. thinly interbedded
nodular

Wackestone and mudstone, burrowed, scattered 'grain—
stone lenses

Wackes I:c;ne, mudstone, graingtone, and dolostone ,
thinly 1nterbedded,‘ nodular, bioclastic, cross-
lamination

Mudstone and wackestone, burrowed
Covered

L
Mudstone and wackes tone, burrowed
?r
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119  Grainstone, mudstone, and dolostone, thigly interbedded
and nodular, intraclastic grainstone’ channels 0.8 85.2

)1'8 Grainstone, mudstone, ar{d wackestone, burrowed, cross- .
: lamination, top with herringhone cross-lamination 2.0 84.8

117 'Gvainsfone » wackestone, and mudstone, burrowed, cross-

e e e ——————— - =

laminated channels ] 1.6 82.8
116 Grainst?ne and dolostone, thinly interbedded, le;-nti—

cular, herringbone cross-lamination 0.8 81.2
115 Mudstone and wackestone, burrowed ’ 1.6 80.8

114 Grainstone and wackestone, interbedded, lensoidal,
cross—~lamihated, burrowed, intraclastic . 1.0 79.2

- 113 Mudstone, wackestone, and grainatoné, interbedded,

R lensoidal, nodular, burrowed in part 1.4 78.2
. 112 Boundstone, thrombolitic, up to 1 m diameter, grain- :
stone halo ) 0.4 76.8
111  Mudstone, burrowed ’ - 1.0 . 76.4
110 . Wackestone, packstone, and grainstone, thinly inter- .
bedded, cross-laminated 2.0 75.4
" 109 Covered ' 0.5 73.4
. @ . .
108 Wackestone, burrowed ' 1.0 72.9
107 Covered ' 0.5 71.9
- 106 Boundstone, thrombolitic, up to 1.2 m in diameter, 1
coalescing to form a bank 50 m across, grading off
» the flank to burrowed wackestone 1.6 71.4
105 Grainstone and mudstone, thinly 1ntérbedded; burrowed 0.6 69.8 '
104 Mudstone, burrowved, scattered molluscs i 0.2 69.4
Isthmus Bay Formation . _ : T
103 Mudstone, cryptalgal laminated T 0.2 69.2
102 Grainstone, cross-lamingted and parallel laminated, - )
bioclastic and intraclastic 0.6 69.0
* . 4
101 Mudstone, cryptalgal laminated, petroliferous 0.6 68.4
: 100 Grainstome, intraclastic 0.1 67.8
99 Mudstone and wackestone, thinly interbedded, burrowed 0.3 67.7
- s
<
. 1
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Wackestone and grainstone, burroued, small thrombolite
mounds, graded bedding - . 0.1

Héckestb/pe, mudstone, and dolostone, thinly 'interbedded,
burrowed, intraclastic, bioclastic 0.4

Dolostone, cf);‘{atalgal laminated, mudcracked E © 0.6

Mudstone, grainstone, and wackestone, thinly inter-
bedded, ripnled beds, exhumed scoured surfaces 1.8

Grainstone, mudstone, and dolostone, thinly interbedded,
lentigcular,scour and fill structures, scattered '
bioturbation increasing upwards

Grainstone, packstone, cross-laminated, bioclastic

Dolostone and mudstone, thinly interbedded, lenticular,
scour and f111 structures _ 0.3

\

Grainstone, cross—lamiﬁated. intraclastic, bioclastic 0.4

Dolostone, grainstone, and mudstone, thinly interbedded
scour and f111 structures, mudcracks near top, ripples 0.5

Mudstone, cryptalgal 1am1nated lenses &f 1htrac'1aatic
grainstone . 0.4

Dolostone, cryptalgal laminated, mudcracked, intra-
clastic, chert nodules

.Covered

Boundstone, large 2.5 m diameter and, 0.8 m thick
LLH compound stromatolites, overlain by 1.4 m thick
aberrant columnar stromatolite boxwork overlain by
thrombolites, oolitic, chert nodules 2.2
Mudstone and grainstone, thinly 1nterbedded burrovs,
partly dolomitized . 0.7

