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Knowledge of its whereabouts
Accounts for time unknown.
Recovered by the elements, the

Surfaces there are shown,
_\'I,‘o dissolve away the doubts.
* *  * * % *

Carbonates and gypsum

0f a Carboniferous age,

Depict a climate that was hot;

Removed far from the Port au Port's present lot.

Onward time went, and, with a drifting coatinent,

Yarns of suntanned weather, are now cold Winter's lament.

Two Acrostics - GRD
(in the spirit of Lewis Carroll)




ABSTRACT

¢ .
Upper Mississippian sediments of the Codroy Group on the

Port au Port Peninsula, western Newfoundland, are remnants of & once
extensive cover that mantled a karsted palaeoridge of Cambro-Ordovician

strata. Today, the sediment's are patchily preserved within karst

depressions, and adjacent 1ow—/1y1ng basins. .The present topog;aphy of

the peninsula is, in part, an exhumed Early Mississippian kagst land-

scape featuring a variéty of karren, karst valleys and caves. The
Mississippian relic karst has been locally rejuvenated,

Codroy strata constitute three coeval lithofacies: (1)
maxine c‘—arbonafes, mainly bioherms, and interbedded fluvial sandstones,

. .

(2) marine evaporites, primarily gypsum/anhydrite, with minor laminated
limestone and fluvial clastics, and (3} alluvial-fan conglomerates and
braided-stream sandstones. Prograding fluvial and alluvial sediments
subsequently buried the ma.rine basins.

Fa;xna and sedimentology indicate that the marine sediments
~ were deposited in a schizohaline environment adjacent to a ue}l—érained
landmass. Preserved miospores and plant debris in the limestones,
clastics, and gypsum indicate that planté, though not abundant, grew-on
the slopes of the ridge. - Late Mississippian éeas along &«he northern and
westei‘n margins of the Port au Port ridge supported a prolific community
of bracﬁ’iopods, bi‘yozoans, blue-green algae, molluscs,‘ and osttago“des.

Cephalopods, . foraminifers, and conodonts are low both i specles and

individuals, whereas true corals, and crinoids/ethinoids are absent.




Fauna traditionally used to differentiate between Upper and Lower

Codroy “strata are found to occur together within the marine carbonates,

]

but, in two distinct facies. This indicates that the marine macrafduna,
( o ' ‘ ! s .
and probably microfauna, are facies-controlled prohibiting their u\se in g

detailed biostratigraphic zonation.

. '
Marine, carbonates infilling palaeoi_z.ﬁrst valleys may \‘ \

vconstitute elther bryoz‘oan/élgal biolithites plastered against e;he !yalley .
walls and/or carbonate t.nou‘nds of a i'similar lithology, witH.asso;igtéd
intermound se'dimen.t., The buildups were ltthified éarly as evident by

the abundant‘synsedir'nentary cement (interpreted to have been magnesium
calcite ;nd aragonite).

T'he complex‘ diagenetic his.t:ory of the marine carbonates
recordé progression from ‘& marine environmeﬁt with synsedimetttar&
cementation to a phreatic zone within which ocgur?‘ed fracturing,

. stylplitizat‘ion, dissolution and cemént precipitation.v Mineralizétion
by sulp“l'nides and'sulphatés spans the ph'reatip diagenetic history.
Late stage phreatic cement is ﬁervaéive in all 'otger se;d‘im;nts of the

‘ : . N .
carbonate lithofacies as well as throughout the carbonate and clastic

sediments of the other lithofacies.
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CHAPTER T

INTRODUCTION

1.1, General Overview

In western Newfoundiand, Lower Carboniferous sediments are
preserved as areally extensive cover rock, in the Deer.Lake—White Bay
and southwest Newfoundland regions, and as small isolated outcrops
infilling depressions cut into the underlying Cambro-Ordovician strata
on the Port au Port Peninsula. Since Alexander Murray first visited
western Newfoundland in the 1870's, the detailed study of Carboniferous
stratigraphy and sedimentology has been confined mainly to strata in

0

the two large basins. In both of these regions, cover and/or faulting

may complicate the vertical and lateral correlation of stratigraphy.

Interest in the Upper Mississippilan strata on the Port au
Port Peninsula has largely been confined to (1) the economic potential
of sulphide and sulphate mineralization in limestones and sandstones,
and (2) the excellent preservation of fossils in the limestones. From
the present study, the recognition, within the well exposed Upper
Mississipplan strata on the peninéula, of bryozoan/algal biocherms,
facies-controlled fauna, and the coeval deposition of near-shore marine, °*
évaporitic and terrigenous environments, gives an indication of the
complex interrelationships in the stratigraphy and sedimentology that
wag not recognized by earlier workers. .

This study documents the hiétory of the Upper Mississippian

strata in terms of their depositional setting, stratigraphy, sedimentology,

palaeontology and diaéenesis.




1.2. Location and Access

The area of study includes the Port au Port Peninsula, and

a small region east, in the vicinity of Stephenville and Kippens (Fig. 1

—- 1n pocket). Topographic maps, 1:50,000 scale, used for field locations, '

include NTS Map Sheets 12 B/6 (east half), 12B/7 (east half), 125/10 (west
half) and 12B/11.

There is easy access to the peninsula via Stephenville
airport, and roads leading into the region from the Trans-Canada Highway,
On the peninsula, paved and gravel roads, and w}alking short distances

make most outcrops very accessible.

1.3. Geographical and Topographical Consideraticns

Most of the coastline on the peninsula and in the region to
the east, is cliffed and often indented by numerous coves and bays. Rock
exposure along this coastiine is excellent though in part inaccessible.
Inland, the heavy overgrowth conceals much of the outcrop and makes
access by walking difficult.

The peninsula is topographica.ll,y divided 1nto two' regions.
The dividir{g line is represented by a NE-SW trending fault which bounds
the western side of two valleys; a northeast-facing valley in the
Picc.adilly area, and a southwest~facing valley on>the south shore near
Ship Cove (Fig. 1). The western half of the peninsula 1s characterized
by several plateaus, high elevations, and an approiimate radial gtream
pattern in which many valleys are dry. The eastern part of the penin;ula

is domirated by a low, east-west trending ridge cut by several north-
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and south-faclng valleys, somt; with streams. Valleys tend to have steep
to vertical walls, are U—shéped, and taper inland with 1increasing
elevation. -

East of the peninsula, in the Stephenviile-Kippena area,
large deposits of Pleistocene- glacial outwash cover most of the region,
‘obscuring the Palaeozoic strata. The thick sequence of glacial sedime_f,nté
probably accounts for the lack of a definitive stream pattern, apart

from a general southerly flow direction. On the peninsula itself only

thin to locally thick Pleistocene glacial sediments are preserved.

1.4, Previous Work

The first detailed account of Carboniferous strata on the
Port au Port Peninsula was given by Alexander Murray in 1876 (Murray
and Howley, 1881). He recognized a series of north-south trending faults, -

cutting Carboniferous limestones in several coves on the northeastern

shore of the peninsula, and considered the rocks to be 'let down amongst

strata of (Ordovician)' (p 331). Caverns and hollows wi‘thin the
Ordovician strata, encrusted with Carboniferous limestones, were thought
to have formed during Carboniferous time by wave actlon undercutting
the Ordoviciaﬁ cliffs.,

Hineraliiation, primarily galena, was noted at Lead Cove,
where a previous evaluation of the mininbg potential had béen conducted.
Murray (op. cit.) reported that this evaluation had indicated that the

mining of the lead was not @zonomically feasible. Other mineralization

"noted in the area was a thin coal seam at Blanche Brook, and gypsum at
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Romaines Brook, both within Carboniferous sediments.
| In their study of the stratigraphy of western Newfoundland,
Schuchert and Dunbar (1934) also accounted for the preservation of
Hississippién sediment on the peninsula by assuming the presence of
grabens developed within Ordovician strata.

Hayes and Johnson (1938) collected fauna from very fossili-
ferous Mississippian limestones, called the Codroy Group by Hayes and
Johﬁgon (14375, in the reglon east and west of Aguathuna Quarry (Fig. i).
These were correlated with similar fossils from the Windsor Group in
Nova Sco;ia and the assemblage was thought to represent a mixture of
Upper and Lower Windsor fossils. The Windsor.G}oup had previously been
correlated, with.Upper Mississippian (Vis€an) strata in Britain (Bell,
1929), and was divided into five fa;hal subzones: the Lower Wiﬁdsor,

subzones A and B; the Upper Windsor, subzones C, D, and E. Hayes and

-
Johnson (1938) also considered the Codroy to be depogited in graben
\

structures in the Ordovician strata.

Sullivan (1940) briefly described Codroy strata in the
Aguathuna region and in Big Cove, on the wes;‘;hore of the peninsula,
and listed part of the fauna collected from both reglons. As with the
previous authors, he thought the coves represented grabens filled with
strata of Mississippian age. |

Bell (1948) briefly resampled an outcrop of Codroy sediment
in Aguathuna Quarry that Hayes and Johnson (193%9) had reported. This is
an "1island® of Codroy and Ordov&cian strata left standing due to

quarrying operations. He came to the conclusion that the preserved

sediments were equivalent to the Upper Windsor sediments.




Bell was the first to consider the coves on the northeaétern
coast of the peninsula‘as karst in 6}igin. In addition, at Boswarlos,
west of Aguathuna, he recognized strata ok the Codroy Group to be
equivalent to an% slightly younger than the type settion in southwestern
Newfoundland (the Ship Cove Limestone). Bell considered the Boswarlos
strata to represent .the first marine transgresgion in the region, with
the second transgressiSn represeﬁted by the more fogsiliferous Aguathuna-
type limestones. This stratigraphy was used by Weller et al. (1948) ‘
for the Port au Port region in their compilatioﬁ of Mississippian
formations of North America. The Boswarlos beds, however, were placed

stratigraphically.above a unit of red-beds. Though red-beds occur on the

south side of the peninsula, no mention of this unit was made by Weller

et al. (op. cit.) or their source of information listed as Hayes and

Johnson (1938).
k Baird (1951) mentioned the éresence of large gypsum outcrops
at Romaines ﬂ}ook and in the subsurface south of Boswarlos. He considered
the deposits to represent the filling of small basins which dberlapped onto
the Ordovician basement.

Johnson (1954) described various sulphate occurrences in
Gillam's Creek, and Runan Brook, both west of Aguathuna Quarry.

Riley (1962), in a summary of the stratigraphy of the
Stephenville map area, no;eJ thét red-matrix congiomerates occur along
the south shore of the peningula, north of Cape St. George, and at Red
Island wes£ of the peninsula. These may be the red-beds mentioned by
Weller et al. (1948). Riley (op. cit.) considered these deposits to be

Late Codroy in age. Miospores taken from the coal seam, in Blanche
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Brook, that Murray mentioned (Murray and Howley, 1881) yielded an age

of Middle Pennsylvanian (cited in Riley (op. cit.)).
Beit (1968) referg to the pregence of Barachois sediments
gLower Pennsylvanian) on the Port au Port Peninsula but does not state
. a location. The Barachois slrata overlie the Codroy Gfoup in south=
western Newfoundland. Apparently, these beds yielded miospores indicating
a Barachois affinity (cited in Belt (1968) as: Barss - written comm. ,
1966); This conclusion is not substantiaféd by the results of the
present study.
Fong (1972) described well preserved remains of a crustacean, -

- .

Bellocaris newfoundlandensis Fong, recovered from the sediments in Aguathuna

1.

"Island”. Bell (1948) had mentioned the occurtenceVofbcrustaceanf in
the basal Codroy st}ata at Boswarlos.
Besaw (1974), in a study of liéeptone evaluation on the

' peninsula, mapped the many Upper Hissﬁfsiﬁpian localities. It 1s on the
basis of his map that fhe writer was able to locate the Upper Mississippian
outcrops. i

. Von Bitter and éé;bel (in press) sampled conodonts from the-
Uppe; Misgissipplan sedlments In the northeastern part of the peninsula.
Conodonts were recovered primarily from the Aguathuna Quarry "Island",
the basal Codroy member at Boswarlos, and Romaines Brook (where it occurs
as well). They consider all the outcrops to be bf equivalent age, and,
that based on sampling of the Ship Cove Limestone, the Port ai Port
outcrops are equivalent to Bell's subzone A. They also suggest, however,

that the range of the diagnostic conodonts used for the correlation

may extend throughout subzone B.




The most recent éeological map fdr the Port gu Port Peninsula
is by Williams (Geological Survey of Canada, Open File No. 726, 1981).

Private companies have looked at the Upper Mississippian
strat; with interest toward the mineralization. The reader is directed

to NTS Geoscan (1379) for a complete bibliography.

1.5. General Geology

To place Upper Mississippian strata of the Port au Port

Peninsula into proper tectono-stratigraphic perspective, a brief review

of the geology of western Newfoundland foliows.

S

1.5.1. Pre-Carboniferous Strata

1
Newfoundland represents the northeasterly extension of the

App;laéhian Orogen ekposed in North America. Williams (1964) recognized
three geological provinces by thgh to subdivide the 1sland: the Western
"Platform, the Central Mobile Belt, and the Avalon Platform. This tri-
partite division acknowledged a generél geological symmetry of two ‘
platforms separated by a central Qolcanic region.'

With the concept of plate tectonics, as proposed by Wilson
(1966) and Bird and Dewey (1970}, the symmeﬁrical zonation in New-
"foundland fitted well with the idea of two plates éblliding with oceanic
material caught in beétween. Williams (1979) subsequently divided the
island into four zones based on general tectono-stratigraphic similarities:

from west to east, the Humber, Dunnage, Gander, and Avalon Zones.

Therefore, two discrete continental plates, the Humber and Avalon Zones,




“,‘ with'the Gander Zone acting as a continental slope-rise sedimentafy
ﬁbrism related to the Avalon (Kennedy, 1976),'are separated by the
annage 20;9, the vestiges of the ancient oéean, lapetus.
The Port au Port Peninsula is tﬁe most westerly part of the

Humber ;one in Newfoundland. Geologically, it contains part of the-
clastic-carbonate sedimpentary prism that developed on the stable

cratonic platform of protg-North America., The sedimentary units ghaﬁ

® * -

characterize this are the Kippens Formation, March Point Formation and

Petit Jardin Formation, all of Cambrian age, overlain by the St. George

Group, Early Ordovician in age (Fig. 1), Evidence for deepening‘and

destruction of the, stable pletform dué:to plate collision is reflected,
in part, by the changinp carbonate lithology within the Table Head Group
(klappa et al., 1980), which'is Middle Ordovician in age. On the
peninsula, the Table Head G}oup a;pears to unconformably overlie the

St. George Qroup.

In western Newfoundland,.the_Taconic Orogeny is reﬁ%esented
by westward—direéted flysch, obducted ophiolites, and related gransported
sediments that were deposited and emplaced onto the Cambro-Ordovician
strata (Hilliéms, 1975). On the peninsula, only a seduence of trans-
ported sediﬁents, and mafic volcanics, of the Humber Arm Supergroup
reflect this obduction (Fig. 1).

Thé transported ;trata are overlain by the‘LonglPoint Group,
Middle Oraovician in age, with an interpreted unconformable contact

; .

(Rodgers, 1965). The Long Point lithology, which includes reefal

carbonateg, indficates the return of stable gshallow water conditions.
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Overlying the Long Peoint CGroup aré marine to non-marine sediments of
the Clam Bank Formation, Silurian to Devonian in age.
Duringlthe Acadian Orogeny (Late Devoniaé), the peninsula
was uplifted and faulted. A karst topography, exhibiting a variety
of landforms. was developed on the carbonate strata of the St. George
and Table Head Groups prior to deposition of Upper‘Mississippian sediments.
5 more exéensive and detailed discussion of this karét is

given in Chapter 2.

1.5.2 Carboniferous of Southwestern Newfoundland

(1) Introduction
Other sediments of Mississippian and Pennsylvanian age

(Fig. 2) are located in the Deer Lake-White Bay district (Hyde, 1979),

"in southwestern Newfoundland (e.g., Hayes and Johnson, 1938; Bell, 1948;

Baird and Cate, 1964; Fong, 1976; and Knight, 1976), small isolated fegions
in soughgast Newfoundiand (Strong, 1978), offshore, along the
south, west, and northeast coasts of the island, and along the southeast
coast of Labrador {cited, in Hyde, 1979; and Barss, et al., 1978).
Upper Mississippiaﬁ strata on the Port au Port Peninsula are equivalent
in age, and similar In stratigraphy to part of the Carboniferous sequence
along the southeast coast of St. George's Ba} (southwest Newfoundland).

To place thé Uppgr Mississippian sediments of the peninsula

in proper perspective with regard to sedimentation in the southwestern

Newfoundland Carboniferous basin, a brief summary is given of the

lithostratigraphy, and interpreted environments to the south.
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({1) General Background

The lithostratigraphic subdivisions of the Mississippian
and Pennsylvanian sediments are shown in Figure 3, along'with the
stratigraphic interpretation of the Port au Port Upper Mississippian
strata by Weller et al. (1948). Any estimate of thicknes;s of the
Codroy Group in southwesterz Newfoundldnd 1s con:uplicaied by abundant
folding and faulting throughout ?he gsection (Bell,‘ 1948; and Baird and

. 4
Cote, 1964).

Faults that 1nit%ate, and are -coeval with, sedimentation
prohibit the developmenE of well preserved marker horizons (Hayes and
Johnson, 1958; Baird and Coté, 1964), and a well developed faunal
assemblage (Bell, 1948), making ecorrect: correlation estimates across:

)
fault zones very tenuous.

In southwest Newfoundland, the Codroy Group represents
deposition of marfne to non-marine sediments within a shallow basin that

‘ ’

was fault bounded on the southeast by highlands (Belt, 1968), It

appears that this same basin extended 'we]’.e.into Nova Scotia and’New

Brunswick (Hacquebard, 1972). g 4
(111) Codroy Group . ' .

The initial sediments of the Codroy Gréup, the Ship Cove
Limestbne, record a marine transgression over‘alluvial braided stream
sediments of thé Lower Mississippian Anguille Gryoup (Bell, 19{08). 'i‘he
Ship Cove limestone is well-laminated, pelleted, and'in certain facies,

S |
very arenaceous. Overlying the limestone are. the Codroy Beds; a thick

succession of well-bedded to laminated gypsiferous siltstones to
4
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/
mudstones, several distinct gypsuuf zones, and rare but distinctive

limestone units within the upper éart. The Ship Cove Limestone, the
Codroy Beds, and the distinctive /’!limestone units comprise the Lower
Codroy. ,
Overlying the Lower Codroy are sandstones and siltstones of .
the Woody Cove beds. Rare and thin argillaceous limeétones with both '
marine and freshwater fauna occur in this unit as well (Baird and Cota,
1964). Overlying the Woody Cove are thé Woody Point strata which are |
also sandstones and siltstones, with pebble lenses and well developed
créss-bedding becoming importan't in the sandstones eastward jowards

the faultbound highlands.. Thin and very argillaceous limestone bedsﬁ

may also occur in this unit, contalining freshwater to brackish water

fauna (Bell, 1948),

(iv) Searston Beds

* . . These sediments are composed of very distinctive nicaceous
éreen -siltvstones to sandstones, with pebble conglomerate lenses
assoclated with abundagg" trough cross-beds., This unit was considered
to be p.art. gt thg Ced)m)’r Croup and the over‘ying Barachois Groub by
Bell (1943). Knight (1976) sdggested that the unit is either younéer
or equivalent with the Upper Codroy. Tﬁ:e diffiic'ulty in correlation
i8 due to %aults which bound both the Upper Codroy.units-, and the
Sea‘u:ston Beds., Plant and tree debris within the‘.unit. as wellvas

miospore data, indicate a, very Late Mississippfan (or Namd‘::ian) to

Early Pennsylvanian age (Bell, 1948;v Utting, 1964).

a4
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(v) Barachois Group

The Barachois Group consists of fine to coarse—gr&ained
brownish feldspathic sa‘ndstones often with ripples, trough cross-
bedding, and abundant conglomeratic lenses. (Hayes and Johnson, 1938).
Several coal seams and abundant plant fossils are found in the unit,

The age of these strata 1is Middle Pennsylvanian.

(vi) Tectonic-Environment Analyses
- v

During the Late His_sisaippian (Viséan), a shallow sea
transgressed the Codroy Basin depositing the Ship Cove Limestome, With
fluctuations in sea level, gypsum and limestone (e.g. Black Point
Limestone) were deposited with siltstones indicating the continuation
of a very shallow sea. Uplift in the southeast highlands resulted in
terrestrial and fluvial sediments being shed w.estwa,rd and northwestward
into the basin (Woody Cove and Hoody Point). With continual uplift,l

marine conditions completely disappeared and fluvial conditions_ prevailed”

during . the time of the Searstdn Beds and the Barachols Group.

)

1.6, Summary \\\ )

av
Certain elements of the southwest Newfoundland Carboniferous
stratigraphy, tectonics, and environment are similar with the Upper
Mississippian sediments on the Port au Port Peninsula. These similarities

include the Ship Cove Limestone, laminated gypsum, bryozoan bioherms,

fluvial clastics, alluvial red-beds, and similar times of red-bed

.

progradation. : ,
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Two important c‘i’ifferences, however, ocz:ur between the two
regions. First, Port au Port sediments are generally well exposed and .
preserved, with important stratigraphic cont‘acts preserved. This {s
. o)
primarily the result of little post-Hi’ssissippian faulting complicating
or aestroying the original stratigraphic assemblage. Second, a well
preserved karst topography, of Lower Hississipp:lanA age, 115 developed

on the Ordovician carbonates. This karst, with its valleys and other

depressions, played a major role in controlling the style, distribution,

‘and preservation of Upper Mississippian sediments,




CHAPTER 2

LOWER MISSISSIPPIAN KARST ON THE CAMBRO-ORDOVICIAN CARBONATES

2.1. Introduction

Karst topography 1s well developed on déforme& Middle to
Lo‘?er Ordovician ca‘i;bonates \‘\rhzléh underlie most of the Port au Port
Peninsula. On a large scale this topography is manifested by valleys

" and gullies. There 18 considerable variation in the width and depth
 of these depfegsions, from broad and shallow to narrow and deeply
inéiéed, with the interdépression 'platgaus' exhibiting an undulating
micrqtopography of incised funrbws, sﬁallow basins, and microplateaus,
which mimic the large scale features,

’KarstAlfandforms are best preserved and exposed along the
coastline, and inland within two kilometres of the.‘sl'rore. With increasing
élevation, the vaileys and gulliedAeither disappear or become too shallow
to recognizé. . The microt_opbgraphy, however, may.still be ‘present inland.
There are threé regions on the peninsula which exhibit a ‘good exposed
karst landscépg (Fi'g. 4);

(1) the highlands from Cape St, George north to Big Cove;

(2) 1isolated locations along the south coast, notably
between Sheaves Cove and Flods Cove;

(3) the coastline, and parts inland, in the northeast région
.of the peninsula between Boswarlos and The Gravels.

Two other minor localities also d‘isplay gsome karst features; (a) Dory

Cove, and (b) South Head (Fig. 4). ' ..

P
[
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FIGURE 4: Distribution of karst on the Port au Port Peninsula.
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Karst terrains have been exhaustively classified (see .
Quinlan, 1972; Sweeting, £?73; gnd Bogli, 1980). Terminology used
in this present study 1s a mixture of the classificat{onsused by these
authors, Several types of karst (including bare, subsoil and mantled
Ikarst) and assoclated solution features can be recognized on the
peninsula, and are described below in general terms, to provide a
framework in ;hich to place the Late Mississipplan sedimentation. .
Historically, the origin of the large deeply incised valleys
and coves in the northeastern part of the peninsula were first considered
to be related to graben developmeﬁt (Murray and Howley, 1881; Schuchert
and Dunpa}, 1934; Hayes and Johnson,-1938; Sullivan, 1940). Bell (1948)
and Johnson (1954), however, attributed the origin of the coves to
karstification. Upper Mississippian sediments clearly overlie the
karst valleys and a few of the smaller solution features. Though
faults do cut Mississippian beds, the céntact between Ordovician and
Mississippian strata is clearly depositional. Along the south cbast \
of the peninsula, depressions, herein 1nterpreted as karst depressions,
.developed on the St. George Group carbonates and later infilled with
fed-;;trix conglomerates, were réported by Riley (1962) and Besaw
(1974), bescriptions, or mention, of small scale karst solution
features‘do not appear in the literaturé.' Karst featurés along the

south and north coasts cut across the attitude of the Ordovician

i . strata, The uplift which has resulted in the northward dip of strata

o : , occurred during the Acadian Orogeny.
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2,2, Parameters for Karst DeQelopment

'Karst may, be defined as an aggregate of
characteristic landforms and subsurface
features produced primarily as a result
of solutional removal of (bedrock)’

(Quinlan, 1972; pg. 157)

Sediment solution, precipitation, transport and deposition
usually accompaﬁy the karstification process. Karstification refers to /
the concomittance of any of the above processes during which the topo-
graphy approaches that of a karst terrain. Thé degree’of karst develop-
ment in any region is dependent upon g#i parameters: (1) lithology,.