Dolostone, thinly bedded, lenticular bedding, scour
and fill structures, scattered SH stromatolites at
top :

.Mudstone, wackestone, and grainstone, burrowed

Boundstone, thrombolitic, 1 m diameter mounds, many
coalesced

Boundstone, colurmar and SH stromatolites, separated by
thinly interbedded grainstone and dolostone, cross-
laminated ’

Dolostone and mudstone, thinly interbedded, lenticular
bedding, scour and fill structures, scattered gastro-
pods, vertical burrows




Dolostone and mudstone,- thinly interbedded, lenticular
bedding, scour and fill structures, scattered gastro- . .
pods, Lingula, vertical burrows _ 50.2

Mudstone and wackestone, thinly bedded, burrowed , . 48.8 -
, : ’ . r
Dolostone and grainstone, thinly interbedded, lenticular ‘
bedding, croas-laminated, acour and £ill sttuctures.\
channelling, vertical burrows, dolomitized “anhydrite
rosettes N
Wackestone and grainstone, burrowed in part, cross-
lamination, intraclastic, bioclastie

Boundstoné, columnar sgtromatolite mounds 0.2 m dia-
meter, between mounds is thinly bedded grainstone,
mudstone, and dolostone, scour and f111l structuresc

Mudstone and dolostone4 thinly bédded, lenticular,
scour and fill structures, ripples, scattel;edzbio-
turbation

Dolostone, burrowed, scattered gastropods

Mudstone and dolostone, thinly interbedded, leaticular,
scour and fill structures, scattered bjoturbation

. +

Grainstone, mudstone, and dolostone, thinly interbedded,
lenticular bedding in places, scour and fill structures,
scattered bioturbation, oolitic - : 1.0 44,5

Dolostone and mudstone, thinly interbedded, lenticular,
scour and fill sturcutres, scattered lenses and beds
of burrows, megaquartz vugs - - 0.5
Mudstone and grainstone, thinly interbedded, lenticular,
graded, cross-laminated, scour and fill structures,
bioclastic, scattered bioturbation 1.0

Covered in sandy beach 1.0

Wackestone, grainstone,. and mudstone, thinly interbedded,
scattered cross-lamination, scattered. bioturbation 0.5

Dolostone and mudstone, thinly interbedded, lenticular
beddang, scour and fill structures, scattered burrowed
beds and lenses . 0.5

Grainstone and mudstone, thinly interbedded? ripples 0.2

Mudstone, burrowed 0.2

Mudstone and grainstone, thinly interbedded, hardground,
scattered bioturbation . 0.2
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’ )
’ . 62 Mudstone, wackestone, and dolostone, thinly and lenticu- K
R ’ ]\ar bedded, scour and £i11 structures; intraclascic 0.2 39.4 -.
.7 61 MudStone and-grainstone, thinly bedded, scattered hio- = - ERASTS
Z...r- . - turbation, ‘pasgesq laterally under wharf’at Eddies . b
Cove West yillage to epigenetic dolostone . S 1.0 39.2
. - ] 7 . oL
60  Mudstone, wac}esionj;' grainstone,ipd dolostone, ihinly '
¢ Interbedded, burrowed beds - : ' 2.0 38.2
59 Boundstope, thrombolitic, up to 0.3 m diameter mounds,
between is thinly interbedded grainstone and dolo- .
stone > 0.4 36.2
. " 58 Mudstone and dollost:one, thinly interbedded, scattered
vertical burrows, scattered small thrombolite mounds 0.6 35.8°
57 Boundstone, thrambolitic, 0.2 n in diameter 0.6 35.2
; . ) T
56. Mudstone, thinly bedded, burrowed 0.4 34.6
. ?
55 Mudstone, thinly, wavy and lenticular bedded . . 0.5 . 34.2
¥ - .
54 Mudstone and dolostone, thinly, wavy and lenticular
bedded ) , ‘0.5 33.7
' 53  Boundstone, thrombolitic with Lichenaria, up to 1 m -
JAin diameter, coalesced - . 0.8 33.2
. 32  Dolostone, thirly bedded, current lawmination 0.8 32‘
51 Boundstone, thrombolitiec, dolomitized grainstone ‘ .
between mounds 0.4 '31.6
r} )