(2) permeabili;y; (3) physiography, (4) hydraulic gradient, (5) climate,
and (6) time. The hydraulic regime, fundamental for karst development

1s in turn determined and modified by the above factors. In turn, with
time, the karst waters will modify the region;s,physiography.

No studies of the ﬁresent day groundwater hydraulic regime
or surface runoff were undertaken in this study. If ﬁodern karstification
is affecting the Ordoviclan carbonates, it is observed only as a surface
runoff phenomenon restricted to furrows and small shallow basins, éome

of which may possess soil cover, The furrows may be as deep as cne ﬁetre,

" and it is uncertain whether the present runoff could produce thése

furrows. The regognition of simila; features overlain by Upper Missiasi-
ppian sediments suggests that-the cover had been eroded and the karst
rejuvenated (see Age of Karst). In terms of an analyses of pargpeters
affecting pre-modern karst development, only the host rock lithology and

permeability can be discussed with confidence.

3




Most karst landscapes are developed in limestqne and
dolomite, though gypsum karsg i; very common (Sweeting, 1973), The
texture aﬁd composition of the host carbonate is reflected 1in the
response cf/fﬁ;‘;trata to karstification. Relatively pure massive,
thickl; bedded carbonates are most susceptable to maximum development
of karst, called holokarst (Sweeting! 1973), 1In areas underlain by
massive impermeable carbonates, karst waters are channelled into jéints
and along faults within the ‘rock, These structures become zones of

permeabiiity and may be widened by solution of the host rock, or infilled

by precipitation of calcium carbonate from the karst.waters. This type

of karstification is well displayed by the Table Pcint Formation on the

‘peninsula.” Joints, and vértical to horizontal surfaces, exhibit surface
solution teftures.

In rock strata of alternating lithologies and permeabilities,
preferential solution of the more permeable béds will allow intrastratal
movement of the karst waters whereas the impermeable beds will only allow
water to pass ;long Joints or faults. With time, subsidence and collapse
of strata will occur along the zones of karstification. This type of
karstification 1s interpreted to have occurred in the St. Cebtge Croup
which {s composed of interbedded dolomites, massive limestones, and
dolomitic and limey shales, 'Surface features as formed on the Table
Point limestone are rare and usually oniy occur on a massive limestone
meﬁber of the St. Ceorge Group. The pre-existing northward dip of the

Ordovician carbonates may enhance the percolation of karst waters along

the bedding planes making strata, such as the St., George Group carbonates,




more susceptable to cave formation, With respect to the Table Point

limestone, karst surface features are enhanced doundip,

2.3, Types of Karst on the Peninsula . -

Karst may be classified on the basis of two criteria:
. (1) lithologic and stratigraphic relationships between the karst surface
and overlying sediment (e.g. Bare karst, Subsoil karst, and Mantled karst),

and (2) .the present dynamics of the karst aystem (Modern and Relic karst).

2.3.1. Stratigraphic Criteria

¢ ’

Three varieties of karst can be observed in various locat‘ions
on the Por; au Port Peninsula.

(i) Bare Karst - karsted strata which possess no cover are
cansidered as bare karst. Examples of this can be found east and sputh-
eagt of Big Cove well above sea level, and sgouth of Gillamg Cove,
Aguathuna Quarry and Mistakeﬁ Cove. (Fig. 35, in pocket).

(i1) Subsoil Xarst - Karst with a cb\;ering of Holocene soilv
is called subsoil karst. Examples may be found just south of Mistaken
Cove and Bellman's Cove, in area:.s south of Cillamg Cove and Aguathuna

.- 'Quarry (Fig.‘ 35), and in isolated regions southeast of Big €Cove (Fig. 1).
’ (111) Mantled Karst - This term refers to a karst ’lahdscape i,
that is covered by a relatively thin cover of post-kaflst #trata. On
the northeastern and southern shores of the Port au Port Peninsula,
post-karst strata of Late Hissiésippian age; equivalent to the Lower

Codroy, may be as much as 18 metres tﬁick, infi11ling and overlying

-~
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karst depressions; At Cape ét. George, approximately 100 metres of
conglomerate infills an interpreted karét depression. This is the

largest karst feature on the peninsula. The base of many of the larger
depressions 15 not exposed as modern beach deposits covey the contact.

-

Examples that show good'karst contacts with the Uppef'~

,Mississippian sedimentg are: (a) along the northeastern shore: Lead o .
Cove, Mistaken Cove, Bellman's Cove, Aguathuna "Island®, Gillam's Cove,
and the shoreline west of Gi;lam's Cove (Fig, 35); (b) along the south

coast: southeast of Fellx Cove, southwest of Ship Cove, and southeast

of Sheaves Cove (Fig. 1),

2,3.2, Dynamic Criteria

[

»

Modern k;:::\Tb\a surface which 1s undergoing active karstifi-
cati¢on whether the surface 1s bare, covered by soil; or mantled by ‘
permeable rock strata. Relic’ karst refers.to a surfapg on which
karstification was active before the Holocene. This relic surface 1is
often gsdergoing modern karstification (tejuvenateﬁ relic karst).” The
classic karst in Jugoslavia 1s of this nature, being initiafed in the
Middle Tgrt{ary iQuinlan, 19;2). Relic karst not updeféoing active

* karstification may also be called palaeokarst. -
| On the peningula, an example of modern karst is found at
the contact 6f the modern soil with the Upper Mississippian sediments
(e.g. Lead Cove), Water percolating through the soil 1is causing

o disgolution in the underlying strata. The dissolution decreases

markedly with depth and is confined primarily to the soil-strata

( interface. Any modern karst associated with the solution features on




the Ordovician carbonates is considered to be primarily a rejuvenated

karst surface (see Age of Karst).

'l2.4. Karst Landforms

A variety of solution and precipitation features are present
within any karst terrain. Solutlon features exhibit standard character-

istics that can be categorized qualitatively,so that easy- comparison

- .
e

can be made with karst regions of different ggography aﬁd age., A .
comprehensive review of karst landform54is givep by Sweeting (1973).

On the peninsull, solution features vary from circular
depressfons to furrows; their size ranging from millimétres to tens of
metres. Many features are similar to those described by Sweeting (1973).
Some sglution furrows, or karren, appear to be gradational in size and
morphology between the standard types of)karren. This, however, should
be expected‘in a dynamic karst system where continual solution alters
the initial morphology.

| All.solution furrows on the peninsula display ; similar
overall morphology, despite the obvicus scale differencgs. Furraws
millimetres in depth (rillenkarren) to tens of metres in depth (karst
valleys) are U-shaped in cross-section, have Qteep sided walls, taper
“in width and depth with elevation and bifprcate, or widén, downdip. The

only difference is found associated with the surface textures; that is,

smooth versus rough walls, and sharp versus smooth furrow margin edges.

-

o
. &
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Another similarity between the small and largisg ;

the relationship of the karst surface and the overlying sediment. Both
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rillenkarxen and the karst valleys may be’ partially to coﬁpletely
filled with U—p/per Migsissfppian sedivent. The Interpretation of
thig gradation. from micro- to macroscale features d&splaying similar
n;orphologies‘, ‘as well as good evidence.of karst feat.ure‘s developed

within the valleirs and associated coves, suggest the valleys are of
karst origin, and in some cases modified by later faulting. A summary
of karst solution and precip‘ltation features along with their location

is givén in Figure 5. ‘ -

2.4.1, Features of Karst Solution

(1) Karren - Grooves, furrows and small gullies are known
as karren (Sweet;ng, 1973).‘ These features cut across and down through
the surface of limestone, A variety of well developed-karren are
displayed in.two regions on tﬁe Port au Port Peninsula: . (a).on the
northe'ast coast: south of Gillam's Cove, Aguathuna Quarry and Mistaken

-
Cove, and (b) on the west coast: east and southezst of Blg Cove between

80 and 250 metres (approximately 250 and 850 feet) above sea level.

(1)‘ Rillenkarren -- Two d(ifferent styles of rillenkarren
are developed on the Table Point limestdne. To tlhe west of Gillam's
Cove, rillenkarren with rounded crests is well preserved on a seaward
dipping bedding plane./ A thin veneer of green arenaceous limestone of
thg Codroy Group partially covers the upper portions of the karren
(Fig. €). Another type of rillenkarrép is assoclated with "the edges

of solution basins or kluftkarren (see below) glving a fretted appearance

to the host feature. The crests may be sharp or rounded, Examples

of this type are rare but may be found in both regions of karren
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FICURE 5: Ka-rstl features and localities on the peninsula.
LOCALITIES ON THE PEHINSULA
KARST TYPES S
” .. Southwest South Hortheast REMARKS
Rillenkarren X - mantled and baré
Rinnenkarren . X X x = in the massive limestones of the
% ’ : ' . St. George and Table Head Groups
i Rundkarren X " - mantled -
Kluftkarren and
flackkarren : X - x ,
; Karrenrohren . X - mantled with red-brown sand
1 Sclution gullies X
b . Farst valleys X X : ,
b Limestone paverent x x - mant1®d with red-brown sand and o4
y o modern soil, as well as bare v
) Solution basins X X X - subsoi}
4 Surf karren - X X - modern and palaeckarst
‘ Solution surfaces X X X
Caves ‘. X
Open Depressions \\,;/’//’\\\ X X - overlain by red-beds or Timestone
Fissures and vugs X X - infilled by muds and limestone ‘
Speieothem Deposits .
(i) Drusy Calcite X
(ii) Travertine and
" red ruds - x }
(ii11) Moonmilk ) " X - pear South Head, West Bay
(iv) cave deposits X - -

southvest of The Gravels
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developrient, Both styles of rillenkarren exhibit bifurcation downslope.

(1) Rinnenkarren -— Rinnenkarren, or solution grooves,

occur where runoff water accumulates in streams (B‘tbgli, 1980). The
amount of water Increases downslope with the result that the solut.ion
fea\ture becomes wider and deeper. On the peninsula, these features are
partially .coveted by soi1l and/or glacial sedimenté. Génerally, the

grooves attain a maximum depth of a half a metre. Examples of these

. solution grooves are found both along the northeast and west of the -

peninsula (Fip. 7).

(111) Rundkarref —-— As defined by Sweeting (1973), rundkarren

are grooves that may be gseveral metres wide and a metrewin . depth, and

-

form by solution at a soii/rock interface. On the peninsula, one
example of a shallow and narrow rundkarre is overlain by Codroy sediments

- \
(Fig. 8). This is at the dame locality as the rillenkarren and covered

vy
by similar sediments. o
(iv) Kluftkarren and Flackkarren -- Also known as grikes*

aﬁdvclints (Sweeting, 1973), these solution furrows, and interfurrow
'plateaus',_ respectively, are associated with ba;'e limestone pavements
in the Gillam's Cove and Big Cove regions, and with soil/glacial sediment
covered pavements', south of Aguathuna Quarry and Migtaken Cove (Fig. 9)
oy

The kluftkarref dre a maximum of one metre in depth with the
intervening flackkarren one to t'wo metres in width. The furrow troughs
are typically covered with modern soil whereas the flackkarren are
either bare or covered; I‘solated fu1:rows resembling kluftkarren may

occur Iin reglons where no pavement 1is present.

-
B
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FIGURE 6: Rillenkarren 1s partially mantled by Upper Mississippian
sediment (arrows and outlihed), west of Gillam's Cove.
Solution furrows bifurcate . ‘downslope (t@ of
photograph). Hammer for scale.

FIGURE 7: Rinnenkarren increase in width and depth downslope
(bottom of photograph), south of Aguathuna Quargy.
An example of deep kluftkarren 1s present on the right
side. Hammer for scale.

Narrow rundkarren are mantled by Upper Mississippian

sediment; west of Gillam's Cove. Pitted Ordovician

strata (arrow) contrasts with the relatively smooth

Mississippian sediment surface (in outline)

Hammer for scale. ’

FIGURE 9: Kluftkarren and flackkarren, with minor rinnenkarren,
occur on an inclined limestone pavement south of Aguathuna
Quarry. Hammer for scale:

)
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South of Gillam's Cove, karren exhihit rounded troughs and

-

margin edges, often with f.rets of rillenkarren which may, have sharp
crests extending down the smoothed -Furrow \_mlls. East of Big Cove,
kluftkarren have both sharp trough bottc:ms and margin edges, and
roughened gside walls (Fig. 10). Where isolated kluftkatren occur, the

surfaces and marginredges may be of either texture.

. (v) Karrenrohren -- Only one examplé of a karrenrohre,

or solui.:ion pipe, was found. It is associlated with the limestone
pavement south of Gillam's Cove (Fig. 11). The pipe is partially
infilled wvith a reddish-brown coloured coarse s;md that also covers part
of the pavement, 'It is approximately fifteen centimetres in diamete;
with half a metre of depth exvosed. The sides and margin edges are

4 i

smooth and rounded.

(2) Larger Solution Grooves - Incised linear valleys and .

shallow, but wide, gullies occur along the northeastern coastline of
the peninsula. These features, though not strictly related to karren,
possess a simtlar morphology.

(1) Solution Gullies -- Several relarively shallow gullies,

partially cpve_red by soil, occur southwest of Gillam's Cove, soutl; of
the main road, They are approximately five to ten metres wide, and one
to three mettes in depth, at maximum development, and taper in depfh
and width with increased elevation. Each gully appears to céalesce

with others downdip and terminate in a small steepsided embayment on

the shoreline, The cove and-solution gullies,6exhibit vertical and

approximately straight walls with rounded margin edges. Overhangs of
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the Ordovician; limestone are sometimes present. ‘One such overhang was
found epcrusted with limestone of Upper Mis‘sissippian ageh. The base of

' the gullies is usually covered with soil and tre:as. These gullies
Dossés§ a tovographic expression visible on maps (see Fig. 355.

Sweeting (1973) makes refex:ence to solution furrows that-are larger.

than kluftkarren bﬁt too small to be karst valleys (see below). It is
suégested that these solution gullies are either large scale rinnenkarren,
or, have been produced Ain a region where exte‘nsive. development 'of
‘rinnenkarren formed a siggle large channel modified by continuing
solution by karst waters.

({1) Karst Valleys -- 1In the northeastern part of the

. peninsula (Fig. 35), several very prominent north-south, linear, incised

valleys taper in wi-dth and depth (to the south) with elevation, and
terminate alc;ng the coasi:line in U-shaped coves (both in plan view and
crogs—-section), In crosa—.section, the valleys arfe generally flat-
bottomed, U-shaped, w:_Lth very steep to vertical walls. Many of these
valleys and their assoclated coves are partially to completely filled
with Upper ‘Missiasippi'an sediment, that is either flatlying or gently
dipping to the north, Modern streams have cuf through this cover, and
talus deposits of both Upper Misgissippian and Ordovician stracra are
found along the sides of the valléys (Fig. 12).

Evidence of’underc’utting and cave development in the
Ordovician valley walls,;ri-or to Upper Mississippian®sedimentation,
can be seen at the present tide level in Lead Cove, and Bellman's Cove,

and well above the present tide level at Aguathuna "Islana'. A cave

. with no Upper Hissis‘sippian sediments was found in Miner's Brook.

o
* —
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The preserved infilled caves, or hollows, appear to be shallow. No

extensive cave system was encountered associated with the Ordovician

strata. In Aguathuna Quarry, a well exposed undercut of several metres

was reported by Johnaon (1954, Fig. A, pg. 63). This has since been"

removed by quarrying operations..

The steep-walled valleys are very similar to allogenic karst

~valleys described by 'Sweet‘ing (1973). Although the valleys\ on the

peninsula are much narrower than those she describes, they exhibit
similar charact_gristigs: U-shaped cross-section, steep walls and
tapering in width and depth with.inc'reasir;g elevation. 'The large
solution g;sllies desc‘r:[bed .above al;so display these features. ‘The

presence of solution surfaces, at Gillam's Creek (see below), and

~

caves and undercuts along the walls of these valleys help to substantiate

the interpretation of a karst origin,
N

P Rarst vélleys are considered to develop from limestone
solution either at the surf‘aCe‘ovr in the subsurface, along a linear
feature, such as faults or fractures. If the solution occurs in the
subsurface, an underground drainage system develops. Collapse of ‘the
cave system progresses downslope frbm contin'ued solution producing' a
linear dAepression, often Iincised with .respect to the surrounding
topography (Sweeting, 1973). If solution is restricted to the su;féce
th;en erogion of fhe limestone would pfobably proceed in a similar
manner as that in the formation of the gmall scale solution grooves

(e.g. rinnenkarren). In the Port au Port area, this latter mechanism

is Eonsidered to be more important though'both karst’ styles may have

!

-
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coincided along the liheamenta. On the basis of interbedded lithologies
of differing composition, the St._Ceorge.Group carhonates would be hést
to a cave system, and with éontinued sclution the ovérlying Table Point
limestones would become unstable, as the underground systemvbecame
larger, and collapse‘wbulq occur., Continued solution of collépse debris
- by tht subsquent Qalley river would produce the characteristic valley
" morphology preserved today.

In contrast te this, surface solution aléng-the lineaments
jwhich~ﬁay have been- sites of fracturing) would penetrate down into the
St. Ceorge Cr0up'carbonat;s allowing for faster solution and collapse
of the strata, As solution occurs, development ;f overhangs and‘shallow
embayments within the surfounding strata could oécur. In this manner

' o

large scale collapse of .strata is not an important function for valley

formation,

(3) Limestone Pavement - A8 the name suggests, corrosion

over a wide area leads to a planaf limestone surface. Two examples“of
inclined planar pavement occur on the peninsula. Thg first, to the south
. of Gillam'é Cove and Aguathuﬁé Quarry, dips at 20 degrees northwards
towar®s the sea, It is di;sected by kluftkarren and its surface may be
ﬂare. soil/glacial sediment covered, and/or covered by a loosé red-brown
coloured coarse sand (Fig. 9). A non-karsted outcrop of possible Table
Cove Limestone overlying the Table Point-Formaéion, immediately south

of the western parf of Aguathuna Quarry (Fig. 11), indicates that the

pavement has preferentially developed at the Table Cove/Table Point

contact,
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The second area of inclined pavements occurs east of the
northern end of Big Cove at approximately 300 feet above sea level
- (Fig. 17). They are inclined towards the sea as well, bur to the west.
The planar surfaces are bare and dissected by sharp-edged klufctkarren, ,
R ¥
and exhibit a more angular appearance than the pavement in the Aguathuna

region, All pavements are only a few hundr&y square metres in area.

A horizontal limestone pavement occurs immediately south

-

N L]
of Mistaken Cove. This example is well covered by soil and glacial
A

sediments, with only @ small portion visible.

t

(4) Solution Basins - These basins are shallow, less than a

metre in depth, and circular to irregularly polygonal in shape with
diameters rarely exceeding five metres, The edges are often bare and
may be fretted with rillenkarren wﬁile the remaining part of the basin
1s filled with quern soll,

Where several of these basins occur together, the fopographic

.relief ig low and hummocky. Examples of these features are scat ed
) \

throughout all regions of karst development on the peninsulé.

‘

(5) Surf Karren — This i1s a term used by Bé&gli (1980) for

=

karst developed on limestones - and dolomites that border a marine coastline.
The surfaces are usually cockled with small pits giving a rough abrasive
texture to the rocks. The pit edges are usually sharp, yith the pits

rarely greater than two centimetres in diameter. Coalescence of the pits

may form larger pits. On the peninsula, this is very comnon as modern

karst along the shoraline between Gillam's Cove and The Cravels, along

the south coast where a limestone member of the St. George Group (similar

.

y
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in lithology as the Table Point limestones) outcrops (e.g. south of Ship
Cove), and as palaeokarst.in contact with, or immediately adjacent to,
Upper Mississdppian sediments removed from any influence of the modern
ocean, at Aguathuna Island, and in Gillam's Creek approximately 200 metres
south of the shoreline.

Along the northeastern shoreline, the limestone cliffs

.

‘are undercut from zero to approximately two metres above mean tide level.

3

The origin of the undercut is probably related to erosion by the sea.
A wave cut bench (parallel to a bedding plane within the limestone)
usually occurs at the base of the undercutting and is just covered at

high tide,

.

(6) Solution Surfaces - Maﬂy examples of rock strata with
f
vertical or horizontal surfaces exhibiting smooth solution surfaces occur

on the peninsula. Along the south coast two caves (see below) display
smooth and glossy surfaces in contact with.Upper Mississippian strata.

These surfaces are gimilar to wall surfaces Iin active caves as observed

by the writer.

Surfaces associated with the karren developed on the Table

Point limestone do not possess the glossyAfinish, but may be as smooth.

—_—

Roughened karren walls are also common.,

‘(7) Caves - Two caves within the. St. George Cfoup on the

south coast are assoclated with localities of Upper Mississippian breccia
‘ ‘

(Sheaves Cove West, Fig. 20; Ship Gove West, Fig.:19), In both

examplas the extent of the filled cave inland 18 unknown. Both caves

exhibit walls that have a smooth and glossy appearance. The cavesg are




the voids,
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narrow (less than 5 metres in width) and are approximately four metres

in heipght), ’ %

(8) Open Depressions - Two different styles of préserved

open depressions are present on the peninsula and may be considered as:

(1) collapse, and (i1) modified caves and karst vélleys.

(i) Collapsed Caves -- On the east wall of Lead Cove, a

vertical fissure two metres wide, five metres in depth, and approximately

circular Iin plan view,- is filled with unoriented blocks of I?:oderately

roundea‘/’ .angular Table Point limeétone embedded in grey arenaceous |
mii:hﬁodro‘y limestone, The 1a¥ge Ordovician blocks are chaotically
orlented suggesting that at some point, the undercut limestones 'fa-iied

and collapsed, with the laterVUpper Mississippian limestone infilling

(11) Modified sinkholes or caves =—- Along the south and

.

southwest coagt of the peninsula about 15 depressioné varying from _f:Lve
metres to 100 metres in depth cut through the St, George Group carbonates
and are infilled with conglomerate, breccla, and sandstone. The
depressions arﬁe generally circular in plan #iew, or may be similar to

small gullies and valleys. The contact surface betweén the infill and

- host strata may be jagged or smooth. Several of the Iimestone blocks

(St. George Grm._\p carbonates) possess smoothed surfaces characteristic
of solution erosion. The smooth giossf walkﬁrfaces associated with
the cave (described above) may also-be found associated with 'open'

.de.pressions (Fig. 13), . Thus, it appears justified to consider some of

-

the 'open' ‘depressions as original ca-yes that collapsed and were later -

modified by stream erosion.

Lo
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FIGURE 10:

FIGURE 11:

FIGURE 12:

FIGURE 13:
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Inclined limestone pavement, east of Big Cove,
Note the angularity of features in contrast to
FIGURE 9. Hammer for scale.

Karrenrohre. The Ordovician strata is overlain by
a red-brown sand (outlined). This feature of karst
was only found south of Gillam's Cove. Hammer.for
scale.

Karst valley (Gillam's Creek). Note the vertical
scarp of Ordoviglan strata .on the west side of the

‘valley. On the east side, ‘a terrace of Upper Missi- ~ .
ssippian sediment infills part of the valley. Exposed

cl1ff section of Ordovician strata is *approximately

* 30 metres in height.

‘Open' palaeokarst depressiom (Ship Cove West). It
is 1infilled with chaotic Upper Mississippian breccia
(above the dotted 1line). Note the smooth solution
surfaces (arrows) extending underneath the breccia.
Bruce King (approximatel]y 1.7 metres in height) for
scale, :
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The t;.onglomerate. inf:ul in all depressions or eaves does
"not exhibit incr'eased concentration of limestone blocks with depth.
Therefore, if collapse did cccur, erosion had removed any talus prior
to infilling of the depressions, or caves -by terrigenous clastice..

Inland, infilled énd exhumed valleys can be traced seaward
into several §f the depressions along the shorelirie. These valleys
also taper in width and depth inland with -elevation though they tend to
be less incised compared to those on the north shore. The valleys c;n

the south coast may have a similar origin. s

-

(9) Fissures - Solution figsures developed in the Ordovician
strata, and infilled by post-karst sediments, can be recognized on the
peninsul#. They are differeﬁt from karren as they tend to be much
narrower,. usually extend down into the host(stgata much deeper, and

are not as regular in form.

(1) Codroy sediment infill -— These fissures, found within

the Table Point limestone in Bellman's Cove, taper with.depth, are
approximately five to six metres in depth _and are filled with grey
micritic limestone of the Codroy Group (Fig. 14).

(1) Unfossiliferous mud-filled fissures and solution vugs -

Southeast of the village of Felix Cove, behind the Irving gas station
) GJ

along the shorelir;e, a Few vertical and narrow veftical fissures, filled
with red and/or green mud, can be traced at depth to open into round,

-
subspherical solution vugs that sometimes display geopetal asediment )

similar in composition to the fisgure mud. The vugs may have drusy

caleite crystals in the voidl'space above the sediment. It is more
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- common, however, to find solution v‘ugs without any obvious connecting

fissure. Geopetal sediment and crystals may be presént in these as
well. Fissures filled with red to brown calcareous mud, and displaying
similar characteristics to those in the Felix Cove regiox';,' are a].s?
bresent throughout the Sheaves Cove - Fiod's Cove area of the‘souch
coast (Fig. 15).

The fisst'xres that extend to the surface are overlain by e:I;ther
Pleist0cepe glacial sediments or modern soil; there is no obvious source
for the red to green muds. Less than a. kilometre north of Felix’Cove,
however, there 1s a small outcrop of Uppef Mississippian red-matrix
conglomerate which is located at the fop end of a shallow bx;oad vélley
that underlies the area. Within this valley, is aLmodern migfit strean.
It is interpreted that rthe valley is relared to a pre-Upper Miggsissippian

karst, and, as the red-matrix conglomerate was laid down, the muds would

filter dow{n into the fissures and vugs related to the karst event,,

.

2.4.2, Features of-Karst Precipitétion

Karst waters may act not only as a corrosive agent but also
precipitate cailcium cal;bonatg (;peieothem deposits) both In the subsurface
and above ground lgvel (Sweeting, 1973). The change from erosion to
precipitation is dependent upon various factors, amongst the more 1mportant
of which are water temperature and chemistry. On the Pc;rt au Port
Penfinsula, speledthems occur in the regions of Sheaves Head, Lowgr Head,

-

Fiod's Cove, south of South Head, and near The Gravels. Four styles of

depositidn can be- recognized.

<)
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(1) D;fusy Calcite — The first style of deposit is

characterized by fissures, a fiew centimetres to tens of ;entimetres

in width, developed in St. George Q;roup carbonates. The fissure walls,
possibly modified early, after their formarion by solution, arév patchily
lined with travertine in the form of thin laminae of beige—coloured :

cryptocrystalline calcite. Second}/stage travertine laminae consists of

¢ O
.

isopachous prismati(c or cryptocryétalline calcite crystals, variegated
in colours of red, white and brown, or simply white and grey. The
- isopachous crystals increase in ‘size and may actually complétely plug
e the rem;iining vold space (Fig. 13). .
| Two generations of this iatter stage travertine are present:
(1) 1lining rims, and (2) surrounding clasts in the centre of fissures.
The laminae microtopography is enhanced by rim surface irregularities.
Vo.id space, geopetal sediment or blocky calcite crystals _repres':eng a
third stage and are usually found at the centre .of very wide fissures.
This étyle of deposit 1is fourild‘at Sheaves Head, Lower. Cove, ‘and Flod's "
¢ Cove‘. . : . ‘ : &_"_,

(i11) Trdvertine and Red Beds - At Sheaveas Cove ‘West, another

A3

style of speleothem deposit is px-:esent: thin cross-bedded and fractured

laminae of tx:'avert:'uie partially infill a éi‘acture within the host

carbonates. Alterna:ting with the laminae are interbeds and laminae of ,
=red calcareous muds. 'I'hfaae are similar to travertine depogits described.

by Chafetz and Butler (1980; Fig. %0B, pg. 508).

v At Dory Cove, aln 1nformél name giveﬁ to a small cov;a two

<
kilometres northeast of The Gravels, the east wall of the cove, consisting

of karsted Table Point limestone is covered by a thin laminae of




beige-coloured travertine.

- N

- (iii) Moonmilk - ‘Soul:h of South Head, on the north shore,

large vblocf(s_ of moonmilk (see Thrailkill, i97l),'beige in colour c.;:m be
found in roadfill. The samples b)e sur;face textures similar to cauliflower,
(;aléna and marcasite mineralization 1s'associated with the moonmilk.

The source area for this speleothem is‘ unknown though Howley's map of
Newfpundland -indicaFes the occurrence of lead in the same region as the
roadfili (Ho.wley, 1é07). This is interpreted to indicate that the sﬁ

is probably close to the present localj.ty.

(iv) Cave Deposits - The fourth style of speleothem
deposition. can be found at a small cave (discovered' By B. Pratt) just
southwest of The Grave‘ls. Here, beige—laminatea Elo'wst:ong. similar in
texture tlo_ some of the variegated travel'rtine in fissures at Sheaves- Head,
dripstone str{uct\ures, and carbonat:te sediment infill have completely
plugged a cave or hollew in the. St~._George_ carbonat es. 'i‘he deposit 1is ‘
approximately t;io metres in diameter with the co‘nftac: between the speled-
thems and host rock wall varying from smooth tt') jagged. Rare marcasite

mineralization is present withiWut infill. Fissures leading:

away from the base of the cave are filled with beige fo brown laminated

flowstone. The dripstone structhres congist of stalactites and
stalagmites, soda straws and flowstone with a knobbly surface (Fig. 16).

In Aguathuna "Island", flowstone in the form of cave popcorn
. b
1s found in contact with Upper Mississipplan sediments. Cave popcorn is

- also ‘qssociated with Table Cave strata south of the quarry (éee Thrailkill,

i

1971, for definition of this speleotnhém). A 4




FIGURE 14:

FIGURE 15:

FIGURE 16:

Fissure (arrow) cuéting Table Point Formation strata
is infilled with fossiliferous Upper Mississippian
grey lime mudstone in Bellman's Cove. Note that the
fissure extends down into bedded Upper Mississippian
limestone infilling an undercut (above hammer).

Red muds infilling a fissure in Fiod's Cove within the
St. George Group stratd display minor cross-bedding
(arrow) which consists of interlaminated red mud and
travertine. Lens cap for 'scale.

Cave precipitates, Pratt's Cave, south of The Gravels,
display flowstone and a possible stalagmite (arrow).
Lens cap for scale.

14
N







2.5, Age of Karst

2.5.1. Mantled Karst

Karst landforms that are mantlgd by’ Upp‘er Hissiséippian
sediments, and cut across structure impos;d by Acadian‘ deformation, prove
an Early Missis_sippian age for karstification on the Port au Port P;ninsula.
Karst surfaces of the Ordovician strata 'asso::iated with this period of
karstification tend té be smooth and well rounded,” Mantled karst is
restricted primarily to the coastline of the peninsula; inland the Upper
Migsissippian sedimen;s thin with higher elevation. Karst/Codroy contacts

7
are well exposed only along the coastlirne.

2.5.2. Bare and Subsoil Karst

The age of bare and subsoil karst on the peninsula is
problematic, ] These karsts are found primarily away from the shoreline
and at higher ‘elevations in contrast to the mantled karst. The aurfac;
morphology of associated landforms*varies from smoétﬁ and well-rounded to
tough. and angular. A: comparison of karst landforms that_ are mantyled ar‘ld
those which are bare or covered by modern soil is shown in Figure 17,
All ‘I-aare and subsoil karst features, with exception of rinnenkarren
and solution basins, ére found‘ as mantl_ed karst. Surf ka;ren found
along the shoreline may be, in parf, modern in age (Fig. 17).. The
evidence of a pre—‘ to syn—sédimentary Late Mississipplan surf karren
.de\.relopment complicates interpretation. In Ship Cove ﬁast, a smooth

glossy karst surface 1s gradually overprinted by surf karren within the

inoderi) spra'y zore. Within the depression, the smooth surface s in

)
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EARLY MISSISSIPPIAN AGE _ PROBLEMATIC AGE

(mantled) = (bare or subsoil)
s

Rillenkarren
Riqnenkarren
Rundkarren
Kluftkarren and
flackkarren
Karrenrohre
Solution gullies ’
Karst valleys
Limestone pavement
Solution basins
Surf Karren
Solution surfaces
Caves

Open Depressions
Fissures and vugs

Figure 17: Comparison of Karst Features and Age.

.
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contact with the Upper Mississippian breccia. This suggests that the

surf karren in this locality is modern.

| South of Gillam's Cove, quftkarren associated with limestone
pavemént‘is partially covered by the red-brown coloured coarse sand of
unknowh age and modern soil. .The margin edges of the karst features
are well rounded. The ﬁrésgnt distribution of these garr;n is8 well
abéve-sea level (from 20 to 100 feet). Upper Mississippian marine sediment
is found at elevations above the lévest occurrence of kluftkarren (in |
Mistaken Cove, and parfs of the Gillam's Coﬁe pavement). This Suggesfs

thar Upper Mississippian sediments may have been extenatvel& eroded from

the underlying karsted surfaces. Evidence for later erosion comes from
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solution gullies,near Gillam's Cove, in which small patches of Upper

Misgissippian mérine limestones were found encrusting the Ordovician
strata and protectea by an overhang. West of Gillam's Cove, Upper‘
Mississippian sediment is p$eserved ovérlying»or infilling rillenkarren
and rundkarren. The Upper Mississippian sediments are very rubbly and
could be easily removed over a short time interval. .

Much of the karren found at elevations 500 to 800 feet above

sea level along the west coast, are even more problematic in age Using

the similarity in surface textures between these karren and the proven

‘mantled kérren, the age of the smooth and well rounded karren on the west

' coast may also be of an Early Mississippian age. In contrast,'east of

Big Cove, an example of a limestone pavement exhibits sharp margin edges
of kluftkarren and flackkarrgn, The angularity of these karren forms
may be‘a‘function of age or karst process; Rillenkarren covered by Upp;r
Missigsippian sediment display rounded cresés (?est of Gillamn's Cove).
Modern rillenkarren exhibit sharp crests (Sweeting, 1973; Bdgli,’1980).
This suggests that the overall roundness of karst landforms on the
pgninsula ig a function of age. Sharp crested rillenkarren do occur on
the edges of solution basins and kiuftkafren, possibly 1nd1Cat1ng a
superposition of modern, or Pleistocene,karst on a palaeokarst. Bogli
(1980) notes, however,'that_deéending upoﬁ the amount of available
runoff, rinnenkarren may have smooth or rounded features. Despite this,
it 1s apparent that karst features on the peninsula, whether assoclated
\

with bare, subsoil, or mantled karst, exhibit similar morphologles and

surface textures. ,Nofing that the Upper Mississippfan strata thin onto

" the flanks of the peninsula, and that rare outcrops of Upper Mississipptan
. ) <
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sedimgnt are preferentially preserved within a karst gﬁiiey, indicaging
that erdsio; has removed the rest of the strata, it is iﬁterpreted

e that most of the iarst on the peninsula ig inftially Early Mississippian
" in age but subsequent periods of karst may rejuvenate and overprint

.

these features. &

h- 3
2.5.3. Speleothems

Relarionships between the speleothem deposits gnd Upper
Mississippian strata, and with calcite veinlets related to Allegheﬂian
deformation (see Chapter 4 - Structure), indicate that the deposits are
pre—Alleghenian in age. In a few examples a pre-Late Mississippian age'

- can be substantiated.

. 2.5.4, Summary

The interpreted general age of';he speleothems emphasizes the

~importance of a period of extensive and peninsula-wide karstification

N

occurring prior to the Pleistocene. The karst-mantled solution features
indicate that the majority of landforms were developed in the Early

Mississippian. Subsequent karstification is probably occurring at the

sbil-Ordovician strata contact rejuvenating these relict karst features.
. , ' .

2,6. Climate

-

The style of karstification that 1s preserved, represented
, 4
by limestone pavements, sinkholes, caves, and various surface karren,

-

is similar to karst described by Sweeting (1973) for temperate environments.

[
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However, joints, fissures, and caves plugged with karst precipitates

are common in tropical karst environments. Sweeéing (op. ¢it., pg. 296)

'

warng of the difficulty, and misuse, of applying karst landforms to

define a particular.pncient environment, as the parametersthich control
karstification may be so variable within any given région that type
karst landforms, or variation thereof, of several geographical climates
may be found together forming a karst landscape;

Palaeomagnetic studies indicate that during the Mississippian
period, Newfoundland was situated at approximately 10 degrees south
latitude {(Morel and Irving, 1978). Countries situated along this latitudg
today exhibit environments varying from very arid to very humid. The
absence of abundant preserved organic debris within the early Codroy
sediments on the Port au Port Peninsula, and in southﬁest Newfoundland
(Bell, 1948), suggests that the climate was arid or semi-arid. This is
also considered to be the case in southern England and Wales during this
same time interval (written comm., Wright, 1980)., Assuming that the
North American platé did not have any§substantia1 movement between the
Early and‘Late Mississippian, the peninsula probably had a similar
environment during the Farly Mississippian. . .

) Thus, the presenéé of an arid, or semi-arid environment
situated within a tropiéél region of the world, would probably give rise,
to a great Qariqtion in style of karst dandforms.

3

2,7. Karst in Western Newfoundland

Other regions of karst terrains exist within western Newfoundland,

though only one area is known to have been extensively studied.




Karoly} and Ford (1980) report a karst terrain, ‘in the Goose
Arm area of the Bay of Iglands. They describe a pre-Wisconsin karst

surface overlain by glacial rill. Superimposed onto this surface is

a modern karst. - *

Further to the E{:rth, in the Hare Bay region, a karst terrain,
'well covered with modern soil and bog, exhibité round ponds rimmed with
trees, and disappearing creeks (pers. comm., ‘Stou‘ge, 1980). To the
east and southeast in th;a Conche-Groais Island area, ske‘leb and con=-
glomérates qf Early Carboniferous -gge unconformably overlie Ordovician
metaseﬁiments (Baird, 1957).. The Mississippian cléstics are .preserved

in a tight syncline, the structure suggesting that they may have onlapped

onto the carbonates further to the west in a similar manner as in the

Port au Port area, V ) : N
Ford and Quinlan (1972% ci'ted‘ in Thoison, 1976, pg. 17)

report the occurrence of a sinking ‘stream, North Brook, on the south-

eastern coast of S‘t. Geo'r“ge's Ray. '

Areas underlain by till-mantled gypsum of Late Mississippian

age, in the Romaines Brook and southwest Newfoundland regions, often

display a well-developed sinkhole topography due to the solution of the

gypsum.

Just east of Corner Brook, at the Humbermouth Quarry, a
: L4 .

collapsed sinkhole exhibits a cement matvrix‘or orange-brown to pink
coloured laminated, or ver.y Loarsely crystalline c;lcite, with
occasional pockets of geopetal silt. 'Veins' and 'veinlets' of
similar calcite cut across the vgrtical to steeply dipping Ordovician

strata. ‘ :
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In the Deer Lake Quarry, north of Deer Lake, several cave

. and fissure-fill deposits occur within Ordovician strata: (1) large

fissures; up to tens of centimetres in width are filled with greén or
red calcareous_silc; (2)'soda straw stalactites occur within the fissures;
(3) small éayes plugged with s;lt and‘breccia clasts, of Ordovician age,
and coated -with severai 1amin5e of travertine.
The presence of kafs; terrain developed on Ordovician strata
1s‘obviog§f§ widespread ih‘west;rn Newfoundland, I; is interesting to
i P

consider the possibility that some of thesé karst terrains may be of an

equivalent age to the mantled karst present on the Port au Port

+

Peninsula.
~2.8 Summary

Karst features preserved on the peninsula demonstrate that

. (a) a major karstification event occurred during the Early Mississippian

producing a wide range of landforms, (b) surface karstification was
predominant on the Tablé Poinf‘limestone, and in places possibly still
active, (d)iintrastratal karstification was predominant in the St. George
Grqup carbonates forming caves which eventually collapsed, {(d) surface
and Intrastratal karstification along major lineéments produced‘du;ing

the Acadilan 0rogén§ formed the linear to sub-linear valleys that are

found in the Ordovician carbonétes, and (e} the present topographie relief

of ,the peninsula is in part an exhumed Early Mississippian karst landscape.

Thus, Acadian deformation uplifted and fractured the

penlnsula; the edges of which would be susceptible to karstification

-

[ o3 ]
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along the fractures and faults. The inland portions of the peninsula,

possibly not as fractured, would exhibit surficial karst. The distri-

bution of the St. George Group and Table Point Formation carbonates; in

part, also controlled the distribution of the style of karstification.

& ‘ ‘
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(—.\ CHAPTER 3
STRATIGRAPHY AND GENERAL SEDIMENTOLOGY OF THE
UPPER MISSISSIPPIAN SEDIMENTS "
N ]

3.1. Introduction .

.

Upper Mississippian sedimentg on the Port ;u Port Peninsula,
and mainland immediately to the east, occur in three different lithologfic
associations: (1) red terrigencus clastics, (2) mixed carbonate/clastic
sediments, and (3) mixed sulphate/clastic sediments. The preserved
localities of these lithofacies are spatially distinct excepé in the Bigb
Cove reglon, where\red—bed; overlie a carbonate/clastic sequence, and
" Am the region east of Boswarlos, where all three lithofacles ir_)tercalate._
It will be shown by lithostratig;‘aphic an;lyées that all of the tei’rigenous
rg&—beds are equivalent and younger than the carbonate and sulphate
seq@nces. )

On the peninsula, red-beds are preserved a/ldﬁg\"the gouth
coast bétwegn Felix Cove and Sheaves Cove, along the southwest coast and
inland between Cape St. George and Big Cove, and in isolated patches
inland and on theo shoreline’in the northeast portion of the peninsula
east’ of Boswarlos (?13. 1).r West qf Mainland, offshore, red—beds also
underlie ‘Red Island (Fig. 1). East of the peninsu}a,jn the Rofhesay
.Bay rxegion, ‘red-beds and associated calcretes are found along the )

’

shoreline (Fig. 1).

The catbpnate/clast”ic Yithofaties crops out along the northeast

coast of the peninsula east of ﬁoswarlos, at Dory vae on the east side




of East Bay, apd in Big Cove on the southwest coast of the peninsula
/
(Fig. 1, and 35).
The sulphate/clastic lithofacies is found on the:-peninsula

in the Boswarlos—Piccadilly region, and east of the peninsula at

Romaines Brook (Fig, 1 and 35).

A general intra-lithofacies stratigraphy can be established
for the sulphate/clastic and carbonate/clastic lithofacies. The lack of
a detailed correlation witi—;in, or betwee‘n these litho.faciesAresults from

(a) the discontinuous nature of the strata, (b) local control of sedi-
mentation by predeﬁositional topography (karst depressions), and (c)
sediment and possible facles contacts removed from between sections by
1;ter erosion. The stratigraphy 1is further complicated by faults whic).\
cut strata within sowme giel‘)ressicns. ’ These faults appear to have had

little effect upon surrounding Ordovician strata, producing at mosta’

metre of dip displacement across a‘fault zone.

3.2. Terrigenoms Red-Bed Lithofacies :
. -

3.2.1., Definition and Distribution — Three rock units comprise

this lithofacies: (a) chaotic oligomictic breccia, (b) well bedded to
chaotic oligolpiqtic 'conglomerate, and‘(c) fgldspafhic to lithic arenite,
All rock types arev distinctively red in colour, thougﬁ green mottliqg
. : . . v
due to reduction by percolating subgurface ,fiuids is'oft‘en evident.
Isolated reduction_.spots,my alsd occur. Stfata 'are preserved along

the south and‘sout_;hwes't coastlines as vell as inland (Fig. 1)', infilling .

palaeovalleys and'interpreted collapéeci caves. The fact that strata are .
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found in depressions even inland or; the peninsula (e.g. east of Big
Covg, Ship Cove, Abraham's Cove, a_nd Felix Cove, Fig. 1) suggests that
these red-beds were -'originally more areally extemsive than at i::esent
and th;t much has ‘been rémoved by erosion. '

Because of this p_at‘chy' distribution, the definition of a
detailed lithoa;ratigraphic sequence cannot be satisfactorily established.
The karst depressions may be infilled wihth any couwbination of the three
rock t'ypeé: a‘sequence of interbeds of breccia/conglomerat.e, '
conglomerate/arenite, or brecciafarenite. In a féw depressions, such
as at Pigeon Head North and Sheaves Cove Central, gradation between the
arenite and l;edded conglomerate 1s apparent, Lateral and vertical facies

changes, either abrupt or gradational, are characteristic of this

lithofacies,

3.2.2. Chaotic Oligomictic Breccia - This 18 a clast-—supported-

oligomictic breccla, composed of fragmén'ts ranging frop pebble to boulder
size (maximum diametér is 2 metres), derived primarily from limestones

'am_:l dolomites of the St. George Group. Rare red calcareocus quart‘zc;se
arenite blocks of possible Clam Bank Formation affinity may also be
included. The matrix of the breccla is a reé feldspathic éreni;e with
calcité cement., Quartz and total feldspar (dominated by potassic feicispar)
comprise approximately 30-35 percent, and 6-15 percent of the rock

. _ £
respectively, Lithic carbonate fragments and muscovite grains may com-

v

. . - r
prise as much as 10 percent of the rock. Mud matrix within the arenite
. is less than 10 percent. All of the above grains or clasts are angular

to moderately angular. The red colouration i{s due to iron-oxide which

~—
|
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3
‘ coats grains and mud macrix, )

ClastA orientatiior) is mostly chaotic with exception of rectangular
blocks, often oriented {:arallel to the slope of the karst depression wvalls,
Intercalations of well-bedded, lentitular lena{es of feldapathic arenite,
less than 2 metr.es long and 0.5 metres thick may occur within the br,ecc:l.a.

In Fiod's Cove, along th.e northwest wall, a series.of bre;:cia lobe's . .
.dipping at 10 to 15 degrees to the southeas; a;e stacked vertically (Fig.

18). Within each lobe, the breccias remain chaotic. Some of the lime-
stone blocks within these lobes are moderately rounded and have karst

< ¢

solution surfaces and pits, ..

- The maximum preserved thickness of breccia 1s 18 metres, and
occurs at Ship Cove West (Fig. 19) where the base of the breccia is

covered by beach gravel. In some cases breccias thin laterally onto the

flanks of the depressions, Where younger strata overlie the breccia

(e.g. Flod'a Cove.) this relationshiﬁ is clearly a 'prilpary feature and
-not due to' later erosion. The deepest and narrowest depressions; and
caves (e.g. Ship Cove West and Sheaves Cove West, Fig., 20) illustrate’no
pinchout and are completely filled with chaotic breccda.
Inland, north of Fellx Cove, and at the village of Abrahan's
Cove, pebble-breccias overlie shallow undulating palaeovalleys that face'
to the south (Fig. 1). The brecclas are identical with those on the
\ south coast except for a' smaller clast size, ‘
In summary, chaptic breccias may be 1nter§edded with bedded

‘conglomerate/breccia (Ship Cove East, Fig. 19); overlain by interbedded

arenite and bedded conglomerate/breccia (Fiod's Cove, Fig. 21)‘. or




FIGURE 18:

FIGURE 23:

FIGURE Zlox

Debris breccia lobes at Fiod's Cove within the terri-
genous lithofacies. Three lobes are vertically stacked
(A,B, and C), and dip to the southeast. Green mottling
due to groundwater percolation (arrow) cross-ciuits the
lobes along fractures., Hammer for scale.

Bedded red-matrix conglomerate at Cape St. George.
Approximately 60 metres of vertical section are shown
in the photograph.

Green calcareous arenite (A), Late Mississippian in age,
is in fault contact with St. George Group catbonates

(B) at Sheaves Cove Cetit‘ral Red arenite {(C)
conformably overlies the green arenite. The dotted
line shows the approximate contact zone, Hammer

(arrow) for scale.







.‘ o - : .
3 .
. ¢ . i
» -54-
! .

1 completely fi11ll the karst depression or cave (Ship Cove West, Fig. 19;

Sheaves Cove West, Fig. 20),

3.2,3., Bedded Red-Matrix Conglomerate

This lithology is similar in many respects to the chaotic
breccia. Differences between the two lithologies are: (a) the boulder-
size clasts are much more r(;unded wvhereas the pebbles are tyéiéall'y
angular, (b) bedding is present and generally dips to the south at .10 to
15 degrees; trough cross—-bedding and channel development are common,

(c) the sandy matrix surrounding the clasts may include up' to 20
- percent carbenate lithic fragments, and (d) red/green mttl.ing parallel
. to bedding~due to ‘-grpundwatélr percolation is common (e.g. Flod's Cove).
The rock unit is typically medium to thick-bedded th.éugh-
ti’xin—bedded conglomerate/breccias do occur. Bedded conglomeractes are
_interlayered with red feldspathic arenites in depressions east of Sheaves
Cove Central, several depressions west of Lower Cove (Fig. 1), north.
of Pigeon Head (Pigeon Head_l\f:rth, Fig. 22), and at P;iod's Cove (Fig. 21).