50 Boundstone, thrombolitic, 0.2 m diameter, stromatolitic
cap forming LLH - . 0.4 31.2

49 Mudstone and wackestoné, thinly bedded, burrowed, .
scattered small thrombolite mounds ' 0.6 30.8

48 Boundstone, thrombolitic, 1 m diameter, thinly bedded
dolostone between mounds, scour and fill structures,
scattered burrows, dolomite-fluorite-filled vugs and

- fractures . S . : 036 30.2 ., {

47 Grainstoﬂe. thinly bedded . 0.2 29.6 !

46 Mudstone and dolostone, thinfy, lenticular bedded, - -
scour and fill structuras, gcattered vertical burrows 2.2 29.4

45 Hackesto;lb, grainstone, and mudstone, thinly interbedded, ' 1
bioclastic, scattered bioturbation 0.3 27.2

44 Wackes tone, burrowed, fossiliferous » Scattered small
thromboli te mounds - 0.3 26.9

~ .

N \ - | | 1

- ¢




42

41

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

43

3

: ™~ ’ 2‘0‘0»"‘

Hudstone and doldstone, thinly and 1en:1cular bedded,
scattéred burrows

Doloatone; thinly bedded ‘lenticular bedding, current
lamination, scour and fill structures, dolomite-
fluorite vugs * h

»

.Boundstone, columnar stromatolite mounds hp tolmin
diameter, coalescing, capped by simple SH stromato-
lites, flanking grainstone, bioclastie

Grainétone, mudstoné; and uackeaﬁone thinly interbedded
vertical burrows in grainstone beds . 0 6

.

. Dolostone; cryptalgal laminated, inctraclastic 0.2

" Dolostone, thinly bedded, scour and fill structures 0.4

Grainstorie and wackestone, thinly 1nterbedded, vertical
burrowy, fossiliferqus with molluscs: _ 0.8

Dolostone, cryptalgalilaminated, upper 0.4 m brecciated 1.8

Mudstone and dolostone, thinly interbedded, 1ent1¢u1ar,
scour and fill structures,; scattered vertical burrows 0.4

Grainstone, wackestone, and mudstone, thinly interbedded,

_crogs-lamination, ripples, vertical burrows, gastro-
pods

Gtaiﬁstone; wackestone,. and mudstone, thinly inﬁerbedded,
scattered 5 cm diameter SH stromatolites, chert

Covered

Grainstone and wackestone, thinly 1hCerbedded, burrowed,
intraclastic, vertical burrows in grainstone

Boundstone, thrombolitic, coalescing to a bank

0
-Dolostone, cryptalgal laminated, intraclastic - “<L4

Boundstone, low-relief SH stromatolites, 1 m by several
m in diameter, between mounds dblostone, thinly bedded
with scour and fill structures 0.2

Dolostone and mudstone, thinly interbedded, scour and
f111 structures 0.4

Dolostone and mudstone, thinly interbedded, burtowed 0.2

Dolastone, thinly, lenticular bedded, scour and f{ll
structures, scattered sufll SH stromatolites 0.3

Dolostone, cryptalgal iaminated, intraclastic

24.0
23.4

23.2

22.8 .

22.0

'20.2




.

‘ Dolestone, “thinly bedded, scour and f111 structure

‘ Bé&qefggf, fhinly bedded, burrowedr\

Mudstone, burrowed, scattered gastropods, silicifi-
cation of some burrows

Dolostone, cryptalgal laminated, intraclastic near
top, possible current lamination

Mudstone . and dolostone, thinly bedded, scour and
f111 structure

Mudstone and dolostone, thinly bedded, burrowed, mcat-
tered gastropods

Dolostone, thinly bedded, current laninated, scattered
burrows, possible cryptalgal lamination

Boundstone, thrombolitic, 0.3 m diamter, -coalesced to
small banks, between mounds is-dolostone with scour
and fillAstructurgs

Hecﬁestone, thinly bedded, burrowed, grainstone bed at
top ‘

Dolostone;, thinly bedded, scour and f111 structurd,

angular fntraclasts at base

Grainstone, oolitic, ﬂolomitized in lower part, top is
silicified ripples

Mudstone, scattered grainstone beds, burrowed

Wackestone, grainstone, and packestone, thinly fnter-
bedded

.