Fining~upward sequences, from conglomerate to arenite, are apparent at

these localities. These successions are typically less than a metre thick.

and conglox;:erate tends to be the dominant lithology. Generally, abr\;\pt' ; -
contacts are Jiore typical between the two lithologies. Well-bedded
pebbie to cobble red-matrix conglomerates ocutcrop east of Big Cove,
Cape St. George, and on Red Island (Fig. '1). Along th; west coast of
the peninsula, ‘iaolated outcrops exhibit bedding dipping gener;lly to, . vl

the west (Fig. 1). It is evident from the attitude of the beds that

. the underlying palaeovalleys, or depressions, influenced palaeoflow : L :
'

«
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SHIP COVE WEST

SHIP COVE EAST

Geometry and lithology of Ship Cove West and Ship Cove

East. (bg - beach gravel; c - cover)

19:

FIGURE




. _ FIGURE 20: (eometry and
SHEAVES'CUVE,WES‘T 1ithology o¥ Sheaves g:ve West.

(bg - beach gravel; c - cover}

) 4 . ) o
lml A ! '

(I

FI0D'S COVE

FIGURE 21: Ceometry'and‘lithology of Fiod's Cove. Bedded congloﬁerate, arenite, and chaotic breccia
all occur in this cove. (bg - beach gravel; c - cover).
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PIGEON HEAD NORTH

FIGURE 22: Geometry and lithology of the northern end of
Pigeon Head North. The conglomerate and arenite
overly St. George Group carbonates.
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direction. Southeast of Big\Cove, flow direction is interpreted as

being both north and west (Fig. 1). On Red Island, conglomerates with

- good planar crossbeds and foregsets dip to the northwest. Clasts are

composed of Ordovician carbonates and red porphyritic volcanita, and

are commonly found along the beaches betwee; Lourdes aqd WLnEerhouae.
Thickness of the bedded conglomerate lithology found on the

peninsula usuglly‘va;ies between four metres (Pigeon Head Nbfth) and

30 metres (west of Lower Cove region). An anomalously thick accumulation

of bedded conglomerates ls found near Cape St. George infilling a

depression which is 100 metres deep (Fig. 23).

3.2.4, Red Feldspathic Arenite

This lithology is thin to medium-bedded, with tréugh,kross-
beds, or cross-laminationa. The sediments dip shallowly to the south,

and cross-bed orientation indicates. that palaeocurrent flow was in the

~ same general direction, The base of the cross-beds may be couposed of

well-rounded pebblesto cobbles of St. George Group carbonates, and

‘green and red calcareous quartzite. These conglomeratic lenses grade

laterally and vertically into the red arenite. Percentages of guaitz
and feldspar (dominated by potassic feldsp;r) in this lithology are
approximately 30 and l4‘percentArespect1vely, with 1lithic clasts ranging
up to 40 percent but tfpically less than 20 percent. The remaining
portion of thiselithology is a minor mud matrix, with rare detric#l
muscovite grains, and a calcite cement.

In Sheaves Cove Central, ioosely indurated red-beds partially

overlie vell-indurated strata composed of green calcareocus quartz arenite




(Fig. 24). Calcite veinlets form a stockwork through the green

sediment and rarely penetrate the overlying red-beds. The difference
’ ] - .
in induration and colouration between the two units is probably due

to the calcite stockwofk. This is related to a fault whiéh bounds the
north side of the Aepression and deforma'the bedding of both green and
red strata. Why the stockwork 1is so localize? 18 unknown.

- In summayy, the red arenites on the peninsula compietely
infill a depressionASheaves Cove Ce;tral, Fig. 25), or are intercalated

r

with pebble congloﬁerate/breccias (Fiod's Cove, and others). Inland

along the northeast coast, east of Bbswarlos, red-beds partially underlie

the kegion, and overlie sulphate/clasgic and carbonate/clastic litho-
facles. The red~beds are poorly preserved and exposed in this region.
Along the shoreline of Rotheséf Bay, thin to medium-bedded
brick-red, red-brown, and green feldspathic litharenites, and shaley -
sandstone, dipping slightly to the southeast overlie with unconformity
Precamhrian gneisses of the Indian Head Complex. Plant debris is common
especially in the more shaley beds, with calcium carbonate nodules, and

a calcrete asscclated with the red-beds.
3.2.5. Discussion

The variable stratigraphic position of the three units described
above, with regard to one another, and with the underlying St. George
Group and Table Poin£ carbonates, make it difficult to establish a valid
int;a—llthofacies stratigraphic sequence. Stratigraphic relationships

that suggest this difficulty are the Following:




SHEAVES COVE CENTRAL

FIGURE 25: Geometry and lithology of Sheaves Cove Central. The arenite
and conglomerate lenses overly St. George Group carbonatesa.
(bg - beach gravel; c - cover)
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all three units may directly overlie the Qrdovician
strata at the same present-day topographic level.

a bedded conglomerate is found interbedded between two
thick beds of chaotic breccia (Ship Cove EFast).

feldspathic and 1ltthic arenites appear as vertical and
lateral facles equivalents of bedded conglomerates.

the truncated bedding of the sediments at the present
erosion surface (e/g. Ship Cove East) and the patchy
distribution of strata inland, suggests that the red-beds
were more areally extensive than now pteserved,.and

that adjacent infills which are preserved today as

distinct 1ithologies were probably intercalated in
s0me manner.

the sandy matrix of the breccla, and conglomerates, isﬁ~,_\k\
similar in mineralogy and textute.tg\qgs“feldspathic '
and lithic arenites. -

The textures of the rea-beds (conglo;;rate/breccia versus

. arenite) would depend upon the topographic slope, amo;nt of physical

" energy imparted on the source rocks ;nq eroded sédiments, the amount of

transport medium available, the time interval available for Aeposition,

.and the distance traQb}led from the source., The similarity in wmineralogy

of the arenites (whether acting as matrix or distinct lithology) suggest

a commo; source for the three lithologies. ‘ . -

The most abundant unit within this lithefacies 1s -the bedded
conglomerate, with assoclated arenites. The sedimentary features, the
variable thicknesses of the red-bed sequence, and the relatively abrupt
facles contrasts, suggest that this lighofacies is the product of an
alluvial fan comg&ex fringing and/or overlying the south, southwest, and

northeast cbasts of the peninsula, and on the mainland east of the

peninsula,
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i ' . bescriptions of modern and known anclent fans (Rust; 1979) )

indicate that bedded conglomeratés,” intercalated sands, as well as
. " & .

A

F ) ' complex lateral and vertical facies gﬁanges are typical of alluvial
; . fan development and ptogradation. The chaotic breccias, with evidence
. - fllohe structures, are similar to described debria flows.

v A ‘
' The degree of erosion prevents any lateral correlation between

. coves. It is conside‘ﬁd that the karst topography would certainly control 2

the initial Btyle of deposition. ‘which is preserved in the coves at

' . 'preaent, but that as deposition continued and depressions infilled. the

facies variation may have become more uniform blanketing the inland

reglons. L L ;

- P

The source'area for the red-beds on the .peninsula was clearly

E ’ , ) the St. ‘George Group carbonates along the aonth coast, and the Table l’oint~

TR S

/
) limestones and St. George Group carbenates along the southwest coast.

This implies that thie clasts were transported ‘only ove; a short distance. : i

.~

This is substantiated by_my of the large clasts withi'n the red-beds

C 4
° } ' . . !
<) with preserved karst suriaces. The origin of the red calcateoua quartzite !
n
\ o clasts, the: abundant angular quartz and feldspar ftagments, aid the .
'\ L muscovite ‘flakes is problemtic. . Possible source rocks on the peninsula

are the Clam liank'l‘ormation' and the Hun;ber Arn;Snpergroup.' The orien;‘
- etation of., the. red-bed strata indicate that the se;dinents were radially
_ ;:nanneled‘aqay from the centre-of the penin;pla (Fig. 1), implying that
"the Clam Bank Formation and/or the allochthon sediments would have to be
‘. ) : ' : " more areally' extensive than now preserved'. A random grab sample ©f

N . arenite from the Clam Bank Formation, j\ét west of Lourdes along' the

shoreline yield'ed quartz and_ feldspar percentages of 35 and 18 respe_ctiw}ely;

>

e e et a5 o e
L .
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mafic volcanic fragmen‘!fs comprised approximately 20 percent of the

Tock. With exception of the lithic fragments, the mineralogy 15 siﬁilar
to that’ found in the Upper His;’.iss;ppian red-beds. Reworking and
transport could remove the unstable volc_ar‘lic:‘fragments prior to
deposition within the dep;esaions. A detailed study of tl;e Clam éank'
Formation lithology would shed light on this p_rov’en.a'nce problem.

The source of the red volg:nic clasts on Red Island 1s even
more problen;atic. There 1is no close ertposed source for thegse volcanics.
Th-e cobbies, quartz~feldspar porphyr.y, are simil#r in li-thoiogy to volcanics
of the Springdale Group in western-central Newfoundland (pers. comm.l,
Strong, 1981). The Springddle Group is appréximately S1lurian-Devonian
in age (Dean, 1978). The gize 'of..the cobbles on Red Island suggests that
transport distance was not greg_g,\ﬂ:us indicating a local source. Wit}iin
the Clam Bapk Formétion, only sediments are exposed al;ng the western
‘coast of the peninsula. During the Silurian-Devonian, ﬁovever, clastic
sediments and associated felsic and mai:'ic volcanics were deposited in

Newfound]land and Nova Scotia (Douglas, 1970). Therefore, it is possible

that the Clam Bank Formation possessed a similar suite of volcanics that

p | . - '
were subsequently eroded and deposited to -form the 1lithology underlying

Red Islfmd.

In summary, an all_uvial fan complex which prograded to .the
south, west, and north 1is ‘parfially preserved fringing, and overlying,
thé‘.peninsula. Initially, a complex of 1ndividua1. fans developet-:l at the
mouths of the karst pal.aé;)valleys, but;, with conti;ui.edv sédimentation, would
coalesce to form an extensive apron, or bajada, fr:l-hging the 'peninsula’

cliffs. Each karst depression would influence, at first,
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the style of aedimer;tat_ion, but as the strata built up, the style of

€

sedimentation may Vhave become more umiform. Development such as this

would produce complex vertical-and lateral facies changes. - .

3.3, Sulfate/Clastic Lithofacies ‘ ‘

3.3.1, Definition and Distribution
v

The lithologiles associated with this lithofacies ;include
limestone conglomefate, laminated lipestone, sanfly gypsum ax;zd green
micaceous sandstone. These are preserved in two, small, spatiall}
distinct basins: (1) at Romaines Brook, a;;d (2) in tﬂe Boswarloa-.-u'
Piccadilly region (Fig. 1). Both basins exhibit a similar sequence of
.lithologi..ea (Fig. 26) which unconformably overlie Humber Arm Supergroup

strata.

3.3.2. Basal Conglomerate

This i3 a poorly bedded oligomictic, clast-support con-
glomerate composed of well to moderétely-rounded clasts, cobble to
boulder size (up to 0.75 metres in diameter), of st. George Group
carbonates and Table Point limestones with rare cl‘asts of red calcareous

quartzose arenites. The matrix of the conglomerate 18 a green

calcareoug quartzose arenite. 1In Romaines Brook, the unit is 2.1 metres

thick whereas at the Boswaflos section the conglomerate : approximately

1.0 metre thick. Relief on the unconformable contact at Romaines Brook
— : :

is less than 10 centimetres but well defined and sharp (¥ig. 27}). 1In

the Boswarlos section, the relief appears to be as much as 1.0 metre

but this may be enhanced by later tectomic events.




%

—-65—

FIGURE. 26:

CORRELATION OF THE STRATIGRAPHY IN THE
ROMAINES BROOK AND BOSWARLOS—PICCADILLY REGIONS

|2m
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In both localities, the unit overlies red and green shales
of the Humber Arm Supergroup. South of the shoreline at Boswarlos,

Bell (1948; pg. 34) reported that no conglomerate was encountered during

-

a drilling operation. This would suggest that the conglomerate 1is

: :
restricted to low lying areas. At Romaines Brook, only one outcrop of
9&: unit is exposed. At both l‘ocalities, ‘the conglomerate is conforma‘l‘ale

.with the overlying limestone.

3.3.3. Laminated Limestone

s

Thig unit differs greatly in appearance between the two regioms, '
though the lithology is generally similaf. In Rdmaines Brook (Fig. 27),
the unit is a grey, well indurated, laminated -pelletal packstone, 1.9
metres thick, with rare ostracod fragmeﬁts. Angulpr quafti and potassic
feldsp‘a'rs make up only about five percent of the rock. The ‘la;nin,ae are
smooth to wavy and may drape over the clasts of the underlying con~-
glonerate. .

At Boswarlos, along the shoreline, the unit is approximately

7.7 metres thick, and 1is composed of interbedded to interlaminated plant-

bearing green calcareous feldspathic arenites, and intraclastic

packstones (Fig., 28). Llocally, the bedd'ing 18 contorted ‘and brecciated

in ‘two hoirizons (Section A, Fig. 29 -~ in pocket). The limestone interbeds
typically possess a combined 10 to 15 pefcent quartz and potassic feldspar
content; micaceous siltstone lithic clasts may also be common. Withih

the -aandstone interbeds, quartz and potassic feldspar percentages are
approximately 30 and less than 15 respectively. Fauna within the iimey

beds ifnclude ostracodes, brachiopods, and a telliocarid crustacean

.-
. . .
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.. ..{Tealliocaris sp.; pers.. comm,, Dewey, 1981) while within the sandstone

interbeds plant debris and ostfacodes are common.

In hand specimen, the intraclasts possess marked positive'

<
relief, are usually 1-2 millimetres in diameter, and are either rounded

to angular clasts of micriteé or pelsparite. These have previously been
iqtérpreted as oncolitic, or pellets (Bell, 1948; von Bitter and Gerbel,
_:I.n pre;s). No algal structures are evident, both angular and rounded

" micritic clasts are present, and the peloids within the pelsparite clasts
resemble faecal pellelts, clotted in a fine crystalline spar matrix,
These latter clasts may' either be eroded mounds of pellets, and/or
grapestone, Usually, a thin micrite rim surrounds the clasts suggestging
algal? micritization of the clast edges,

The limestone beds at Boswarlos are rubbly in appearance;
porosity may be as much as -20- percent in the fofm of moldic porosity
developed in the faecal/grapestoﬁe clasts, o.r as minute spacés. ‘less
than 30 micrometres distributed vithin the mlcrite matrix. Porosity is
also associated with rare partially dissolved gypsﬁm within the micrite
matrix and sometimes associated with the intl"ac'lasts. .

The limestone unit, in Romaines Brook, is confined to the
same outcrop as the conglomerste unit. In the Boswarlos region, the
unit, or parts thereof, is found along the shotelinelnorth and east of
Boswarlos (Figs. 1; Section A, Fig. 293 Halfway Point — Section B,

Fig. 29_), occurs inland’ along Miner's Bfook (Fig.. 1), and was encountered
. .

in the subsurface near Boswarlos by drill‘:lng as répotted by Johnson

(1954). The unit may overlie (1) Ordovician limestone (Miner's Brook;




=68~

North Shore Section - Section C, Fig. '29,‘ (2) the basal conglomeraie

with conformity (Boswarlos, Section A, Fig. 29), (3) grey biohermal

limestone and green sandstone l(Hal‘fway' Pbint), or (4) be interbedded
with beige to grey coloured biohermal limestones (Gillam's Cove -
. Section D, Fig. 29). |
Inlandi, southwest of Boswarios, vd_tilling has shown that the
unit pinches out toward the south (cited in Bell, 1948). These
observations Isuggest that 1ike thé conglomerate, the laminated limestone

. is restricted to lower elevations and thins onto the flanks of the

- v Ordovician highland to the south. -’

f | 3.5.4. Sandy Gypsum

Gypsum with green-grey laminations (Romaines Brook) or
gypsum'desi:ribed as. sandy (Boswarlos; Hayes. and Johnson, 1937) overlies the
laminéted limestone with apparent conformity. In both regions, the contact
is not exposed though in drill core nea; Boswarlos, no evident break
occur.s with the underlying unit (Johnson, 1954). At Romaines Brook, -the
‘gypsum outecrop is spatfally distinct from the limestone and conglomerate
outcrop. At this locality, the laminated gypsum is exposed in a cliff
section on the east side of the brook (Fig. 30), and has a well developed

sinkhole topography on its upper surface. The laminations are commonly

faul'ted and contorted due either to later tectonics 'which affect the-

area and/or anhydrite-gypsum hydration. The gypsum in the Boswarlos-
Piccadilly basin rarely outcrops. The topography is low lying and

. [
generally hillocky suggestive of a karst topography developed on the

" surface,

i s e e

- e e o e




1 -69~

FIGURE 27: Basal sulphate/clastic lithofacies, Romaines Brook.
- Conglomerate unconformably overlies Humber Arm
Supergroup strata, and is overlain conformably by

vell-indurated laminated limestone. Hammer for
scale.

FIGURE 28: Basal sulphate/clastic lithofacies, Boswarlos section.
Rubbly interlaminated limestone and calcareous sand-
stone overly the basal conglomerate with conformity.
Lena cap for scale.

FIGURE 30: Sandy gypsum at Romaines Brook. Approximately 20 :
E metrees of section 18 exposed. Note faint laminations

; ) and well developed sinkhole topography within the Q-

i ’ gypsun.
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The thicknesses of the gypsum units é.re everywhere approximate. .

Based on the exposed structure of the Romaines Brook strata, ﬁ 1; .
‘escimateci that the gypsum may varyfrom 20 to 60 metres. ‘Twenty metres

of gypsum is exposed in thé cliff section and it is unknown how far it ‘
ex_ténda in the gubsurface. As t:he strata are 'dipping approximately

5 to,10 degrees to the south, the mhiimum computed thickness, based on

the exposed thickness, 1s about‘ 60 metres. It isbdoubtful, however,

that the gypsum would act as a coherent block during the later uplift

of the strata and would probably flow pi’oduging a greater apparent thick-

ness. Near Boswa}\los, the gypsum has been estimated to be about 14

N »
metres in thickness (Hayes and Johnson, 1937), Inland, drilling has shown

that the unit thins onto the Ordovician highland and directly overlies
the Table Point limestone (Bell; 1948). 1In the Romaines Brook regiom, all

contacts of the gypsum with the surrounding Ordovician basement are covered. ..

3.3.5. Micaceous Green-Grey Sandstone

This unit is found in the Romaines Brook basin only, and occurs’
both faqlted against the gypsum, east of the. bridge, and overlying the
gypsum; southeast of the bridge along the shoreline (Fig. 1). 1In the
iattgr oﬁ'?crop, the sandstone, a few centimetres tﬁick, may not be in
situ as it is. overlain by Plelstocene ocutwash deposita.

The unit is a thinly bedded, platey, green-grey, micaceous
plant-b-earlng calcareous f'eldspathic.arenite with maximm exposed
thickness of 3.5 metres. The mica (muscovite) and plant debris are
abundant along the bed-ding planes. Quartz and potassié feldspars are

angular to subangular, and comprise 35 ?nd 16 percent of the rock
I}




deposits of outwash sands and conglomerates of Pleistocene age, varying
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O
respectively. A mud matrix may be present but is rarely greater

than a few percent,

3.3.6. Red-Beds and Glacial Sediments

Thin red-beds, poorly exposed, overlie the gypsum unit in
Boswarlos—?iccad:f}ly region. It is unknown whether the green sandstone,
found in Romaines Brook, occurs between the gypsum and the red-beds.

In both Romaines Brook and the Boswarlos-Piccadilly region,

up to tens of metres in thickness, overlie, with unconformity, the
sulphate/clastic and red-beds. Some of these deposits are -described

by Brookes (1974).
3.3.7. Discussion

The presence of plant-bearing calcareous sandstones inter-
preted as fluvial in origin 1ntérbedded and/or overlying arenaceous
limestones (e.g. Boswarlos) and gypsum (Romaines Brook) suggests that
deposition of the laminated limeatape unit and the gypsum occurred in

nearshore shallow water basins influenced by fluvial conditions. The

lack of sandatone within the Romaines Brook laminated limestone unit
implies leas 1nf1ueﬁce of the neafshore processes and perhaps slightly
deeper water. The occurrence of apparent early gypsum within the
limestone beds at Boswarlos, suggésts that local increases in salinity
occurred for the precipitation of the sulphate. -

The basal conglomerate is similar in ;ppearance to cqnglomerate;

found in creek valleys, or wadis, draining highlands in arid climates

S W
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(Reineck and Singh, 1977; Fig. 289, pg. 193). .As the green sandy

‘matrix within the conglomerate is similar to the fluvial sandstones
in the overlying units, the conglomerate is a probable proximal facies
" of the sandstones, and/or fepresents deposition under flood conditi'cms
wil;.h"in a wadl (e.g. Gillam's Cove) or in shallow basins (e.g. Romaines
Brook, and Boswarlos‘).‘ a

In summary, margiqal carbonate and sulphate enviror{men;:s
influenced by fluvial clastic deposition developed in two spatially
distinct b.asins. The similarity in vstratigraphic;. seguence aqd lithotogic
types 18 considered to be controlled primarily by the underlying basin
geometry. vB,oth basins are developed on the soft shales of the Humber Arm
Sup;.rgroup in conér#st to the resistant limestone of the intervening
region of the Port au Port PReninsula; erosion prior to marine trans-
gression would produce relatively Vbr.oad shallow basim;. With an increase
in seﬁ level much of the basin would bé cove;ed by very shallow water
creatin‘gv an environment susceptibl"e to high evaporation rates and
inc;reaseci salini;:_les.

. O'

3.4, Carbonate/Clastic Lithofacies

3.4.1. Introduction

This lithofacies is found on the peninéula again in two
spatially dietinct regions: (1) Big Cove, on the southwestern coast,
and (2) in the northeastern part of the peninsula between Boswarlos and

The Gravels (l,’ig.,l). A small outcrop of this lithofacies occurs a'g

- -w;.. +
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well at Dory Cove on the east shore of East Bay. 1In both main regionms,

the sediments can be traced‘inlénd alopg valleys where they thim with

increasing elevation. The stratigraphy within each region 18 described
v

and correlated.

3.4.2. Definition and Diseribution in Big Cove.

A well exposed sequenée of ;nterbedded carbonates, c#lcareopa
sandstones, and limestoﬁe conglomerates/breccias occur at Eig Cove, in
cliff-section, and along the lower portipd’of Big Cove Creek (Fig. 1,
and Fig. 31)., In the clifi-éection, three diséreﬁe lenges of this
litﬁofaciea overlie with pronounced angulﬁr unconformity steeply-dipping
strata’of the Ordovician Cape Cormorant Formatiom. Each lepslia composed

of subhorizontal strata which dip to the west and thin both to the north

-«

and south onto the flanks of the underlying depression. Only the northern |

basin, depicted in Figure 31, and its extension inland is described in
detall because of its accesaibility. The upper 29 metres of the cliff
is vertical and inacbgsaible, therefore the thickness and degcribtion
of lithologles can only.be estimated.

Four Aistinct units can be defined within the cliff seetion.
First, a basai poorly-bedded limestone conglomerate unconformably overlies
the steeply-dipping Ordovician strata. This is a_similar-looking con-
glomerafe to that foun& in the basal Boswarlos section. This unit 1s
overlain. in aacending order, by (2) lensoid and bioher-al limestone,
(3) interbedded calcareous sandstonea/limey shales/sandy limestone -

v

breccia, vith vell-developed bryozoan bioherms, and (4) an uppermost

unit of well-bedded limestone conglomerate/breccia.’
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FIGURE 31:
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APPER MISSISSIPPIAN STRATIGRAPHY .
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BI1G COVE, WESTERN PORT AU PORT PENINSULA
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MAP A - LOCATION MAP
MAP B - DISTRIBUTION OF UPPER MISSISSIPPIAN STRATA IN THE BIG COVE
AND BIG COVE CREEK REGIONS
MAP C - [DEALIZED VERTICAL SECTION THROUGH THE NORTHERN MINI-BASIN
IN BIG COVE
UNIT L40m MAP D - SKETCH MAP OF THE NORTHERN MINI-BASIN IN BIG COVE
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. (1) Basal Conglomefatg - The texture of this conglomerate
is similar to the Boswarlos basaﬂl conglomerate. Lithologies of the
clasts are Table Point limestones, St. ‘George Group carbonar‘es. and C‘ape
Corlﬁorant limpistones. Ciasts, up to 1.0 metre in size, may exhibit
karst solutiond surfacés and pits. The thickness of the ur.dt varies
from 1,0 to 4,0 metres; an approximate general thickness 1s 2.0 metres. .
The conglomerate is continuous along the base of the lens with masses
extending down to the waterline apparently draping down over the steep
Ordovician strata. !

i3

(2) Lensoid and Biohermal Limestones - This unit is 2.2 metres

thick and is conformable with the underlying conglomerate. A thin bed
of green calcareous quartz arenite, pebble-rich at the base and becoming
shalier towards the top, marks the gradation between the two units. The
limestone unit is composed of beds, tens of cenciﬁetres thick, of

fining—upward pebble breccia., A thin bed of black shaley limestone is

s

‘found near the base of the unit. The fragments in the limestone beds

may be several centimetres in length and are surrounded by a packstone~
matrix, The fragments are Ordovician carbonates, dark micaceous siltstone,
and less than 10 percent of quartz and feldspars. Each ‘bed of this
_breccia grades upward into an argillaceous packstaone top. The beds are
often lensoid in shape and usually incorporate mounds of brox;'n micrite
within which a colloform structure is present. Theser mounds are 0.5

metres thick and up to 6.0 metres in length. -Smaller, more oblate mounds,
tens. of centimetres to 2.0 metres in length and thickness, con.sist of
upward branching bryozocans. Thick brown calcite crusts, up to 2.0

L]
centimetres in thickness and with a mammellose surface texture often

coat the bryozoans (Fig. 32).