Covered

Boundstone, thrombolitic, mounds up to 1 m diameter,
between 1s bioclastic grainstone and dolostone,
grades laterally to epigenetic dolostone and
pseudobreccia, chert nodules .

Dolostone, epigenetic, burrowed

Wackestone and packstone,'thinly¢bedded, burfowed,'
lensoidal grainstone beds, cross-laminated, top ie.
partly dolomitic and nodular ’

Grainstone, wackestone, and mudstone, thinly inter-
Bedded, ctoss—laminagion, scattered burrows

Hﬁﬁstone and wackestone, thinly bedded, burrowed
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4 Grain;tone, mudstone, and wackestone, thinly inter-

) , bed&ed, cross—-lamination, intraclastic, scattered .
' o gastropods, burrows * 3.6 3.7

- 3 Mudstone, yackestoué; and grainstone, thinly inté;—
; bedded and nodular, patches of cryptalgal laminite
/ changing upwards to small SH stromatolites . 1.0 1.7

2 Boupdstone, LLH stromatolites of low relief, up to )
- : ' 2 m diameter : ‘ ’ 0.2 0.7

; : 1, 'Mudstone and dolostone, thinly Interbedded, scour and
! ’ fill structures, patches cryptalgal laminite
changing upwards to small stromatolites, passes -
. laterally to epigenetic dolostone N 0.5 0.5

>

-

* Fluid inclusions in fluorite analyzed by N. Riggine (pers. comm.,
1979) are free from particles (inclusions froze at -69°C), implying
slow-movikig precipitating solution. Salinity average 1is 17 wtl
NaCl, but few NaCl crystals present at rodm temperature suggest
appreciable concentration of other dissolved species. Minimm esti-

J mate to keep fluid from boiling indicates very shallow depths of

emplacement, a minimum of 20 to 30 m. . Temperature range of fluorite
formation 120° - 160°, '

sl
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e
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APPENDIX F = )

BOAT HARBOUR/
T AN

‘The section was measured beginning o the northeast side of
Lower Cove, 8 km southwest of Boat Harbour. Strata continue north-

eastward along the gea cliff, broken by Watts Bight and Ope Bay covered -

areas and small fyults southwest of Boat Harbour on Boat Head. The
section continues along the coast, with several faulted and cgvered
intervals, to a point 4 km northeast of Boat Harbour at the garbage

durnp. . L Ape

Unit ¢ Description

St. George Group .

" Catoche Formation

———— Coarsely crystalline epigenetic dolostone continues

upward for an unknown thickness until it {s faulted
out -

153 Wackestone and mudstone, burrowed, scattered grain- .,
stone lenses with cross-lamination, chert nodules 4.0

lsthmus Bay Formation

152 Dolostone, cryptalgal laminated . 0.4

151 Grainstone, thinly bedded, bioclastic, scattered
. horizoqatal burrows, mudcracks, dolomitic partings 4.0

150  Grainstone and wackestorie, burrowed 2.0

149  Grainstone and wackestone, interbedded, some bio-
turbation 1.0

148  Grainstone, cross-laminated, scattered SH. stromato-
lites ’ . 0.2

147 - Wackest&ne, burrowed, common grainstone lenges " 0.6

146 Grainstone, cross-laminated, intraclastic, bioclastic,

ooljtic 0.2
145  Wackestone and grainstone, burrowed . 0.6

~ 144 Dolostone, cryptalgal laminated, changes laterally .
to SH stromatolites over 100 m 0.2

143  Mudstone and dolostone, thinly interbedded, burrowed 0.4

142 Wackestone, burrowed, grainatone bed at top . 0.3

Thickness (m)
Unit Total

167.%

163.5

163.1

159.1-

157.1

156.1

155.9

155.3

155.1

154.5
154.3

153.9

B D U TN




141

140

139

138

137
136
135
134
133
’
132

131

© 130

129

128

127

126

125

124

123

122

121

120

248

R o .
Boundstone, thrombolitic, small mounds ‘ 0.3

ﬁackeatone burrowed . : 0.6

!