R R
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" Gradational with and overlying the lensoid limestones is
‘a sub-unit of‘bedded green arendceous pa.ckatones. No macrofossils are‘
present, although some ostracodes may be found. Terrigenous clastics
may comprise - up to 50 percent of the unit., Distorted and contorted

bedding similar to that described at Boswarlos occurs within this

subunit.

(3) Calcareous sandstones/l:_tmey shales/sandy limestone breccia
- These strata are composed of alternating resistant calcareous cliff-
forming and shaley recessive slope-forming sections. Generally, each
section is composed of beds, centimetres thick, of feldspathic arenites,
valcareous shale, and limestone breccia. The bedding is typically flaggy,
wit'i] very shallow lenticular trough cross-beds. The shalier strata have
abundant plant and wood fragments along the bedding planes. Current '
1ineati0'ns directed east-west are comx_nonly found within the sandstone
beds. The limestone breccia be»ds are simil\ar in lithology to those
described in the underlying unit, although the clast size 1s generally
larger (2.0 to 4.0 centil}xetres in diameter).

Wi1ithin thé basal 17 metres of this unit, towards the northern
and southern ends of the margins of the depression, large bryozoan
bicherms, up to 4 metres thick and 8 metres in length, and generally
biconvex in shape, are found either isolated or stacked vertically on
lower mounds (FEig. 33). The mound density rapidly decreases towards
the centre of the minibasin.

f 4

(4),\ Bedded Limestone”Conglomerate/Breccia ~ Blocks of this

unit are found as talus at the base of the cliff. Strata, in situ, are
’ -

inaccessible within the cliff section. The unit, 20 metres thick‘, is




FIGURE 32:

FIGURE 33:

.

Mammallose texture of possible magnesium calcite
cement (now altered to calcite). The marine cement
coats skeletal elements within the Lower Sequence
carbonates. The solid arrow points to the smooth
outer surface of one mammallon, whereas the open
arrow indicates a fresh broken surface. Scale bar
is 3.0 centimet'r'es.

Bryozoan mounds surrounded by sandy and lime
intermound sediment. In the photograph, one isolated
mound and several stacked mounds (foryming a bioherm
complex) are shown. Scale bar is 1.& metres.
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divided into two sub-ynits. The basal unit, 4,0 metres rthick, is a

medium-bedded oligomicﬁic pebble clast-support conglomerate/breccia.”
Clasts are subround to angular, les; than 4.0 centimetres in diameter,
and of Table Point Formation and St. Ceorge Group affinity. The matrix,
a grey calcareous arenite, is usually less than 5 percent of the rock.
This sub-unit displays well-developed planar foresets, dipping approxi-
mately 10 ‘degreesr to the south,

The upper sub-—unit is composed of horizontal to sub-horizontal
beds of conglomera:b‘b.reccia, dipping to the west, that are identical
in lithology with the sediments in the underlying sub-unit. Clast
diaméter is generally }arger but less than 10 centimetres. Interbeds

of pebble to sand-size clasts may be present within the upper part of

this subunit, i '

3.4.3. Distribution in Big Cove Creek

‘A compilation of the Upper Mississippian section found along
the creek is given in Figure 34. The creek cuts down through Upper

2

Mississippian and Ordovician straté and empties into the Gulf of St.
La_v'.'rence just north of Big Cove. Erosion has removed much of the Upper
'
N Mississippian section along the creek making correlation between outcrops
difficult.
The basal part of the preserved section along the creek
. consists of bedded limestone conglomerace/breccia, with little matrix

> and »a calcite cement. This lithology is similar to the uppermost unit

described 1in the cliff-section at Big Cove. Within the creek the strata

unconformably overlie Ordovician carbonates and grade upx}rard into a




FIGURE 34:

Reconstruction of the Lithostratigraphy
Eastwarg from Big Cove {0 — 750 ft ASL)

Green calcareeus Red =matrix cong!lorr\pratu

sandstone

Limestone . m Basa! conglomerate
congiomerats

-] Limestone breccla E Skeletal packstones,
ccd with bryozoan mounds Tebra rock (D  Bryozoan mounds

A=A Section=Big Cove clit B'B Section=BigCove ck (G -( Section= East of Big Cove
(0 =150 11 ASL) (50 = 120 ftASL) {700 =750 11 ASL)
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strata.
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1.0 metre thick matrix-rich conglomerate. The matrix comprises up to

030 percent of the strata and is a green calcareous arenite. This lith-

'ology is not unlike the basal conglomerate in the cliff-section.

{ L. -

Overlying these conglomerates with conformity are massive
bichermal limestones approximately 5.0 to 7.0 metres thick. 1In another
outcrop, upstream from thevlatter, limestone conglomerate/breccia
Fiipping approxiﬁat_el): 10 degrees to tl;e west, 1s overlain by interbedded
s;ndstones and'sa;n:iy limestore within which occurs a bicherm. Locally,
néar the base of the bioherm, there is laminated biomicrite consisting
of alternating calcite and mudstone, ven.r similar to what has been
called zebra rocic, (e.g., Lees, 1964).

h The most easterly outcrop of Upper Mississippien sediments
along the creek is massive skeletal packstones sandwiched between two
thick beds of conglomerate[breccia. Immediately to the north of this

locality, the comglomerate/breccia thins onto the underlying Ordovician

A

3.4.4. Discussion of Big Cove Stratigraphy

'I"c is apparent that east of the cliff-~section, limestone beds
and thin sandstone beds are interbedded with the limestone coﬁglomerates/
breccias. In the cliff-section a}: Big Cove, this reilatihonghip does
not occur, and it is inte;‘preted that the thick sequence of green
arenites, shales and limestonés in the cliff are basin-centre facies

»

equivalent to the tonglomerate/breccias and/or the'interbedded skeletal

carbonates (Fig. 34). The basal conglomerate in the cliff-section and




-81-

e
the 1.0 metre thick coﬁglounrate in the creek section are very similar
and may indicate that the basal cong{pmerate in the éliff;sectlon
extended inland, and is a facies of the conglomerate/breccia which
overlies it in {hé cliff-gection. Cleariy, a significant input of greeﬁ
sandy arenite.du;ing deposition of the bedded uppermost conglomerate/ .
brecci; unit would produce a lithology not uélike the basal tonglomerate.
The green sandstones, in the cliff-section, exhibiting.
sﬁallow lenticular cross—bedding‘papting lineations, plant debris, and
a paucity of marine fauna suggesﬁ that these beds were deposited in a ,

fluvial-influenced environment. The orientation of the crossbeds.

4

parting lineations, and strata suggests that the palaeocurrent direction

was from east to west, The bryozoan bioherms b!t% this unit and the

V'Eihnnderlying unit however, indicate the presence of rine conditions.
Thus, the environment was one of brackish conditions.

O;e;lying the Big Cove Elifftsection are thin, poorly prese;ved,
beds of the red-bed lithofacies. This relationship can also be seen in
colour air-photos where red tinges appear on the ground just east of the
cliff edge at Big Cove, and 1mplies that the _red-beds eventually prograded.
out over the depressions, and are probable facies equivalents of the
bedded limestone conglomerate/breccia (Fig. 34) Bedding of the red-
matrix conglomerates well east of the cove (Fig. 1) would suggest that
palaeocurrent direction during their deposition was generally from east
The southwardvdirécted foresets at the base of the uppermost

to west.

unit in the cliff-section may represent a local variation caused by

control of the fluvial system by the surrounding basin. topography., As

-

~
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the cliff only gives a two-dimensional representation of the foresets

A~

however, the true direction of currents is unknown.

.The relationship of limestone conglomeraéé/breccia érognading

over and infilling small marine depreséions is also found in‘NeH Guinea
both during the Pleistocene and Holocene (Chappell, 1974). 5;1taic

gravels are recogﬁized overlying and laterally equivalent with coral

feefs. 'Therprogrédation occurs during lzwering of sea level, Within

‘the Pleiatocene succession, several generations of reef and deltaic

gravel are preserved., It is of interest to note that the study area of
Chappell's, in New Guinea, possesses a similar latitude as that interpreted 

-

for the Port au Port reglon during the Upper Missiésippian (Morel and

Irving, 1978).

3.4.5. Definition and Distributionlin the Northeastern Port au Port
Peninsula

Bedded limestones with bioherms, calcareous sandstones, and
sandy limestone breccias lie unconformabiy on the karsted Ordovician
“Table Point and St. George carbonates along the hortheaét shoreline of
the peninsula, andinland along major valleys and gullies (Fig. 35).
This assemblage of lithologies is quite different to that found in the
adjacent Boswarlos-Piccadilly region.' East of Boswarlos, sediments
characteristic of the sulphate/clastic lithofacies intercalate with those
of the carbonate/clastié and red-bed sequences. Sucﬁ a transition is
not evident in the Romaines Brook basin.
The most exposed, and best preserved carbenate/clastic sequence

is found along the shoreline at Bellman's Cove, Mistaken Cove, and Lead

s




¢
VCove. Other localities which help to define the stratigraphic sequence‘
include Aguathuna Creek, Aguathuna "Is;and", and Aguathuna East (Figs.
29 and 35). Despite the discontinuous nature of the stréka, a general
"lithostratigraphy can be defined.

‘ The carboﬁate/clastig lithofacies can be subdivided into two
groups: (1) a lower sequence compoéed of carbonates,jiﬁterhedded
calcareous sandstones and sandy breccias all with bioherms, and (2) an
upper sequénce made up of calcareous sandstoﬂes, liﬁesténe conglomerate/

5

breccia and minor lime mudstone. The division betweeﬁ\the two 1s marked

by an interpreted break in sedimentation. The generalized geological history

is shown in Figufe 34. . ) .

.

0

(1) Lower Sequence

:

(iy Biohermal Limestone -- This unit is composed of belge

to grey, massive,‘unbedded'bryozoan hounds inteEmound bedéed Skeletalvto
pelletal packstones/grainstbnes, and well-developed biolithites of ;imilar
'
“1ithplogy to the mounds but lacking the associéted bedded sediments
(Fig. 3?). A detailed discussion is fou#id in Chapter 6.
Biolithites are located in Lead Cove, and in Bellman's Cove

(Fig. 29) where they are pléstered against the depression walls and have
bu&lt out towards the centre of the depressions. These deposits may be .
;s much as 16 metres thick and tens of metres in width. . They are’
overlain abruptly by the middle unit of this sequence with evidenceé of
an erosional contact. The contacts may be vertical or subhorizontal.

The centre of the depressions are filled with the younger units of the

Lower Sequence.
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- The mounds may comprise up to 60 percent of this unit

within individual depressions. Their shape and size vary (Chapter 6;-
. R . 3

Fig. 64) though they are generally lensoid to ellipsoidal. Within the

depfessions, it 1is evfdent tﬁﬁt mounds and assoclated sedimentg acereted

inward toward the centre. The largest mounds are found within the
1argest depressions, while abundant intermound sédiment and small mounds

are associated with the smaller depressions.

Lithologically, the mounds and biolithites are composed of

tiny colloform structures with cores of bryozoans, algae and serpulid-

type worm tuﬁes. Associlated fauna'inclﬁﬁe brachiopods, pglgg?Ebds. and

’

large cylindrical worm? tubes. The intermound sediments are typicaliy
skeletal and pelletal packétones/grains;ones,‘though‘thin black shaley
lfmestones (Mistaken Cove) may occur. Intermound sediﬁents‘Qisplay
onlap-offlap drapes wiih'ﬁhe moﬁnds. Apparent dips of the strata,

toward the centre.of the depressions, may be as much as_ 30 degrees

(Mis taken Cove).

In Mistaken.Cove, Bellman's Cove, Lead Cove, and Aguathuna
"Igland”, the biohermal limestones are locally separated from the Table

Head limestones by a grey-green micritic and arenaceous limestone (Fig.

38). In Bellman's Cove, and Lead Cove, the 1imestone'iﬁfiils‘fissureg

and a collapsed cave respectively.

{i1) Sandyﬁleéstone Breccia and Sandstone —- This unit, up

to 10 metres thick, is composed of well-bedded to podtly-bedded clast-

support to matrix-support limestone breccia with a green calcareous

quartzose arenite matrix. The clasts are pebble to granule in size,

and typleally very angular (Fig. 39). Their composition is similar to
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FIGURE 36:

IDEALIZED
STAGES OF SEDIMENTATION
WITHIN
KARST VALLEYS

A KARST TOPOGRAPHY C LOWER SEQUENCE

B INiTiAL TRANSGRESSION [ UPPER SEQUENCE

E ORDOVICIAN LIMESTONE @ 810STROMAL LIMESTONE

::'.';.3 GREY,ARENACEOUS MICRITE  qumem MICRITIC LIMESTONE

TEREY 0IOHEAMAL LIMESTONE BRzmn cONGLOMERATE

P L.
4T PLUVIAL MARINE AREMITE  C25 O, BRECCIA CONGLOMERATE

TERRIGENOUS RED~BEDS
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,tha; of Tahle Point and St,. George Group carbonates. Locally, some
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o ;fragments of the underlying ‘bichermal limestone are preéent. Interbedded .
. ‘ 3 - '." '
é with the breccia, are plant-bearing ggeen calcareoUs quartzose arenites
L -] -

Quartz and feldspar clasts may comprise a total of 50 percent of the
rock. Cross-bedding 1s common, as are channels of breccias Qithinvéhese .
\ ’ - '
~, . ot
sandier beds. Breccia lenses may thin and thicken laterally very rapidly:

«

In Bellman's Cove, Mistaken Cove, and Lead Cove (Fig. 29), this unit.
dips toward the centre of the cove, and northward into East Bay. It gé
best exposed in Bellman's Cove and varies in thickness from O to 10 O
metres. ' ,' , -
\ Thin lensoid-shape bryozoan mounds (less than 15 centimetres
thick) and rqgéedjiooking blocks eroded from the underlying biohergal . -
unit occur within the sandy breccia and sandstones. - k :

Green plant-bearing calcareous sandstones and shaley limestone,

in Aguathuna “Island" is an equivalent facles of the uniﬁ'(Section E;

\ Fig. 29). It overlies the biohermal limestone unit but is only approxi-
: g ) ;

’ mately 30 centimetres thick. It is interpreted that this is indicative f

of the unit thinning to tﬁe west. . el ;

v . C. - ) ;

- : (&11) Biostromal Limestone with Mounds —— Bedded skeleﬁal R ]
i

packstoneéland wackestones with small bryozoan mounds occur as discrete
- lensoid bodies within green calcareous to shaley sandstones similar to
- the sandstones of the underlying unit. The limestone lenses vary in’ 1

preserved thickness from 0 to 5 metres and preserved lengths are

approximately I to 10 metres. This unit is poorly exposed and found
in Bellman's Cove, Lead Cove, and an equivalent facies in Agﬁathuﬁa

‘Island'(Fig. 29). At the latter locality, only mounds and bedded

-8
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FIGURE 37:

FIGURE 38:

FIGURE 39:

Bichermal limestone, Lower Sequence, of the carbonate/
clastic lithofacies at Aguathuna "Island". Note
intermound sediment above the hammer.

Contact of biochermal limestone with grey fime mudstone
(vithin dotted lines). ' Both lithologies unconformably
overly. Table Point limestone. The lateral distribution
of the’ grey lime mudstone is very loecal. '

Typical breccia within siliclastic unit of the Lower
Sequence, Bellman's Cove. Width of scale is 3.0
centimetres, .
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limestonés are pres'ent. A large rounded bioherm (3 metres in diameter)
surrounded by the green sandstones occuts at the same stratigraphic
level as the bilostromes in Bellman's Cove (Fig. 40).

The upper contact of these biostromes may be (a) faulted,
and in contact with the Upper Sequence sediments, (b) the present erosion
gurface, or (c) owarlz:in by the interbiostromal sandstoﬁes. Fractures
within the lenses may be infilled with green calcareous sandstone similar

to arenites associated within the Upper Sequence (Fig. 41),

(BR) Upper Sequence

The Upper Sequence is characterized by calcareous sandstones,
conglomerates/breccias, and minor limestone. Llithostratigraphic correlation
between outcrop localities is tenuous except in a few instances, Therefore,

lithologies and localities are not described in ény particular«order.'

Discussion of the correlation is gilven later.

(1) Sandy Pebble Conglomerate -- This unit is found.in

Bellman's Cove and Dory Cove, and comnsists of well-bedded sandy pebble

to cobble conglomerate/breccla; the clasts are of Ordovician l1ithology.
In Bellmar;'s Cove, calcareous green sandstone locally underlies the

unit. Both the conglomerate/breccia and arenite overlie with sharp
unconformity ~the underlying limestones of the Lower Sequence (Fig. 42).
The clastics dip steeply (less than 30 degrees) towards the centre of

the 'depreséion in both localities. The thickness of the unit varies

from O to 6 metres. In Bellman's Cov;a a fault parallel to the cove

axls repeats part of this section. '

The unit is overlain with abrupt to gradational contact by

PO A | S—




FIGURE 40:

FIGURE 41:

FIGURE 42:

Large mound in Bellman's Cove, surrounded by
argillaceous intermound sediments. This mound

is stratigraphically equivalent with biostromal
limestones in the cove as well. Hammer for scale.
Fracture in biostromal unit infilled by Upper
Sequence calcareous arenite (within dotted lines)
in Lead Cove, Hammer for scale,

Upper S¢quence arenite and breccilas dipping toward

the centre of Bellman's Cove (above dotted line).

These overly, with apparent unconfommity, Lower Sequenre
carbonates and breccia (below line). Hammer for

scale.







a thin grey micritic limestone in Bellman's Cove. In Dory Cove,
Pleistocene deposits overlie the sandy pebble conglomerate with sharp

unconformity.

Py
-

(i1) Calcareous Sandstone and Shéley Limestones —— Interbedded

calcareous plant-bearing sandstone and shaley limestone are found in
Aguathuna Creek. These cover biohermal limestrones of the Lower Seciuence,
and underlie a grey limestone conglomerate/breccia. The thickness of
the exposed portion of the unit is 2.0 metres. Both the upper and lower
contacts are covered. Abundant plant and tree fossils, as well as whole
shelled and fragmented ostracodes are preserved in the sediments. The
strata are simlilar to the calcareous sandstone/shaley 1in:estone unit

in Big Cove. .

(111) Grey Micritic Limestone —- Laminated grey mudstone is

found in Bellman's Cove, Lead Cove, and Aguathuna Creek overlying or

interbedded with conglomerates or breccias. The thickness varies from
O to 1.0 metre (Aguathuna Creek) and is appt&ima'tely half a metre at

the other localities.

(1v) Calcareous Feldspathic Arenite -- Grey-green and red

feldspathic micaceous arenites with calcite cement, and abundgnt plant
debris are on top of the micritic limestone in Bellman's Cove and Lead
Cove (Fig, 29). At the northern end of Aguathuna East (Section F;
Fig. 29) the unit overlies‘ the Lower Sequence. Typically, the basal
part of the unit is pebble to‘granule—rich and fines upwards into

arenite. Clasts are generally derived from the Ordovician strata,

Pebble lemaes and beds may be common in the lower 10 metres of the unit
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interbedded with sandier beds. The thickness of the unit wvaries between
25 metres (Lead Cove) and 1.5 metres (Aguathuna East).

The strata in this unit are thin and’ platey-bedded, poorly
indurated with abundant small planar and trough crossbeds, current
lineations parallel to the >north-south axis of the depressions, and
pebble channels and small ripple drift structure directed to the north
(Fig.‘43). These sedimentary structures suggest that the palaeocurrent
direction was to the north and that the sediments were dep;)s:lted under
a mid- to upper flowvregimve.

' Locally, nodules with relic chickenwire texture occur within
the arenite, The noduiés are completely calcitized.-

Later faulting has uplifted or broken the strata in Béllman'é

Cove and Lead Cove. Pleistocene deposits cover the top of the unit in-

all localities except Aguathuna East where a limey pebble breccla overlies ‘

.

the unit. : Y

(v) Limestone Breccia =— This unit 1s found in the upper

reaches of Aguathuna Creek, and at Aguathuna East (Fig. 35). Two brecclas
are preserved in Aguathuna Creek: (a) the olc;est, and less extensive,

.lia a dark limestone breccia with sandy calcareous matrix, overlain
conformably? by (b) a light grey well-bedded breccia with a limey matrix
(Fig. 44). Fragments of the dark breccia oécur 1obca11Ay at the base of
the upper breccia unit. Other fragments within the brecclas are all of
Ordovician carbonate lithology, with rare clasts of the. underlying

Lower or Upper Sequence sediments. Locally, pink barite may act as

cement and matrix in the second breccila.




FIGURE 43: -

FIGURE 44:

[

PIGURE 45:

Upper Sequence feldspathic arenite, in Bellman's
Cove. Alleghénian faulting has fractured and
uplifted the strata. Scale bar approximatelv
1.0 metre.

Upper Sequence conglomerate/breccia in Aguathuna
Creek. Hammer for scale. .

Lower Sequence limestones (a) are overlain by
Uppver Sequence feldspathic arenite (b), and pebble
breccia (c¢). The latter two units thin onto

a well-karsted Ordovician boulder of Table Point
lithology. Scale bar is 1.5 metres.

rd







overlie, and are probably conformable with, the limestone brectia in-

Aguathuna Creek though no outcrop of the contact is preserved.

3.4.7. Discussion of Northeast Port au Port Stratigraphy

N

»

3 .
The relationship between the Upper and Lower Sequences of

the carbonate/clastic lithofacies 1s reflected in Lead Cove. A
fracture within the upperno§t limestone of the Lower Sequence 1s filled
with éreen sandstone indicating that priqQr to the deposition of the
Upper Sequence, a breaklin'sedimentation occurred. The extent of
erosion of the limestones and sandstones during the break,-ér, by the
sediments in the Upper Sequence upon resumption of sedime?tation is
unkﬁown.

It is apparent that'the biohermal limestone in the Lower
Sequence developed on the sides of depressions and built outwards into -
the basin centre, Subsequent deposition of byounger units would produce

a relationship in which the older beds could possibly be topographically

higher than the clastics without any erosion. This is seen in Bellman's

Cove, Aguathuna East, Lead Cove, and considered for the distribution of

the breccias and bichermal sediments in Aguathuna Creek. Thus, within
the Lower Sequence contemporaneous deposition of the biohermal limestones
and sandy breccias and sanéstones is possible. The lack of abundant
Lower Sequence‘sediments in the breccias of the Upper Sequence in
Aguathuna Creek can be explained by a channeling of.the terrigenous
clasticswdown the middle of the depression where no giohermal sedimdnts

had been deposited. Only in thie lower sections of the creek do these




»

limestones occur within the centre of the depression. Unfortunately,
all other sediments that may have overlain the limestones have been -

eroded or are well covered,

3.4,8. Other Oﬁtcrqp Localities

Many isolatea, poorly exposed to well exposed outcrops.of the
Lower and Upper Sequencgs ha;e not been fully described in the above A
descriptions (fig. 35). These localities, however, fit well with the
stratigraphy as established‘abave.

1o Miner's Brook, Gillam's Creek, and in the lower part of
Aguathuna Creek, massive bedded to thinly bedded biohermal limestones
are poorly exposed. In Gillam's Crgek and Miner's Brook these ate
overlain by a green-grey sandstone ahich may be found locally:at a lower
topograph;c»level than the limestones. Here, a similar relationship
is preserved between the sandstone and underlying limestone as found
in Aguathuna C;eek. The sandstones are interpreted to be Upper Sequence
equivalents. ! ‘

In Gillam's Cove, Boswarlos-type lamina;ed limestone is
interbedded with beige-~coloured biohermal and beddgd limestones. A basai
counglonmerate simi}ar to conglomerates in Romaines Brook, Boswarlos section, ,
and Ehe Big Cove cliff-dection; is found plastered agaiqst one wall of
the Gillam's Cove and grading upwards into rubbly limestones of the

Lower Sequence (Fig., 29),

In Aguathuna East, beige-coloured biochermal limestones

underlie the Upper Sequence at the northern end of the section, but are
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topégraphically higher towards the soﬁthern end. Again, no obvious
fault displacément has occurred. '

It aﬁpears certain thatlghe straﬁigraphy along the shoreline
caalbe extended inland along thé ;élleys. During the Late Mississippian,
the‘environmeﬁts of deposition in the karst depressions were relatively
uniform along the northeast shore of the peninsula. As a result, a

stratigraphy can now be recognizeﬂ déspité the present isolated nature

of the carbonate/clastic outcrop localities.

3.5. Lithofacies Correlation

]

Intercalation of the three lithofacies occurs in two regions:
(a) Big Cove, and (bS east of Boswarlos,
~ In the Big Cove~regioh, as described previously, red-beds
overlie ané-are interpreted as facies equivalents of the grey limestone
conglomerate/brecéia found in the cove. South of Big Cove, red-matrix

bedded coﬁglomerates can be found at the same present topographic level
ratger than the carbonate sequence in Big Cove. East of Big Cove, in
Qell—expésed outcrop, red-matrix conglomerates lie at a higher topographic
level that the carbonate (Fig. 1). As no major faulés crogss~cut the
region between,Big Cove and the areas to the east and south, deposition of
the red-bed sequerice is interpreted to havt been initilally coeval- with the
carbonate/clastic succession, and, with time, prograded out over the
éarboﬂate basin.

East of Boswarlos, all three lithofacies are intercalatéd.
in Gillam's Cove, the laminated/ limestone of the sulphate/clastic litho-
facies is interbedded within Bj;b

e limestpnes of the carbonate/clastic

J

.




sediments typigal of the coves to the east. Just west of Gillam's

Cove 1n a small depression (Section C; Fig. 29), red-matrix conglomerates
wifh green mottling of the matrix lie spatially distinct from the beige-
colpured limestones and the laminated limestone, but all within metres
of one another. Inland, underlying the present erosion surface, red
sediments are patchily exposed., Therefore, a complicated lateral and
vertical facies intercalation between the three lithofaciés 18 obvious
in the northeastern part of the peninsula, and indicates that the
sulphate and carbonate sequences were contemporaneous followed by
development of an overlying red-bed lithofacles (Fig. 46). A transition
between carbonates and sulphates does not occur withizge Romaines Brook
basin because of the presence of a palaeoridge (Ordovician carbonates)
that 1s still preserved between the two arcas.

' Correlation of similar styles of deposi{ion between Big Cove,
and the Aguathuna Creek region is possible despite the 40 kilometre
distance between the regions. In both localities there is a similar
sequence of calcareous sandstones and shaley limestones (Lower Sequencé)
overlain by coarse limestone breccia which grades up into red-beds
(Upper Sequence). The similarity in stratigraphy and lithologies suggests
that environments of deposition as this étratigraphic level, aﬁd the
causes for progradation Qf sandstones and breccias seaward, were
relatively unifo;; across the peninsula, In southwestern Newfoundland,
alluvial red-bed progradation (represented by the Upper Codroy Group)
was caused by uplift in the southeast along the faulted hasin margin

(Belt, 1968). A similar, and probably related, uplift is envisaged for

the cause of the fluvial and red-bed progradation on the peninsula.
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FIGURE 46:
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Interpreted schematic geometry and correlation of U

1ithofacies between Boswarlos-Piccadilly and Romaines

Brook. Note the Ordovician palaeoridge creating two

distinct basinal regions. Relative thicknesses are

approximate. Karst valleys are not shown.

Legend: Blue - limestone with straight angled lines
is Cambro-Ordovician in age,.

- limestone with vertical lines is the
laminated limestone and limestone
conglomerate of the sulphate/clastic
lithofacies.

- 1imes(tone with horizontal wavy lines
is the lower Sequence of the
carbonate/clastic lithofacies,

Purple - allochthonous Humber Arm Supergroup.
Yellow-- gypsum/anhydrite,
Green - clastics of the Upper Sequence.

( Red ~ clastics of the, _terrigencus

. lithofacies.
Orange/Red - Pleistocene kediments.
~,~~" - non-deposition and/or erosion
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Palaeontological evidence, however, suggests that it may have occurred
gomewhat earlier than in southwest Newfoundland (Chapter 5 -~
-Pa%aeontology and Blostratigraphy).

PN

>,
- <

. 3.6. Summary

In summary, initial Carboniferous sedimenaation_ on the
peninsula, involved terrigenouz_s sediments along the south and southwest
coasts, marine carbonates along the Bouthwgst and northeast coasts, ;md
vsulphates/carbonates along tﬁe northeast and in the Romaines Brook
vieinity, Basins in which carbonates and' sulphates were deposited were
always influenced by continual impyt of fluvial clastics. Subséquently,
progradatipn of the fluvial sediments over the x;larine basins occu;red .

as a result of uplift of the peninsula. The style.of fluvial sedimentation

!

varied, controlled by karst topography, as evfdent from the strataw in the
Upper Sequence, The presence of relic éhickenwire gypsun within the

e !
. sandstones indicates that ldcallysthe arenites were subjected to hypersaline
- ;

-~

conditions. This probably occurred zfter burial but prior to lithi- o
ficatvion. With continued uplift breccias were deposited as deltaic

sediments followed by red-beds of alluvial fan-braided stream origin ) ’ ,
(Fig. 47).' Thud, the Upper Missiasippian stratigraphy on the Port au
Port Peninsula records a change from marine to terrestrial conditions.

—~
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CARBONATES
AND SULPHATES RED-BEDS
CLASTICS AND - | , :
: 4 ‘ CLASTICS . -

L

FIGURE 107' Interpreted lithofacies correlatio’ and red—bed ;
' progradation during the Late Mississippian.
The diagram shows the three initially-coeval |,
lithofacies; but, with time, the red-bed lithofacies
progrades out over the other two sequences.
o~ .
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CHAPTER 4

DEFORMATION OF THE UPPER MISSISSIPPIAN STRATA
IN THE PORT AU PORT AREA

4.1. Introduction

Three periods of deformation have affected the Palaeozoic
strata of western Newfoundland: (i) the Taconic Orogeny, Middle
Ordovician in age, reflected by transported sediments and ophiolites,
with relatively flat thrust contacts and west-facing folds, (ii) the
Acadian Orogeny, Late Devonian in age, characterized by high angle
faulting, and (iii) the Allegenian Orogeny, Pennsylvanian-Permian in
age, which locally is typified by high angle faults (see Williams, 1979,
for summary). The latter deformation is restricted to narrow zones whereas

the other two deformational events are regional.

4.2. Pre-Carboniferous Structure on the Peninsula

The Taconic Orogeny is reflected by the superposition of
transported sediments and mafic volcanics of the Humber Arm Supergroup
on top of autochthonous Cambro-Ordovician carbonates and sandstones
(Williams, 1975) (Fig. 1). Prior to the development of karst and Upper
Mississippian sedimentation, Acadian deformation tilted the Ordovician
strata underlying the present peninsula gently to the northwest. On the
western side of the peninsula, Lower and Middle Ordovician carbonates,
the Middle Ordovician Long Point Formation, and Silurian-Devonian Clam
Bank Formation are faulted and steeply dipping to the west and northwest,

with portions of the Clam Bank overturned (Fig. 1).



-

Flatlying Upper Mississippian coqﬁlomerates in the Big Cove region
overlie portions of this steep structure. Several major faults, not '
covered by Carboniferous strata, transect the peninsula from norch

) 2

tq south (Fig. 1). However, association with elther the Acadian or

Alleghenian Orogenies i{s difficult to determine.

)

4.3. Deformation of the Upper Missiggippian Strata on the Peninsula

Deformed Upper Mississippian strata are found (a) along the
south coast at Sheaves Cove, Lower Coﬁe, and (b) along the northeast

coast.at Lead Cove, Bellman's Cove, é;d Boswarlos, and (c) ét Big Cove

on the west coast,

td

4.3.1. South Coast

v

In the Sheaves Cove region, two outcrops of red-beds,

Sheaves Cove West, and Sheaves Cove Central, are bounded on their northern

sides by normal faults striking 50 degrees and dipping steeply to the south.

At Shaaves Cove Central, a parallel fault within the red-beds occurs
near the sohthern contact of St. George Group strata and red-beds.

The centre of the outcrop 1s dropped down a few metres at mosti
Cutting red-beds, Ordovician strata, and s;eleothém—filied
fissures, are numerous veins and veinlets composed of white fine to
coarsely—érystalling equant calcite. Inrthe Sheaves Co;e region, the
veielets are parallel to the fault that bounds the northern side of rhe

Upper Mississippian outcrops. In Sheaves Cove West, a 15 centimetre thick

calcite vein partially coincides with the fault trace.

e ——— L A R S B YO SR
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West of Lower Cove, large metre-wide fault zones infilled
with red conglomerate and sandstones, are cut by coarse crystalline
equant and drusy calcite veins, Dip displacement on the faulés nay be
up to two metres, Fragmenthithin the conglomerate are red 'sandstones

which appear - to be reworked Codroy red sandstones, It is here.inter-

‘preted that faulting and.veins postdate the sediment infill.

4.3.2. Northeast Coast

.

. In Be-llman'sv Cove and Lead Cove, normal faults displace the
Codroy strata vertically as much ‘as ten metres. In Bellman's Cove,
féﬁlts are parallel to the cove-vallgy axis, ‘;re fdund on both sides
of the tove, and are contained with.:ln Codroy strata, The faults are
high-angle and dip éteeply towards the midcile of the cove resu}ting in

a graben structure. In Lead Cove, a fault zone has flexed the Upper

- ~

Sequence Baﬁdatonea from a horizontal a}titude in the mid—cov‘e region’
to a 30 degree Qest'dip adjacent to the fault on the eastern side of
the cove. Lower Se»quence lime'st»ones and sandy brecci»la beds, in the
fault zon‘e,' are steeply dipping as well. Only one fault zone is
recogr;;zed in the cove, though Pleia't‘oceng‘ cover and later vegetation
may cover another zone near thé west sgide, .

In Romaint;.s Brook, stfata are tilted 5 to 10 degrees to
the south. Cover preverts exposure of the convtact relationships of
the Upper Mississippian strata and the, underlying Ordovician strata.

In the Bo,swarlés region, two types of deform.;tion*are

A . . .

exposed: (i) high-angl® normal faulting, and (i1) intrastratal N

brecciation due to solution collapse. Several small high-angle faults

.
‘

O P i e e it s [SITBRE .

P




~ L

with a north-south orientation cuy the Table Point limestone. At
Halfway Point, a fault parallel to these minor faults Juxtaposes
Ta;ble Cove limestone and the laminated limestone of the sulphate/
clastic lithofacies.  In the Boswarles section itself, the Upper
Mississippilan beds are preserved in a shallow syncline plunging

gently to the northeast. This syncline is either a resulr of the

high-angle faulting or reflects the palaeotopography of the under-

lying Humber Arm Supergroup. .

The second .style of deformation, intrastratal brecciation,
consists of distorted and brecclated beds sandwiched between undis- °
turbed calcareous sandstones and arenaceous limestones (Section A,
Fig. 29). This brecclation only occurs :Lx; the most westerly outcrop
on the shoreline at Boswarlos. It ia not found at the same strati-
graphic level in the adjécent c;utcrop to the east. This style of

o

deformation also occurs in Big Cove.

In the Aguathuna region, veinlets of calcite often con-
taining marcasite and galena cut Ordovician strata. Calcite veinleta,

in Upper Migsigsippian strata; lack sulphide mineralization but may

" have rare barite.

4,4, Discussion

The style of faulting in Bellman's Cove, Sheaves Cove
Central, and Lead Cove:‘, suggests that mini-grabens developed, down-

faulting the centre of the coves. There 18 no visible displacement ~

//

e




of the Ordovician gtrata across these coves except for Sheaves Cove

Central. In Bellman's Cove, and Lead Cove, depositional contact

between the Codroy and Ordovician strata is well preserved. It is

apparent that graben structures do affect some coves on the peninsula

but only the distribution of the Codroy strata, and the Ordovician

c;rbonates underlyiﬂg the Codroy strata within the grabens themselves.

In the othe; coves, and inland ;long the valleys, no

o

apparent large fault displacements of Ordovician strata are recognized.
It {8, however, difficult to discern faulting within the Codroy sedi-
ments along the valleys where cover 1is 86 extenaive. In‘Aéuathuna
'ﬁslandf the strata orlentation changes dramatically from 10 degrees
northwest to 60 dé;rees westward over a distance of 10 metres. The
change in dip is continuous with no fracturing present along the

flexure. Quarrying has removed the western d‘igvictan—Codroy contact

thereby .making 1t difficult to determine whether the structure is
caugsed by faulting. )

The intrastratal breccilation. in Boswa;los had been sug-
gested to be due to landslides (cited in Bell, 1948). It is inter-
preted, in this‘study, to be caused by solution collapse due to the
solution of gyﬁsum within limestones. Evidemce.to suggest this
conclusion is as follows:

(1) the deformed structure grades laterally and

vertically into undisturbed bedding;




-106-

.

(11) the matrix of the breccla is identical to the
"lithology of the fragments;

(111) tﬁé limestones are very porous; some pore
spaces have remnant gypsum whereas others are
filled with late stage calclte cement, or are
empty; .

(1v) the deformation is preserved as a spatially

localized "event".

The presence of a thick gypsum unit overlying thé laminated
limestones inland at Boswarlos, and the evidence of partially dissolved
gypsum within the po;eé of the limestone sugggst that local ponding
within the Boswarlos basin raised salinities high enough to precipitate
gypsum and gypsiferous sediments. Alteration between saline and
brackish conditions (interbedded limestones and sandsténes, respéc-
tively) would create unstable conditions for any gypsum previously
deposited. During sandstone deposition, the groundwater woﬁld be more
brackish, facilitating early dissolution of the gypsum. The presence*
of céntorted and brecciated sediments suggests that the strata were
still wet and/or semi-lithified such that flexing of the beds during
collapsé would nat necesgarily lead to complete fracturing. If this
interpretation is correct, then dissolutio% would need to be early. A

similar environment relationship is considered for Big Cove.

]




4.5. Summary

Two styles of deformation affect some of the Upper Missi-
ssippian streta oﬁ’:;; Port au Port Péninsula: (1) high angle normal
faults due to Alleghenian deformation which may develop graben.structhres;
and (11) intrascratal brecciation caused by solution of gypsum.

Faults associated with-Alleghenian deformation are clearly

defined only where they cut Upper Mississippian strata. Faults that

v

deform these Qtrata within the karst valleys strike generally parallel

to the valley axes, which in turn are parallel to some of the major
faults that deform pre-Mississippian strata in the central and western
parts of the ﬁeﬁinsula. Minor éaulting élong the northeastern coastline,
however, which is.parallel to these majér faults is interpreted to be the
result of Alleghenian deformation as well. These minor faults, as well

as the karst valley faults,do not appear to transect the peninsula.




" CHAPTER 5

. PALAEONTOLOGY AND BIOSTRATIGRAPHY

5.1, Introduction

Numerous, well-preserved fossils are assoclated with the
carbonate-clastic and sulphate-clastic lithofacies on the Port au
Port Pehinsula, and at Romaines Brook, and in the Barachois Group
sediments in Blanche Brook to the east. Systematie descriptions of the
fossiis within these sediments have never been published. 1In Ehe
following discussion, macrofaunal identifi{ation‘is based on deshrip—
':19a§ of Upper Mississippian fauna in Nova Scotia by Qell 51929), and
IMoore and Ryan (1976), and the description of a crustacean in Newfound-
land by Fong (1972). Miospore names are used according to Utting
(1978) . * The foraminifetéland conodont némenclature is used according

to Mamet. (1970) and von Bitter and Gerbel (in press).

5.2, Macrofauna
The macrofauna found in Upper Mississipplan strata of the

Peninsula, along with their various locations and lithologles, are

1isted in Figure 48, Though previous workers have sampled some of the

outcrops (Hayes and Johnson, 1938; Sullivan, 1940; Bell, 1948) no des-

cription of the precise lithology surrounding each fossil was noted.




In general, the most fossiliferous sediments are the
carbonates associated with the carbonate/clastic lithofa;ies along
thé,northeast coast of the Port au Port Peningula. The most unfog-"
silifgrous sediments with poorly ﬁ?zgerved, or no macrofauna, are the
clastic units {e.g., as in Bellman'a Cove, and along the south shore).

In Mistaken Cove aﬁd Aguathuna "Island”, the biochermal -
limestones are locally separated from the underlyiag Table Point For=-
mation by a grey to grey-green arenacteous lime mudstone. In Bellman's
Cove and Lead Cove, this same rock-type occurs within fissures and a
collapsed cave. These latter outcrops are now spatially distinct from
the néarby biohermal limestones and are intefpreéed to be laterally
equivalent to the biochermal limestones. The most common,.and diagnostic,
ﬁoésil ;ssociated with the grey lifie mudstone is the spirifer Martinia
galataea Bell (Fig. 494). Other specles include brachiopods.and one
pelecypod. In Mistaken Cove, on thg northern end of the east wall, a
dense accumulation, or clusger, of these brachiopods is present (Fig.
49B) . Most of the fauna associated with this rock type are not found
within the biohermal beige-coloured limestones.

The biochermal limestones have an abundant and diverse fghﬁal
assemblage. The most common brachiopod found is Beecheria sp. (Fig.

50). These may be found as individuals or comprise colonies of varying

dimensions. Beecheria sp. was found in many forms and no attempt was

ﬁEﬁ: to classify to a specific level as in Moore and Ryan (1976).




FIGURE 48:
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Lead Cove

Mistaken Cove

Bellman's Cove

Aguathuna Creek
Agnathuna East

Aguathuns Island
Gillam's Cove
Boswarlos

Big Cove

LITHOFACTIES

CARBONATE - CLASTIC

SULPHATE -
CLASTIC E

beige, rubbly,
biohermal limestone

frey, arenaceous,
micritic limestone

laminated
limestone

COELENTERATA

Paraconularis planicostata (Dawson)
BRYOZOA

Diplo aria so.

Stenoporella? sp.
BRACHIOPODA

Ambocoelia acidica Bell

Beecheria so.

Camarotoechia acadiensis (Davidson)
Camarotoechia atlantica Bell
Composita sp.

Cranopsis? so.

Diaphragmus avonensis (Bell)
Diaphragmus tenuicostiformis (Beede)

Harte
Marti

lla parva Bell
nia galataea Bell

Mart

nia thetis Bell

Ovatia dawsc
Ovatria lyel

oni (Beede)
14 (Verneuil)

Schellwiene

11a sp.

Schuchertella? sp.

Spirifer nox Bell

undetermined encrusting brachiopod
PELECYPODA

Aviculopecten lyelli Dawson
Leptodesma acadica (Beede)
Leptodesma dawsoni (Beede)

Lithophaga poolii (Dawson)
Modiolus dawsoni (Bell)

Pteronites gayensis Dawson
Sanguinolites parvus Bell
GASTROPODA

Stegocoe

Stegocoe
Straparoll

CEPRALOPODA

Diodoceras avonensis (Dawson)
Nichelinoceras vindobonense (Dawson)

ANNELI1DA

a abrupta (Bell)
a compactoidea (Bell)
lus minutus De Koninck

Serpula annulata (Dawson)

Spirorbis caperatus McCoy
undetersined worm tubes

FORAMIRIFERIDA

Biseriammina?
Esrlandia sp.

OSTRACODA

undifferentiated

ALGAE

undetermined blue-green algse
Lalcisphaers sp.

OTHER

Bellocaris mewfoundlandensis Fong

Ielliocaris sp. cf. I. loudonensig
CLornulites? sp.

undetermined calcsreous tube

fish teeth

sp-
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Two typeg of bryozoans were noted. The mogt’ common is
Stenoporella? sp. (Cuffey, pers, comm., 1981) found both as indi-

viduals and as a framebuilder within the biohermal limestones (Fig.

' 51). This bryozoan may be free-standing or enérusting. Often columns

are gresené, composed of vertically stacked encrusting forms. The
other common bryozoan is a delicate branching pinnate form called
Diploporaria sp." These are found as individuals only (Fig. 52).

Other a.l;undant: macrofauna within the blohermal limestones

are the pelecypods, Leptodesma acidica Beede, Leptodesma dawsoni Beede,

»

and Pteronites gayensis Dawson, the gastropod Stegocoelia abrupta Bell,

the conularid Paraconularia planicgstata Dawson (Fig. 53), wort tubes of

Spirorbis caperatﬁs McCof (Fig. 51), and large laminated tubes of possible

- -

annelid affinity (Fig. 54).

These latter tubes are particularly common as individuals in

the bichermal limestones. 1In addition, a cluster of several individuals ~

occurs in Lead Cove on the southwest wall. The tubes are roughly circular
in cross~section, taper with length, are 6ufved or sinuous in long
section and posséés a laminated wall of fibrous brown-coloured calcite
which is similar to cement lining wvarious cavities within the sediment.
.

This cement may have ‘coated a membranous tube. The walls also include
discrete voids alfgned parailé’i to the walls along the length, and conr-
centric in cross-section (F?o. 55). -chrofossils, somewhat similar to

ostracodes in putline, may be incorporated within the walls. These,

calcareous tubes arta typically broken at each end and may be as much as

20 centimetres in length. A complete tube was never found.

3 .




-FIGURE 49A:

FIGURE 49B:

FIGURE 50:
FIGURE 51:

FIGURE 52:

FIGURE 53:

Three views of Martinia galataea! brachial, lateral
and anterior. Three different individuals are figured.
True size, ' :

- A monotypic shell bed of M, galataea within the

| grey lime mudstone 1mmediate1y overlying Ordovician‘

strata. Two individuals are indicated: (1) the large
arrow points to a specimen in positive relief whereas °
(2) the smaller arrow indicates a cross-section of the
fossil. Hammer head for scale.

Beecheria sp.. Brachial view of two {ndividuals.

True scale.

A photomictrograph of Stenoporella? sp. encrusting

Spirorbis caperatugs. Scale bar {s 1.2 millimetres.

One branch of a kDiglogoraria sp. colony is shown.

'Preservation of these bryozoans is generally poor,

This specimen 1s approximately 2.2 millimetres in
length. '

Paraconularia planicostata. The length of thig

individual is 10 centimetres.
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The lack of septae or cameral depos_its removed any possi-
bility.that these are orthoconic cephalopods. The presence of
multiple geox;e'tal fabric's of differing orienta.tion within some ;f
these tubes suggests—that they were freely rolling on the sedimgntv
surface, There is no similarity between these tubes and worm t;xbes

. described in éhe Treatise (Moore, l965)l. - The closest(yxalogy in form
may be the large worm tubes that vhave been found near the Galapagos
Rift (Ballard and Grassle, 1979). The broken nature. of the tyhes
suggests that they were broken from an original habitat and deposited

on the sea floor.

Another wunusual but common fossil is the shrimp-like

crugtacean, Bellocarls newfoundlandensis Fong (1972). Detailed
N ‘ ’ sampling has shown that thi“!a. crustacean is ‘located in all major coves
i’ ‘ ) along the northeastern shoreline from Lead Cove to Gillam's Cove. A

similar organism, Tealliocaris sp., 1s always associated with Bello-~

¥

- caris- newfoundlandensis in the carbonate/clastic lithofacles but occurs
alone in the'eulphate/clastic lithofacies in the Boswarlos section
(pers. comm., Dewey, 1981). Bell (1948) mentioned the presence of a g

crustacean in the Boswarlos beds but did not describe the foséil.

In general terms, within the biQhems of “the carbonate

units, brachiopods, bryozoans, and Spirorbis cadperatus dominate the

h assemb lage. Within the 1ntermound calcarenites, the assemblage is

typicall{dominated by bivalves and gastropods. - .

i




5.2.1 Brachiopod Colonies

Colonies of Beecheria sp., roughly circular to irregular
- . : ’
in cross-section, are found within the biohermal limestones in Lead

. Cove, Aguathuna East; and at Aguathuna "Island"- (Fig. 56). Rarely

associated with the colonies are individuals of Composita sp. (Fig. 57),

Pteronites gayensis, and small conularids. ' Vague stratification may be

found within the colonies. As the clusters are exposed 1n cliff faces,
only two dimensions are visible. Studies of population de'ns:lty and
l_ength-frequenc-y analyses were undercaken; Unfortunately only in

two of thf five 1ocz‘_111tives‘ studied‘ could all the individuals be removed.
In loc.':xlities where no specimens could be removed, onlly \population
density was calcullated. Figure 58 gives the local:l?y of the coloniés,

N [ 4
the number of individuals removed and/or measured, and the population

density. Figure 59 indicates the form of the 'length-frequency curves.
It is apparent from Figure 59 that the five colonies studied
‘all display a normal distribution curve. Another important aspect

of the distribution of the various curves is that two of the large

colonies have curves indicating a Iarger‘ average size for the brachio-

pods sampled than the average size in the small colonies.” As only

" portions of the large colonies could be sampled, however, this variation

- may be a sampling bias.