Grainstone and dolostone, cryptalgal laminated, intra-
clastic, mudcracked, thanges 1iterally over 100 = to
. burrowed 1ntetbedded wackestone and dolostone 0.2

Grainstone, burrowed, fossiliferous, thrombolite

mounds up to 0.2 m diameter . . ) 0.2

- Boundstone, thrombolitic, mounds 1 m diameter 1.2
Wackestone, burrowed N ' 0.4
Grainsgone, croes—laminated' : 0.2

" Wackestone, burrowed . ) ' 0.5
Grainstone, cross-laminated s\ 0.2
Hackestone, gurrowed ’ . 0.5

Grainstone, scattered small SH stromatolites at base,

. Intraclastic at top . 0.2
¢

Mudstone, burrowed ) 0.5
Mudstone and dolostoéé, cryptalgal laminated, intra- «

clastic beds ' 0.2
Wackestone, burrowed 0.2
Grainstone, cross-laminated, bioclastic 0.2
Wackestone and grainstone, burrowed 0.2
Doleostone, coarsely crystalline, dolomitized gtainstone

at base and burrow-mottled in upper 0.2
Dolostone, ferroan, lower part mottled, chert pebble

lag in middle, top of bed 18 hummocky with rounded

pits and highs . " 0.8
Wackeatone and grainstome, burrowed, epigenetic dolo-

stone circular-pods 0.2 to 2 m in diameter 5.6
Wackestone and grainstone, burrowed, one corrosion

surface 0.6
Mudstone and dolostone, cryptalgal laminated, scattered

intraclasts 0.4
Covered A ' - 2.0

153.6

153.3

152.7

152.5
152.3
151.1
150.7
150.5
150.0

149.8

149.3

149.1

148.6
148.4
148.2

148.0

147.8

147.6

1476

141.2

140.6

140.2

e
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. Mudstone and dolostone, cryptalgal laminated

» - .
Boundstone, thrombolitic, small mounds

'Boundstone, LLH stromatolites 0.3 m diameter

Boundstone, thrombolitic, igolated mounds

Grainstone. cross-laminated, oelitic, cherty, dhanges
laterally to LLH stromatolites

Boundstone, LLH stromatolites

Mudstone and dolestone, thinly interbedded, scour and .
f11l structures, base stylolitized into unit 112 along
lineation which changes to a fault .

>

» 'Y . R *
~ Wackestone and dolostone, thinly interbedded, burrowed

Mudstone, wavy cryptalgal laminated, domirng to low-
relief LLH stromatolites, top of unit stylolitized
into unit 112 along linmeation which becomes a fault

Mudstone” and dolostone, thinly interbedded, lenticular,
scour and fill structures, bed of low-relief LLH
stromatolites

Boundstone, thrombolitic, fsolated mounds

Wackestorie, burrowed

Fault striking N s0° E, normal with NW beds upthrown
about 1 to 1.5 m, pseudobreccia developed along ‘the
lineation ’ .

Boundstone, thrombolitic, large moundg, up to 3 m in
diameter, coalescing to banks :

Mudstone and dolbstone. thinly interbedded, scour and
f11l structures, small patch of short columnar .
stromatolites at top )

Mudstone, wackestone, and graingtone, interbedded,
burrowed

Boundstone, thrombolite mounds 0.5 m across, flanked
by wackestone, burrewed

Mudstone and dolostonme, thinly 1;terbgdded. scour and
f111 structures, bioturbation in upper part

N

Wackestone, burrowed

Covered
*




‘ .

Hackéo;-qn., burrowed : - 1.0
Covered ‘ ’ ) o - 2.0,
Bodndstone, ‘thrombolitic, flanked by wackestone, burrowed,

' grades laterally -to epigenetic dofogtone and ‘pseudo- ;
breccia ' ~ . ‘ 0.8

4

e g S s
. .

Dolostone, cryptalgal laminated, doainig at top to

low-relief LLH sti'o-atolit7b 1.0

-

Grainstone and wackestone™ 1nterbedde;i, burrowed beds,

grades laterally to epigenetic dolostone and pseudo-
breccia . ;

Covered, possibdle fault)‘
e

Dolostone, epigenetic and pseudobreccia, stroma®olitic,
faulted '

Covered

Wackestone, burrowed, grades laterally to epigenetic
dolostone and pseuodobreccia - )

Covered

Grainstone, wackestone, and mudstone, thinly interbedded,
lenticular, burrows

Covered . > N

-

' -
Boundstone, LLH stromatolites, 0.2 m dcross, chert -
nodules at top

'Graihatone, wackestone, and nudst&ne. thinly interbedded,
scour and fill structures in lower part, burrowed beds

Boundstone, thrombolitic, mounds 1.5 m in diameter,
coalescing into banks, flanked by grainstone and wacke—
stone, thinly interbedded

L

Mudstone and ,doléatone, thinly interbedd;d, Qcour and
f111 structurtes - :

Grainstone, vacl:enslone, and mudstone, thinly Interbedded,
common burrows - - . .

_Boundatone,_ thrombolitic, mounds 1 &’in diameter, in
_places coslescing to banks, flanked by wackestone, mud-
stone, and graingtone, thy(l_y interbedded = " _

Wackestone, nu:latone,.thinly interbedded, horizontal .
burrows
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Boundstone, thrombwvlitic, mounds 1 m in diameter, coales-~
cing into banks,. flanked by mudstone and dolostone,
phinly incerbedded

GCrainstone and wackestone, thinly interbedded, hori-
zontal burrows

.

Mudstone and dolostone, crytpalgal laminated

Boundstone, SH stromatolites, chert noddles around
tops of mounds -

Grainstone and packstone, thinly 4interbedded,
thrombelite mounds, 0.5 m in diameter and thickness

Grainstone and wackestone, thinly interbedded, burrows
Covered
Hackestdne, burrowed

Covered
N

Mudstone and dolostone, cryptalgal laminated, large
desiccation polygons .
v’

Dolostone » burrowed

Dolostone, epigenetic, pseudobreccia, burrowed, gastro-
pods preserved '

Mudstone and dolostone, thinly interbedded, scour and
fill structures, mudcracks

Dolostone, epigenetic, pseudobreccia

Dolostone, thinly be,dded, scour and f1il1l structures,
scattered bioturbation .

Dolostone, epigenettc, chert nodules at top

Covered in Boat Harbour. Thickness not exposed estimated
by Knight (1977b) as 25'm -

Dolostone, - thinly bedded, scour and £i11 Structures
Dolostone, burrowed \

Dolostone, brecciated, brecciated chert fragngnta,
caused by fault striking approximately N 60 F, same
fault as seen at unit &4

Dolostene , burroved, small thrmbolgte mounds
Dolostone, cryptalizal laminated, doming to LLH atro-
‘watolites




59

58

53

52 .

51

»

Dolostone, burrowed .
Dolostone, burrowed, scattered thrombolite mounds, .
0.1 m across, coalescing into short rows

Dolostone, dolomitized intraclastic grainstone

Dolostone, burrowed, probable thrombolite mounds
1

Covered 7

Dolostone, burrowed, scattered thrombolite mounds,
possible Renalcis heads

Dolostone, cross-laminated

Dolostone, thrombolite mounds, possible Renalcis heads,
small SH stromatolites, burrowed matrix

Dolostone, cross-laminated

50 # Bounds tone, thrombolite mounds, probable Renalcis

49

48

47

46

heads forming wounds, fosgiliferous, dolomitized
grainstone halos around mdunds

Dolostone, intraclastic, cryptalgal laminated
Dolostone, burrowed, scattered thrombolite mounds