FIGURE 54:

FIGURE 55:

FIGURE 56:

FIGURE 57:

FIGURE 60:

Worm? tubes. Three views, from 1léft to right:

middle section of tube! a tube cut open showing

the wall; and a base of tube showing taper and curve.
Tube bases are very rare in outcrop. Scale: True size.
A section of a worm? tube 'wall' showing faint
lamipations and vugs (now filled with late stage
calcite cement) roughly parallel to the length-
direction of the wall.' The flat bases of the vugs
are oriented towards a dark lamination running the
length of the 'wall™ (arrow). This lamination.

may have been the site of the original tube membrane
around which cement lat_er precipitated, Note the
microfossil (ostracode? -~ open arrow) in the bottom
left of the photograph, encorporated within the wall.
Photomicrograph with' cross~polar{zed light. Scale
bar is 1.5 millimetres.

Bréchiopod colony (outlined) within bichermal
limestone. Hammer head for scale.

One individual of Compogsita sp. shown in brachial
view. True size. .o

Typical blue-green algal columnar thrombolites from
biochermal limestone mounds, Photomicrograph with
cross-polarized light. Scale bar is 1.5 millimetres.







Brachiopod clusters in-liméstonés avre known in other areas,
such as Eanglahd (Hallaﬁ, 1961). _The presence of normal distribution
plots for length—freqt;ency diagrams was ;uggested by-Boucot (1953) to
indicate— a fossii death assemblage. Olson (1957) stated that this
theoretiéal'approach could only be reaiizgd if population dynamics were
’ censidel:ed negligible; that: is, in beds deposited‘ during an interval
greater than a few yearg. Craig’ (1966) suggested that the curve ‘\form
is initially related to the‘ interplay of mortalyity and growth rates
within a colony. It becomes apparent that‘éhere are three coqditions ;

that will help produce a normal distribution plot within a living

colony: (1) predation; (11) a high mortality/growth rate; and (1i1)
. . ' .

strong currents or wave adtion. The first and third cqnditions will
phys'ic;IIy removelthe young and weaker 1nd1v‘iduals.
o Evidence for the brachiopod clusters founci on ‘the Port au
Port Peninsula as be'ing life asgemblages are the fbllowing:
(1) the colonies are composed only of brachiepods with
rare occurrences of‘pellecypods and conularids;
(11) the irregular shape of the colonles are not Bsuggestive
- of curl:er;ts sweeping the éhells together;‘
(111) some individuals are visibiy attached to other

specimens or the subsgtratej.

the relative similar density in all colonies despite

the different localities;




FIGURE 58: Brachiopod colonies - size and ldcation

Location

AguatHuna East: :
_{a) most easterly depression

(b) second depression from
’ the east

(c) most westerly depression
Aguathuna 'Island! 1
Aguathuna 'Island' 2

Lead Cove 1} :

Lead Cove 2

Number of
Brachiopods

69

714
736
362
-298
1810
82

Colony Area (cmz)

166

2083
1944
1260
900
5355
225

T e

Braéhiopod/Are

1:2.98
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(v) there is a wide range in shell size, not suggestive.
of intense sorting by currents;

(vi) the good preservation of whole complete shells;
intense agitation by currents would tend to separate
the valves.

Strat;fication within séme of the colonfes suggests that

currents did orlent the individuals either during life or after death.

It 1s difficult to determine the effect of predation, or whether the

mortality/growth rates were high, No borings are visible on brachiopod
shells and no fractufed shells could be found.

, The colonies are overlain and‘surrounded by beige-coloured
packstones. It 1is not clearly'undetstood why colony grow&h wvas tetqi-
. nated. Sediments within ﬁhe surrounding chrbonates display rare local"
concentrations of synsedimentary gypsum. This suggrests that salinity

conditions fluctuated, possibly creating unsuitable environments for

brachiopod colony growth,

5.2.2. Carbonate Mounds

The fossils coﬁmonly associated with the bioherms are the

bryozoan, Stenoporella? sp. the worm Spirorbis caperatus, blue- green

alga, the large worm? tubes, accesgory molluscs and few conularids.

The bryozoans and algae from a baffle within the bioherms,

. - .
around which a cement and later sediments accumulate. The algae occurs

-




as small columnar thrombolites (Fig. 60). Spirorbis caperatus may be

found encrusting both the bryozcans and alga, or by itself. The

large worm? tubes may constitute the only fauna within a mound.

5.3, Microfauna

The microfauna in these rocks consist of ostracodes,
conodonts and foraminifera.
'-QStracodes - These arthropods aré abundant in a}l
exgept red-beds, gypsum, and”the uppermost green sandstones.
Moré ogtracode species occur in the biohermal limestoﬂes as compared

to the arenacecus and argillaceous limestones in the carbonte/clastic

~ and sulphate/clastic lithofacies (pers. comm., Dewey, 1981). Exact

details of this diversity are the focus of a present thesis by Dewey
and therefore only the typical ostracodes-found are listed here for
completeness. Synonyms for the forms Bell (1929) considered in the

superfamily Paraparchitacea are Shishaella sp., Shivaella sp., and

Canishaella sp. Belonging to the supérfamily Bairdeacea are: Bairdia

sp., Orthobairdia sp., Rectobairdia sp., Macrocypris sp., Bythocypris

sp., and Fabalicypris sp.  Palaeocopids that occur in the gediments-

-

are Aechmina ép., Moorites sp., Amphissites sp, and Binodella sp. One

example of a Cytheracean,'BasslereLlé sp:, and a specimen of Monoceratina

sp. of unknown affinity are also found in the ostracode assemblage.




(11) Conodonts - Limestone samples from two to five

kilograms were collected, for conodont processing, from all major

Upper Mississippian 6utc;oa localities along the northeastern shore-~
ling of the peniﬁsula, and at Big.COVe.’ Unfortunately, no conodonts
were recovered. Fish teeth, phosphétic tubes and possible fish scales
were the only fossilshfogpd’after processing tﬁe‘rocks. These were
recovered from the grey laminated limestone in, Aguathuna Creek.

Conodonts have been recovered from Boswarlos, Aguathuna

Quarry region, and the® laminated limestone in Romaines Brook by wvon

|
1 <

Bitter and Gerbel (in press). Fauna recovered include Cavusgnathus

windsorensis Globensky, and the form-genus Diplognathodus. Miner's

Brook, Bellman's Cove, Lead Cove, and Dory Cove were also sampled but

only a single Oz element of;Cavusgnathus windsorensis was recovered

(written comm., Gerbel, 1981).

(111) Foraminifera - Two identifiable types of forams con-

_ slgtently occur within the biohermal limestones: (1) Biseriammina? sp.

and Earlandia sp. The forams are micritized and poorly preserved but

" relatively sbundant.

"5.4, Tlora

5.4.1. Macroflora

«

" . Plant ard tree debris in the Upper Miséissippian strata

on the Petinsula are typically too carbonized and poorly preserved to
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be identifiable. Organic carbon fragmen;s dre always found in the

sandstones of the carbonate/clastic and sulphate/clastic lithofacies.

&

They also occur 6nly in the Ship Cove West Butcrow alopig the south
. BEE

shore. Thin coal seams approximately two to tﬁn@jﬁéegﬁimetres thick

4

occur in sandstones of the Boswarlos . section, and in AguaEhuna Creek.
Well preserved macroflora samples were obtained in Blanche Brook

. ] . .
approximately one kilometre north of StepHenville, in Barachois Group
e’ N ) . i - ’

sediments. This location overlies a thin coal seam approximately 12

-0

centimetres thick previously mentioned Ey Murray -and- Howley (1881). - (//"
As of yet, the list of plant names is not complete, though an age

(see helow) was obtained (pers..comm., Forbeé, 1971).

’

I : 5.4.,2, Microflora

N

(1) Algae - Blue-green algae are present as discrete
" thrombolitic célumns (Fig. 60), and as encrusting layers covering other
fossils.in the biohermal limestones. Within the columns; chambers may
be discerned but differentiation into species was not possible. .

. _ Calcispheres~are rare to common within the bichermal lime-

.
. -

L
stones. They may range up to 200 micrometres but are commonly 100
- . - ' "
: e
wicrometres in diameter. No preserved specimens of dasyclad algae or.

othér calcareous algae have been noted.
X (1i) Mioséores - Miospores are comgom in the green limey

sandstones, all limestones, And gypsum, in the Lower and Upper Sequence

of the carbonate/clastic and sulphate/clastic lithofacies. The red- 17

?
|
[ s
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beds do not possess any preserved micspores though wood and uniden-

tifiable plant debris in fﬁe Ship Cove We-sth outcrop indicate the
- . presence of vegetation during deposition. Preservation of miospores
. ‘
varies from good te poor. The assembl'age of spores recovered (pers.
comm., Barss, 1981) include:
. : Rugospora minuta Neves and Ioannides

Schopfiteas claviger Sullivan
Rugospora polyphycta Neves and Ioannides

. o : Crassipora trychera Ngves and Ioannides . .
: ™~ Punctasporites planus Hacquebard
* . Retusotriletes incohatus Sullivan a
‘Vallatisporites ciliarus (Luber) Sullivan
Other forms include several undescribed species of
Discernisporites sp. and Spelaeotriletes sp.
5.5. Chronostratigra}hy Based on Fauna and Flora
. 7 - \77 “‘
¢ . ‘
All fduna and flora associated with the Carboniferous
gediments on the peninsula and at Romaines Brook indicate an Upper
Misgissippian age. The flora found in Blanche Brook indicate a West-
phalian C (Middle Pennsylvanian) age (pers. comm., Forbes, 1971). o
: The coal seam underlying these flora had been dated as Pictou-equiva-
¢ lent, or Middle Pennsylvanian (cited in Riley, 1962).
i . B i
o !l The fauna an;i' flora of the Codroy Group on the peninsula .
X . ‘ )
: are correlative with those in the Windsor. Group of Nowa Scotia (Hayes
g and Johnson, 19331\\ Thils has been verified by work of Sullivan (1940), '

S

Bell (1948), and von Bitter and Gerbel (in pr’éss).

]
e e e ah




(1) Macrofauna - Bell (1929) subdivided the Windsor. Group

of Nova Scotia into five faunal subzones (A to E). -The Lower Windsor

(A and B) was dis}tinguished by the presence of Compésita dawsoni,

“

whereas the Upper Windsor (C, D, and E) was charagterized by the

presence of the coral Dibunophyllum lambii and the abundant occurrence

of the brachiopods Martinia galataea and Martinia thetis (Bell, 1929;

Ps. 710). . This zonation by Bell (1929) was confirmed by later work done

in Nova Scotia by Stacy (1953), Sage (1954), -and Moore and Ryan (1976).
P;ior to this study, a mixture of Upper and Lower Windsor

fauna was recognized in Aguathuna "Island" (Hayes. and Johnsom, 1938;

Bell, 1948). Bell (1948; pg. 34) states:.

"', ..the fauna includes many species most commfonly
found in subzone B, e.g., (Beecheria) latum, (Ovatia)
lyelli, Leptodesma acidica, lLeptodesma dawsoni,
Edmondia rudis, (Paraconularia) planicostata, and.
Serpula annulata. But, in addition, the fauna includes
species, e.g., Martinla galataea, Ambocoelia acadica,
Spfrifer nox, and (Ovatia) avonensis that are indica-
tive of an Upper Windsor age."

(The® brackets surround generic. names now use’d,.as defined by Moore and
-8 .

*

Ryan (1976)). E .

Despite this strange assemblage of fauna, the age'of the

sediments was said to be "not older than subzane C and may be as young /

as subzone E" (Bell, 1948; pg. 34). Other localities studied such as

Big Cove, Boswarl'bs, and the coves to the east were considered to be

.

subzone B in age (Sullivan, 1940; Bell, 1948)., Several vgenera found

by Bell And others were nbt found by the author. This may be due to

5
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the localities being ''picked clean" of the fossils by later enthusi-
) .

astic collectors, or, in the case of Ag(iathuna "Tsland", quarrying

operations having removed pbrtions of the outcrop some of which may

have included areas where Bell anfi the other workers sampled.
N 1%

Detailed sampling has’ s’how}/ that tfre grey to grey-green
micritic limestone underlying the beige—colouredﬂ limestones, at Agua-
thuna "Island"” and Mistaken Cove, and within fissures and a collapsed

\

cave in Bellﬁan's Cove and Lead Cove respectively, have a fauna of

Upper Windsor affinity. The diagnostic fossil for this unit (Martinia

galatgea) is clearly restricted to this rock type. The associa‘ted,
but less abundant brachicpods are also restricted Eo this lithology

with one ex\(l:eption (Fig. 48). Similarly, the brachiopods Beecheria

ap. and the less abundant Comgos{ta sp. are confined to the beige

biohermai limestones. It would appear that in the Port au Port Upper '

Missigsippian gsediments, Beecheria.sp. 1is replacing Composita sp. as
the most abundant fossil (in contrast to the Windsor Group)-. '
E' . Lithéstratigiapbic relatiqn;hips :Lnd:l.catg that the grey
limestone is older thz;n, énd'equiﬁlent to, the belge-coloured lillne-
gtones; that 1is, it ig‘ found either at t\he bottom or sidés of the

depressions (Chapter 3). The presence of Upper Windsor fauna under-
lying or equivaléht to Low;r Windsor fauna suggests that the faunal

zonation established for the Windsor Group in Nova Scotia 1s npt'

S

applicable when used to zone the sediments on the Port au Port Penin~:

sula, . ,‘ , ) < . .
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(11) Miosgores — Further complications with the zonation

of Bell (1929) arise when the miospore data 1s coﬁsidefed The
assemblage of miospores found in the sediments correspond to the '

Assemblage Zone 1, of Utting (1978; E‘QBO), confined f;o the Lower ,

Windsor strata. The undescribed species of Discernisporites and
- . } .
Spelaeotriletes are not similar to species of the same genera described

by Utting (1978) 1in the Upper Windsor (written comm., Barss, 1981).

.

Therefore, Upper Sequence and Lower Sequence sandstones, Lower Codroy
as defined by the miospores, overly, or are equivalent to, the grey

micritic limestones which, based on Bell's zonation, possess an Upper

Codroy fauna.

. (11i1) ‘Conodonts- = The conodonts found in the Upper Missis-

sippian sediments have been assigned to the Diplognathodus zone which

is equated to Bell's subzone A (von Bitter and Gerbel, in press; and

written comn., Gerbel, 1981). One of the areas sampled .was the

biohermal limestones within Aguathuna "Igland". Therefore, again,

/
conodonts equated to the subzone A overly a lithology possessing Upper

Codroy (Windsor) ffauna. \/\

5.6, Facles Control of Fauna

. From the foregoing, it appears thdt macrofauna are
b

restricted to certain lithologies. Correlation of microfauna and

miosporés._ with macrofauna’ produge incompatible results. In Nova Scotia,

'd

—
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‘ the concep't of facies controlled fauna in the Windsor Group was
first put forward by Schenk (1967) and relterated by Kelley (1967).

The restriction of certain fauna qn‘ the Port au Port
Peninsula to the grey tﬁicritic'limestt)'ne suggests that they were
more tolerant of restricted cond.it,ions; that is, increased salinity
and/or a muddier ervVironment. The pr‘esehce of the monotypic Martinia
galataea shell bed, or cluster in Mistaken Cove, suggests that,
assum:lng'the bed wag ;\ot created by the.curr'ents sweep:ing together
the individuals, the species was opportunistic and quickly invaded
the locality with the initial mgrine transgression. With the influx
of more "open" and possi\.bl'y_ turbulent waters (bi;Jhemal limestones)
the species disappeared completely., probably due to competition by
Beecheria sp. which was more suited.to the‘ changed environment. This
concep;; has also been used by F,'Drsich‘ anﬂ Hurst ‘(1‘..380) to explairi the

/

‘colonization patterns of marginal marine epvirgnments by articulate

brachiopods. _

Martinia galataea may also be considered more suitable

"for feeding 1in muddy substrates with 1ts strongly folded shell, as .

opposed to the smooth forms of Beecheria sp. and ComBosita 8p.,

s

another spirifer (Flirsich and Hurst, 1974). Such conditions would be
found in the more protected portions of the coves guch as the fissures

and underhangs along the side walls where muds would preferentially

be deposited. ’ -
ES




. - Correlation with the United Stdtes and England

Correlation of the age of the Lower Codroy sediments on

the Port au Port Peninsula with similar strata in the United States

and England is figured in Figure 61. Utting (1978) recognized a gimilar

assemblage of miospores‘ 1r.1.Britain, vl.'ithin the Arundian stage of the
Dinantian, to his Assex'n’blage Zone 1. He considered the zone to be as
young as Holkeriaw or Asbian.- Bell (1929) correlated the macrofauna
with the Viséan of Belgium and England., 1In Englanc_l, ’the Upper Caninia
(CZSl) zone to the Lower Dibunophyllum (Dl) zone i;: correlated with
the Lower Windsor Group.

With respect to the United States, the Lower Codroy appears
equ'ivalen.t to the Early to Middle Meramec of theiMississippian. This
is based on .the correlation of fauna betyeen Britain and the. United

!

States by George et al. (19767,

Bell (1929) noted that the correlation of Nova Scotian

bréchiobods witﬁ brachiopods of similar age in the United States was

tenuous, and that a much better correlation could be made with fauna

v

from Britain. This lack of correlation is considered to be due to a
faunal barrier, the exposed Appalachian‘belt, dividing the Atlantic

Carbontferous; basin from the mid- and western United States faunal"

provinces (Bell, 1929).
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auna Peculiarities on the Port au Port Peninsula

+8.1. The Peculiarities

The Upper Mississippian sediments ére notai:le for the
excellent preservation of fauna, the enlarged size of certain species,
and’ t":he retviuc.tion in diversity and total absence of certain species.
It is '1nr;érpret'ed here that these pecullarities are goverﬁed by one

~ controlling factor:" thé presence of a marginal marine depositfional
‘enviromment with fluctuating salinitiés.

Many of‘ the fossiyls can be removed as whole, intact,
specimens. The inside structures are typically flissolved, the shells
recrystallized, and infilled with qombination of silt, coarse spar
or sulphide/sulphate mineralization.

The size of some £o0s8sils with those describe‘d'by‘Bei‘l

(1929) rind‘i_cates that several species tend to be much larger; e.g.,

vell presérved conularids may be as much as 10 centimetres in length.

Other good examples are Martinia palataea, Beecheria sp., and o

Pteronites "gayénsi.s. Not all individuals conform to this generalization.

There appear, However, to be enough large forms for this peculiarity to

be recognized.

' .

The mogt peculiar aspect of these sediments is the

absence, or reduction in diversity, of certain fauna in comparison to

”

4
fauna collected by Bell (1929) in Nova Scotia. Absent from the sedi-

ments are:




(1) true cofals
(11) fragments of cé%pareous algae
(141) crinoids/echinoids.
Reduced to a few individuils are: (1) cephalopodgs.
Reduced to two genera are: (i).for?msr and (i1) conodonts.
The complete absence of corals, and crinoids/echinoids,
from these sediments indicates somewhat unusug& marine conditions;
the reéduction of cephalopods to a few individuals aiso suggests such
conditions. The absence of large numbers of trinoids and echinoids*
is found throughout the Codfoy and Wirddsor Groﬁps in eastern Canada
(Bell, 1929; 1948). This'is in complete contrast with equivalent to
slightly older rocks both in Britaln and the Uﬁited States where {
crinoids aré an integral part of the fauﬂal assemblage (Wilson, 1975).
The low foram and conodont diversity suggests that the environﬁent was
not of normal marine conditions but one of high stress, excluding a
large qumber of gpnera that were abundant at this time in the Missis-
sippian. The conodont Cavusgnathus sp. 1s considered to be restricted
to near-shore enviromments (Higgins, 1981). The numerous peculiar
large worm? tubes also suggests an odd environment. This latter fossil

does not appear to have been reported elsewhere from Carboniferous

sediments.

The presence of only a few cephalopods is of great impor-

tance when considering theAfaunal heirarchy. Missing are obvious
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numbers of this primary predator. The reason for the numerous
cbmplete articulated brachiopods and other fauna may be the reduced

to complete lack of predation of this organism.

5.8.2. Discussién

As faunal control by lithology is well defined in the

Upper Hississipp%gn sediments along the northeastern shore of the
peninsula, the diversi;y and numbers of each phyllum may also be
controlled by the overall environment.

The carbonate/clastic and sulphate/clastic lithofacies

have been interpreted to represent near-shore marginal marine 1

environments (Chapter 3). The changing lithology of the intermound

»

sediments in the Iower Sequence biohermal limestones, and the change

in lithology from limestone to sandstone units within the Lower
Sequence, suggests that physical pafaméters weré continually changing,
strongly 1hf1uenced by the.fluvial clastic sedimentation. This type
of ehvironmentrwould stress fauna and flora andlremove the forms
‘1ntqlerant of changing conditions (e.g., salinity being the most
_1mport§nt). These forms would include corals, crinoids/echinoids,

and various calcareoys algée (Tasch.'1973). The environment wguld

also reduce the diversity of the remaining marine fauna, suéh'aa

forams, conddonts, cephalopods, to only the more tolerant forms.




D

.Cigantism of fauna 15 usually attributed to environmental

influence (Brouwer, 1967). In the Port au Port example, the nutrient-

rich waters draining the exposed landmass, and the abnormal salinity

S

conditions may have been factors.

5.9. Environment Interpretation Based on the Occurrence of Fauna and
Flora

The genera within the biohermal limestones are recognized

as shallow water fauna. Recent studies indicate that some articulate
brachliopods and bryezoans are..capable of colonizing slightly saline to
]

" brackish environments (McKinney and Cault, 1979; Furisch and

Hurst, 1981). The restriction of Martinia galataea and other associated

fauna to the grey arenaceous limestones on the Port au Porf

Peninsula is therefore either a function of mud content and/or salinity.
* The biohermal limestones are a more open environment though influeﬁced

by salinity changes.

. The Upper and Lower Sequence sandstones may’contain
ostracodes but always'plant and wood debris. The ostracode diversity
is lower in the sandstones than in the biohermal limestomes (pers.
comm., Dewey, 1981) suggesting an envircnment of increased stress.
Plant and flora content as well as sedimentary structures in the sand-

stones (Chapter 3) suggest a fluvial influence, probably indicating a

brackish environment where fresh and marine waters were mixed.

?




A similar relationéhip of aiternating\marine/fluv{hl
environments occuts'in the sulphate/clastic lithofaciés. Few fossils
of ostracodes, and crustaceans, are found in the arenaceous Limestones
whereas abundant ostracodes and fkora occur in the interbedded sand-
stones. Evidence of early gypsum in the limestones beds suggest
salinities were higﬁer than those in the gangstones. Again. this 1is

interpreted as suggesting the Influence of fluvial conditions reducing

the salinity of the environment as clastics and plant debris are

deposited,

)

.Along the southshore rare plant debris occurs fn the
red-beds. This, along with gedimentary structures, implies a com-

pletely terrestrial environment for these deposi;s.

5.10. Summary

It 'is apparent thé; the biostratigraphy eétablished in
Nova Scotia for the Windsor Grqué is 1napp1icab1e as applied to the
Port au Port Peninsul&. This in'tgrn.has implications for the validity .
of macrof;unal subzones and resultant stratigraphic interpretation,
As the macrofauna are facies-controlled, the brachiopod Martinia
galataea cannot be'used in a detailed tiﬁe—stratigraphic sense as Bell

(1929). It would appear that the only good‘contrél‘on age may be
-

(=
miospore zonation.
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The enviranment of erosltion‘for the carponate/clastic
and sulphate/élastic lithofacies 1is suggested to be a near-—shore
shallow water mari;e environment epilsodically influenced by fluvial
clastic depositiqn. This influence creates fluctuating chemical and
physical conditions such that éhanges iq the enviromment from hyper-
saline to brackish ocecur. This.fluctuation 1s intgrpreted to restrict
fauna in numbers and diversity. Notably absent are true corals and

\ : w .
crinoids/echinoids which cannot tolerate such conditions. The presence

[y

of bryozoan- and brachiopod-rich sediments in an apnormal marine envi-

‘ronqent addd to the-increasing fecognition that these fauna, nermally

“#considered open marine, may colonize brackish to hypersaline enviromments.




S136- .

AN

-

CHAPTER 6

BRYOZOAN/ALGAL BIOHERMS

6.1L. Introduction

¥ ' = )
In the Early Carboniferous, carbonate mud mounds -(called
7T
. ‘ / o)
Waulsortian mud mounds from their type locality in Belgium) developed

in what 1s now the Unitgd States, Britain and Europe (Wilson, 1975).

These mounds are mud buildups characteristically containing crinoia

and bryozoan debris, and developed in open marine facies. The bio-
genic buildups 1in Upper Mississippian strata on the Port au Port.

Peninsula (this study), in southwestern_ Newfoundland (Knight, 1976),

f

and buildups with similar affinities in Nova Scotia (Giles et al.,

1978) differ from the Walsortian mounds in structure, lithology, and -

assoclated sedimentary faciles.