Dolostone, burrowed, scattered thrombolite mounds
1 m thick and across, dolomitized grainstfga chanriels
Dolostone, burrowed, layer of blocky angular intraclasts
from in sfitu brecciation of underlying bed

loWostone, omission surface of blocky angular intraclasts
~¥rom underlying unit

44

Dolostone, burrowed, Pase faulted; striking N 63° E

Unit 43 continues northeastward to Ope Bay as a gently
dipping pavement at the top of the .sea cliff with little
appreciable gain in thickness, Section is resaumed at
Boat Head; probably strata are removed by faulting in

Ope Bay
'

Dolostone, byrrowed, scattered thrombolite mounds
Dolostone, burrowed

Dolostone, wavy cryptalgal laminated, domit';g to lav-\
‘ellef LLH stromatolites . '

Dolostone, burrowed

H




RV

39

38
37

36
35
34

33
32
31
30
29

28

27

26
25

24

23

22

21

20

19

18
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Dolostone, wavy cryptalgal laminated, doming to low-
relief LLH stromatolites, chert nodules \

Dolostone, burrowed
Dolostong, thinly bedded, scour and fill structures

Dolostone, burrowed, pseudobreccia vugs with anternal
dolostone sediment

Dolostone, thinly bedded, cryptalgal lamination,
scour and fill structures !

Dolostone, thinly bedded, ocolitic, chert beds and
nodules

Dolostone, burrowed
Dolostone, thinly bedded, scour and fill structures
Dolostone, burrowed

Dolostone, thinly bedded, scour and fill structures
*
Dolostone, burrowad

Dolostone, thinly bedded, scour and fill structures,
scattered bioturbation, cherty bed

Dolostone, cryptalgal laminated

Dolostone, cryptalgal laminated, intraclastic, low-
relief LLH stromatolites, intraclastic, ocolitic

Dolostone, thinly bedded, scour and fill structures,
scattered bioturbation

.

Covered

Dolostone, thrombholite mounds, 0.4 m thick, capped by
SH stromatolites

Dolostone, thinly bedded, scour and fill' structures,
current laminated, scattered bioturbation, white
sparry dolomite vugs containing largé quartz crystals

.

Dolostone, cxzyp talgal laminated

Covered

'Dolostone, scattered thrombolite mounds, chert nodules

Dolostone, possible omission surface of angular
fragments derived from unit 17

0.2

. 1.6

0.8

1.0

0.2

0.2

2.4

0.5

0.6

0.5
0.6

1.6

0.4

0.2

1.2

3.0

2.5

0.8
1.0

0.7

0.1

35.3
35.1

33.5
32.7
31.7

31.5
21.3
26.9
26.4
25.8 "~

25.3

24.7

23.1
22.7

22.5

21.3
19.3
16.8
15.5

14.7

13.7

13.0




17

254

Dolostone, scattered thrombolite mounds 0.7 m thick
and 0.3 m wide

lﬁolostme, cryptalgal laminated, intraclasts, badly

15

14

13

12

11

10

4

3

2

1

preserved gastropods
Dolostone, scattered thrombolite mounds

Dolostone, possible omission surface of angular
fragments derived from ‘unit 13

Dolostone, thinly bedded, scour and fill structures
Dolostone, cryptalgal laminated, mudcracks
Covered : Q

Dolostone, tall aberrant vertically laminated
columnar ‘stromatolites, with unlaminated cores

Dolostone, thinly bedded, intraclastic

Covered

Dolostone, cryptalgal laminated, colitic and cherty
at top

Dolostone, thinly bedded, scour and fill structures

Dolostone, Intraclastic

Dolostone, burrowed, thinly bedded
N

Dolostone, cryptalgal laminated
Dolostone, intraclastic

Dolostone, burroved, thinly bedded

R b L g — — ok 3 7 b o o - i

0.6
0.6

5.0

1.2

1.0

0.2
0.4
0.2

0.4

0.2

0.5

10.9
10.7
10.1

9.5

4.5
3.3

3.1

2.1
1.9
1.5
1.3
0.9
0.7

0.5

v e
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