’ Y The carbonate/clastic lithofacies in the northeast part

~

of the peninsula, and equivalent litholégies in Big Cove, represent

b

bioherm development in é shallow-water marine environment which was

periodically dominated and always influenced by fluvial clastic sedi--

mentation. These areas of marine/fluvial deposition were contempora-

neous with basging of evapofite depogition and alluvial fan development.

Thus, the carbonate/clastic lithofacies is part of a complex interplay .
of terrigenous aﬁd marginal maripe environments that developed immed{i- |

ately adjacent to, and on the ‘edge of, an exposed highlard. ] .
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6.2. Intermound Sediments

Three different 1lithologies cou;prise the sediménts
deposited with the bryozoan/algal buildups in the Lower Sequence of
the carbonate/clasthic 1ithofacies: 1) litl;estones; (2) calcareous
sandstones/shales;‘and (3) black 'shaley limest.ones.

(1) Thin to medium, well bedded skeletal and pelletal
wackestongs to grainstones, and pebble 1imgstone breccias with a pack-
stone matrix (in Big Cove) may surround the ﬁounds. The. fauna is
typlcally douminated by mélluscs and ostracodes, Local concentrations

)

of brachiopods occur as colonles and in discrete beds (except in Big

Cove). -Other allochems in these sediments are pellets and minor

intraclasts. Bloturbation is common although not 80 extemsive as to

destroy l;edding. " These intermound sediments onlap onto, and drape

over, the mounds and may exhibit marked lateral thickening away from
a mound (Fig. 62). Pinchout of thie strata either against or/nfﬁex; a

mound are common, though less extensive when associated with the

smaller mounds. ©

(2) ‘Calcgreous sandstones and shales, with associated

arenaceous” limestones, described in Chapter 3, comprise. a major part

- ~
" of the Big Cove cliff section where they surround and overlap hicherms.

(3) Thin fissile beds of black shaley limestone underlje
and overlieseveral bioherms in Mistaken Cove, as well as interfingering

.

with limestone intermound sediments in a thick drapé structure on the
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‘of siliclastics. Poor exposﬁré of this unit prevents conclusive evi- -

south wall of the cove. Loading structure due to overlying biohermal’
limestones may cause pinch.and swell fabric within the shaley lime-
stone beds (Fig. 63). Thowgh black shaley limestones. are found in

sections at Boswarlos and Big Cove, ‘they do not occur as intermound

sediments.

6 L2.1. Dis::ussion

The onlap and drape relationships of intermound sediments

with the Quildups indicate .that biocherms possessed positive relief

- -

duting !sedimentation. It is difficult to estimate the percentage of «
relief (&E any particular tiﬁe: however, some mounds ‘may. have possessed
up to one or two metres relief on the.sea’fioot. . Positive relief of .

the biostromal limestone (upper ur.li_t of the Lower Sequence) was pro- ‘

bably no more than tens of centimetres. Biostrome-intermound relation-
ships suggest that regions of the sealfloor dut;l.ng this period of

deposition were "islands". of bilogenic buildup withrAsurrounding channels?

dence.

I

B

The altei‘ﬂating moun;.fl ‘development and black shaley '11me—

stone, in Mistaken Cove, is interpreted as being caused by changing
Y 4 :

<

salinity cénditions, restricting fauna growth andf/or changing physical
energy conditions within the deprgésion, allowing the deposition of mud and °
creating rather. turbid cénditions for carbonate development. Mistaken

. [
Cove, unlike the adjacent coves, does not haveﬁ'h extensgive incise_d.




FIGURE 62: Intermound sediment, fossiliferous carbonate and
black shaley limestone, are sandwiched between two .
mounds ( M and arrows) in Mistaken Cove. Note the
sediment drape and thickness increase away from
the lower mound. Hammer for scale.

FIGURE 63: Load structures. ‘Pinch and swell of black shaley
limestone (B) due to load of biohermal limestone (A).
This package of sediment overlies more biohermal
liMestone (C). Mistaken Cove. Hammer for scale.







'karst; valley extending inland from the coast. Within the adjacent
co;res, it {8 interpreted that fluvial deposition of sandstones was in ,
part contemporhneoua with the biogenic buiidups aldng the deptegsion
walls (Chapter 3). Therefore, the lack of a valley south of Mistaken
Cove, may have 1restricted thé fluvial influence to mud and silt
depz;sition. The middle unit of the Lower Sequence, however, is

; repregented in the cove overlying the méund-shaley limestone sec;uence.
\ ’ . This suggests that during periods of increased fluvial activity (lower
sea level?), the cove, as with others. in the region, was inundated by

fluvial sedimentation.
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6.3." Biogenici Buildups

Ay g mpy

6.3.1. Physical Shape and Size

e e
ol

. B iogenic buildups, in the form of bryozoan/algal baffle-
A stones are found either as: (1) discrete mounds within intermound

sediment; or as (2) large bilolithite masses with little or no inter-

 mound sediment, generally plastered up against the walls of depressions .

o

(Bellman's Cove and Lead Cove).

’

. ; The buildups vary considerably in size and shape generally

having an irregular polygonal cross-section (Fig. 64). Both three-

i, O W WA

dimensional and plan views of the mounds are rare due to cover by soil

P SN

and vegetation, or intermound sediment overlapping these structures.

'

£, s g

- gty




FIGURE 64:

A GILLAM'S COVE

B AGUATHUNA ISLAND
C 81G COvE

D MISTAKEN COVE
E BELLMAN'S COVE
F BIG COVE

(G BELLMAN'S COVE
H AGUATHUNA ISLAND

CROSS-SECTIONS OF MOUNDS,
INDIVIDUALS AND COMPLEXES
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Isolated mounds are generally biconvex ;n cross-séction whereas those
aggoclated with mound complexes azre 1rr;agu1ar to lensoid in shape.
The biolii:hi;:es attached to walls of depressions‘ are the largest!
buildups prgserved in the study area . and tend to be roughly rectangular
(higher than wide) in shape.

Mounds in the lower li;meatone unit of the Lower Sequehce
exhibit sharp boundaries with the intermound sediments. Mounds ir{ the
biostromal unit (ﬁpper unit of the sequence) in contrast have less
distinct boundaries and grade laﬁerally into the biostromal limeqtone.
Mounds in any of tl.xe'units may be isolated or vertically to horizon—
taAily stacked to form a b_:lbherm cc;mplex.' ‘Within small depressions a

mound complex may completely fill the depreésion.

o

6.3.2. Composition

The blogenic builgups_ are made up of: (1) skeletal ele-
. \
ments; (i1) syn-sedimentary cement; (111) fauna/cement strucfures;
(1v) intracement sgdiment; and (iv) geopetal sediment.
, . :

* (1) $keletal Elements — Carbonate mounds are typically
I R

gi;‘mposed of the trepostome bryozoan Stenoporellal? sp. and/orfcolium'nals
":c'>f biue-green algée. Bryozoans may be found as upward branching free—
‘ standing '"bushes” or? a; encrustations. In thin section, each branch
of a bryozo;n "bush” may be composéd _of séveral, vertically stacked,
.genérations of encrustation (Fig. 65). .

l "rDigitate algal coluﬁnals exhibit'ing poorly preserved

r

internal structure occur in prone to vertical orientations (Figs.

60 and 66). Internal structure may appear as slightly inflated chambers
. X !

u
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with micritic walls. Vague laminations of these c.hambers roughly
perpendicular and/or parallel to the grdwtﬁ directior'\ of the columnal
may occur. More cémonly, the structure resembles the clotted
texture of a thrqmb'olite (RFig, éﬂ).

Both bryozoans. and ‘al‘gae in turn encrust other organisms
such as worm tubes, ostracods, molluscs, and brachicpods, or one

"another.

Spirorbis caperatus and the large worm? tubes are

. J

locally significant in the buildups. Algae and bryczoans ‘encrust

both, and 1in some cases use the fossils as a base for colony growth.

Spirorbis caperatus and the '1arge. worn? tubes may also be the sole

fossil types in a buildup (Fig. 68). Other fauna associared with the
mounds are listed in Figure 48 under the heading "beige-coloured

limestones'. Typically faunal variation between mounds is negligible.

(11) Synsedimentary Cement - Surrounding the bryozoans,

aigae and Spirorbis éapefatus are thin (less thgn 50 microns) to
thick (several tens of miilimetres)‘ laminétions of féscicular—opt;c
calcite and/or‘equant pseudogpar. Thése are Interpreted as neomorphic
'repiacements of early cements (see Chapter 8 - Diégenesis)'.

The fascicular-optic calcite coatings are usually'émooth—
edged and comnect adjacent faunsal elem;ants 1éaving potenti;l cavvitiea‘
or pore spaces which are filled by later geopete;l sgdiment. The
multiple cement generations are defined by thin micritic laminae which

can be traced from one coated structure to the next. IA outcrop,

1




FIGURE 65:

FIGURE 67:

FIGURE 68:

&

Bryozoan bushes composed gf vertically stacked
encrusting Stenoporella? sp.. 'An algal thrombolite
(arrow) is also present. Scale as shown,

Prone blue-green algal throwmbolites grow right
to left in biohermal limestone. Bases of several
'colonies' are apices of the outlined areas on the-

. photograph (e.g., at arrow). Scale bar is 10. centi-

metres,

Detailed structure of algal throwmbolite. The
poorly defined chambers give the structure a

fuzzy appearance. Photomicrograph with plain
liéht. Scale bar 1s 230 micrometres.

Structures (outlined by dotted line) composed of
cement (open arrow) and Spirorbis caperatus (solid
arrow) may occur in bichermal limestones. Photomicro-
graph with cross-polarized light. Scale bar is 500
micrometres.

@
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these laminae, beige to yellowish-white in colour, can be traced for
tens éf cehtimétr;;. In many cases, there 1s no visible fossillgore
_to many oflthese cement structures, and in thin se€ction, under cross-
polarized light, the structure appears as a spherdlite (Fig. §9A).'
In hand specimen, this cement is a dark beige to brown lamina;ed to
ngn-laminated coating. Cements mayrcomprise up to 60 percent of a
mound .

The micrite laminae may also surround discrete "bodies"
of brown-grey to beige coloured cryatalline mudstone (Fig. 69B). 1In
thin section, the mudstone 1is pseudoafar. These spar bodies are

. irregular in shape as defined by thé bounding laminae, and oftén have
a wavy to contorted outline (Fig.  69C). Several of these "bodies' may
be stacked in such a manner that each subsequeﬁx cement generation is
’

built away from the core {(whether skeletal or sediment).

(111) Fauna/Cement Structures

Intergrogths of cement and skeletal elenmerits produced
rigid structures around which sediment was deposited. Often the outer
edge of a fascicular-optic calcite fauna/cement structure is lined
with discontinuous crystallites? of posaiblé manggnese oxide. This
rim may be in contact with intramound sediment, or late stage phreatic
cement (Fig. 70).

(iv) Intracement, Sediment

Intracement sediment includes peloids, skeletal debris

‘(whole-shelled ostracodes forams, and Spirorbis caperatus), micrite

and féw_angular quartz and feldspar clasts (Fig. 71).a The distribution
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FIGURE 69A: Spherulite strucQures (a). Originally composed of
possible magnesi calcite cement, these structures
show no faunal or)sediment core arcund which the
cement precipitzted. Coarser crystalline cement
appears to infill voids between these strixtures
(arrow). Photomicrograph with cross-polarized
light. Scale bar 1s 500 micrometres.

. FIGURE 69B: Micritic laminae (white in photograph) ,define
non-geostrophic to geostrophic (vertically
stacked) mudstone bodies (grey in photograph).
Large dotted, arrow indicates geopetal? micrite
f111 surrounding finger-like mudstone stuctures .
(large white arrow) composed of laminae and ' :
mudstone. Various size micritic laminae, shown

. by smaller arrows, may be found. Photograph of
. a slabbed hand sample. Millimetre rule for
scale,

FIGURE 69C; Depaills of micrite laminae within mudstone, as
in FIGURE 69B. Pseudospar and rare peloids occur
between the laminae. Very similar geometries o
occur in FIGURES 83, B4, 'and 85. Photomicrograph ’
with plain light. Scale bar is 230 micrometres.
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of sediment within the cement may be dispersed, concentrated to form

e S

clotted textures, or as laminae which exhibit the same orientation
as the cement laminae. Intracement matrix is sporadic in distribution.

(iv) Geopetal Sediment

-

This sediment 1s characterizgd by multigeneration sedi-
mentation (Fig. 71 and 73), and variés in composition from bioturbated
micrite to blosparite. The most common allochems are peloids; skeletal

“fragments and/or whole shells of molluscs, brachiopods, forams, and

ostracodes; intraclasts (some of which are fragment; of thg\iif::ted

" structures); and less than five percent quartz and feldspar grafns. -

Sﬁirorbis caperatus 1s\notable in its absence from this type of sedimént.
Each‘s§cce§siVe deposit of sediment is recognized by a graded sequence
and has a geopetal fabric. Subsequent generations of sediment become
more micrite-pellet rich: the skeletal content decreasing very abruptly.
Microspar occurs as a geopetal fabric within last gtage coarse calcite
cement infilling pores, and‘commonly in the last sediment generation
‘underlying the above fabric. In some mounds, thiﬁ beds of euhedral
gypsuﬁ crystals occur near the top of the graded seq;ences (Eig - 72).
Fascicular-optic isopachus cement 1is usua&ly‘found between

sediment generatidns and as an iatraparticle cement in packé;ones or
grainstones within the mounds (Fig. 73). Towards the top of each

. e

generation of sediment the cement increases in apundance. Contact
: <y “ B

between the faung/cement structures and these sediments is always sharp




ILarge scale micritic laminge (large arrow) within
blomicrite and coated with possible manganese oxide
“(black in colour). A central cavity displays two
geopetal sediments (1 and 2) and late stage calcite
cement (white). At A, complex geometry and stages of
sediment infi11 within cavitles is evident by the -~
various laminae. Field photograph. Scale bar 1is 10
millimetres. ) .

FIGURE- 71: IAtracement matrix, along with cement, form rigid
structures (e.g., above scale bar). Intermound
sediment, composed of four generations (1, 2, 3,
and 4), is capped by late stage cement. Note the
abrupt decrease 1in allochem percentage between the
first and second sediment geneérations. Photomicro-
graph with cross-polarized light. Scale bar .is
1.5 millimetres.

'FIGURE 72: Euhedral anhydrite/gypsum crystals within geopetal
! gediment (arrow). Photomicrograph with cross-—
polarized light. Scale bar i5 230 micrometres.

’

FIGURE 73: Well preserved mulfigeneration cement and sediment.
) At least seven generations (bottom of photograph)
of sediment possess cement-enriched horizons. These
horizens occur -primarily at the top of each generation
(arrows). In the upper left of the photograph (arrow),
a fauna/cement structure appears to have blocked the
flow of: sediment (no sediment occurs to the right of the
‘structure). Photomicrograph with cross-polarized
" light. S¢ale bar is 1.5 millimetres.

'Reworked' geopetal sediment. The infilled worm? tube
(open arrow) displays an early ‘lithified sediment
(dotted arrow) inverted with.respect to later geopetal
sediment (a). Small arrow indicate tops of each
respective sediment infill., Ia the upper left of the
photograph, another warm? tube shows only earlier
inverted sediment. The remaining porosity in both
tubes is filled with late stage calcite cement. Field
photograph. Scale bar is shown in inches.







and well defined (Figs. 71 and 72). It 1s apparent that there is

much more ce;llent éssociated with the fauna/cemént structur'es than
with the multiger;erations of matrix. The cement laminae in the matrix :
are not part of the fauna/cement structures, and it is apparent that’
the development of these structures was near completion .prior to the
matrix dt;posi‘tion. In a few examples, ce?ent laninae comprising part
of a structure do oiverlie matrix; however, this 13 not common.

| "Reworked' geopetal fabric (Fig. 74) and evidence that
thg cemented strictures were actively blocking sediment depoéition
(Fig. 73) are two other features associated with the second type of
matrix. Moat geopetal fabrics with brachiopods, mounds and worms?
tuses are otiented horizontally to shallow subhorizontally with

respect to the present sea level. Within the worm? tubes, the fabsic
is usually parallel to the llength of the tube. Geopetal fabric of
differing orientations (some inverted with respect to the present

sea level) may occur within a single worm? tube. This indicates

earlyt lithification of the initial matrix prior to subsequent reworking

of the fossil, and infill by a second sediment generation. This fabric

also suggests that the worm? tubes are rolling freely on‘the sea floor.

6.4, Discussion

The following sedimentologic and diagenetic criteria
suggest that the buildups within the Lower Sequence were rigid positive
features on the sea floor, and that this was :Ln, large part due to eérly

lithification:




intermound sedil;lents show on_lap onto and drape

over the mounds; some drapes originating from a
mound thickgn dramatically away from the mound
-along the fi'ank; | |

Afragments of the mounds may be found in an ox?er-
lying unit (e.g., the siliclastic unit of the

Lower Sequ”ence)-as well as in intramound matrix;
fagcicular—-optic calcite, and pseudospar, ASgociatgd
with micfite laminaé, are interprgted as neomorphic
replacements_ of early cements, and are i>ervasive

throughout the mounds coating and cementing together

bryozoans, algal colﬁmnals and early matrix sediﬁzent;

the cement and skeletal elements form a framework

" around which the matrix is depositedr;'

multigeneration internal geopetal sediment, decreasing
in skeletal content fnd becoming nlor_e nikritic V
towards the top of each gr;ded liayer éuggests a con-
strici:ion of sediment flow related to the changing
pore size and permeabilit); of a rigid cement framework;
evidénce that sediment being deposited within the '
mound was actively blocked by a rigid c.ement' structure;
multiple geopetal'orientatipns within worm? t.ubés
suggest early lithificationg syn-__se#imentary cementa-~

tion by fascicular-optic calcite is .associated with
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,mulﬁigenerations of matrix; the 1ncreasirng”abundance
of this cement towards the top of eaci'l se‘diment‘
.generatio‘n, suggests that pulses of sedimentatioﬁ
inhibits cementation;

- (7) sharp boundaries’ betﬁeen the. cement and the inter-
stitial matrix occurred prior to deposition of.a the

matrix;

(8)  the orientation of Spirorbis caperatus within the

fauna/cgment structures suggest that the worm was
encrusfi‘ng a hard sgbstrate.
Mounds developed in a neartshore environment would probably

be affected by wave action, tides, and storms, which w'ouldr create a
cdntinually aglitated envirqnment: This agitation would h'ave.suff‘i::ie'nt'
energy to prov;de a pumping action to drive the several generatio"ns of
sediment into the pore;s a_nd caviti'es of the mounds. Other processes
that may be involved in prod‘ucing.the' sediment are: (1) sediment
fallout, after a pefiod of agitation, percolating into the cavitiles,
and (2) intramound generation of the sediment. This last process, 'hﬁw-

ever, would not adequately explain the several génerations of fining

upward sediment sequences as observed. As a mound accretes, the grain

size of the interstitial sediment is determined by the changing fabric
of the cemented framework.. Thé centre of a bicherm c‘ould receive only

the finest material whereas the edge would receive coarser skeletal

material. .
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One peculiar aspect of these bioherms and intramound

sediment is the lack of boring. Th occurrence of Spirorbis caperatus

apparently encrustiglg the fauna/cement structures suggests that cemen-
tation. provided a hard substrate. Tt is possible that the miercenvi-
ronment on the cement surface occluded boring organisms,

In summary, these bioherms are interpreted to. have formed
from abundarit',synsedimen»tary marine cements coating ‘skeletal, elements.
The‘ subsequent fauna/cement framework was a labyrj.nth of interconnectr\d
pores and cavities thch effe'ctively trapped sediment. Seawater pumping,
and/or sediment fallout from periods of agitatioq are interpreted as
the mecMnisﬁs which provided multigeneration sediment that was trapped
within the mounds according to _the changing f;amevork fabric of the
bioﬁems; At times of quiescence, ﬁ:arine cementation lithified the

n intramound sed:fment. Buildup of geoﬁetal sediment ' in the more con-
stricted cavities pr'oducegl microenvironments of high salinity in which
layers of gypsum crystals and nodular gypsum Qere occasionally precipl-
tated, whereas in -the more open cavities, oxidation .prociuced a manganese

. coating at the cement/seawater interface. |
| ’

6.5. Mound Development in the Lower Carboniferous

s ’

"Bioherms in the Upper Hissisaippian sediments in the Port

au Port region are almoat contemporaneous with the Waulsortian-type

g . mound development in the Lower Carboniferous in the United States

A
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(e.g., Pray, 1958; Troell, 1962; Cotter, I965), England (Parkinson,

1957; Bathurst, 1959), and Ireland (Schwarzacher, 1961; Lees, 1964).

Similar mounds are also found in Fran;:e, ﬁelgium, and parts of

central Europe. Waulsortian mounds are characterized by sparse

crinoid and bryozoan fragments within a mud matrix. ' The mounds are
generally found in an open marine shelf-margin facies, or open shelf
. facies, with negI’igibL’e Influence from an .exposed landmass (Wilson,

1975). The size of the buildups varies considerably from tems to

hundreds of metres in thickness and hundreds of metres in leﬁgth.-

There is no preserved skele;al framework, or barffle structt;x;:e, nor
any visible evidence of egrly multiple generations of syn-sédimentary
cement such as the fascicular*bpfic caleite in the Port au Porl‘:ﬂ
mounds. Early lithification is suggested by redeposited ”fragments of
the mound facies aldng the periphery of a mound (Sch\urucher, 1961).
Other features that may be assoéiated with t;h;e mounds lare stromato—
tactoid structures (z;bra rock). It 1is tﬁéuﬂ'\t that the sparse )
crinoids and bryozoan ft.agments are feumants of colony of baffles‘ that

., were not pres-erved. Sea grasgses may also have helped to stabllize the

muds. Halos of crinoid debris may surround the mud mounds lending

support to the idea of crinoids originaliy acting as baffles (Cotter,
1965).

.

It 1s apparent that the Port au Port mounds are unlike
the Waulsortian-type mounds in size, lithology, and palaeocenvironment.

One exception is a mound that is underlain by an outcrop of zebra rock

R e

in Big Cove Creek. The zebra rock may be acting as the basal part of

fyiites

éhe mound . : . ?




Mounds similar to those on the peninsula occur in south-

P e e e e

wvestern Newfoundland in the Ship Cove reglon, and inland to the
southeast (Knight, 1976)." At Ship Cove, the Cérmorant Limestone,

a black b,ryozoan—brachiopodbrich limestone 1is laterallSr equivalent to,
and overlain by, evaporbiteé and/or evaporite-rich siltstones. It attains
a maximum exposed thickness of 15 metres and 'e?(tends laterally

for at least several hundred metres. In thin section, there are similar
cement textures to those in the Port au i’ort mounds. Althougﬁ ﬁell
(1948) commented on the fauna within this limestone he did not con-
sider it as a discrete mound or reef. Kﬁight (1976) reported the
occurrence of a black patch reef on the North Branch of the Gr;\nd
Codrby Rivexf, southeast of the Ship Cove regton. No description of

its lithology vas giveh, but it is ﬁsuumed correlative to the mound at

Ship Cove. Bryozoan-algal carbonate banks in the basal Windsor

Group in Nova Scotia are mentioned by Giles et al. (1978), but, unfor-

tunately, the geometry of these banks (or mounds?) was not fully

described. Thin sections of the bank facies, as depicted 1in photo-
graphs within the report‘, look very siﬁilﬁr to structures within the
mound facies of the Port z;u Port mounds. 1In all the above examples,‘
red-beds and evapofites are either lateral eguivalents, or overlie the

bioherm (or bank) facies,




6.6. Compa}ison with Upper Carboniferous Reefs in the Canadian Arctic

In the Sverdrup Basin, as exposed in northwestern Elles~
mere Island in the Canadian Arctic, Upper Mississippian to Permian:
strata record the change in sedimentation frqm the initiation and
deposition of non-marine red-beds (Borup Fiord Forﬁation) through
shallow wate; evaporite and limestone deposition (Otto Fiord Formation)
to deep wﬂter and foreslope carbonates of the Hare Fiord and Nansen
Format;ona, respectively (Davies, 1978). Carbonate mounds are pre-
served within the‘evaporizes in the Otto Fier Formation and in the
carbon;tes of the Hare Fiorleormation and Nansen Formation.

Within the Otto Fiord Formation, the mounds are primarily
.composed of tubular algag, though otﬁer marine fauna including brachiﬁ-
pods and fenestréllid bryozoans are‘asaocigted (Davies, 1978). The
algal mounds are boun&e& by thin ligestone units that sit within thick
evaporitic sequenc?s. Towards the basin margﬁns. the red-beds of
the Borup Fiord Formation intertongue with the evaporite/limestone

succesgion of the Otto Fiord Formation.

Within the basal Hare Fiord Formation well preserved

fabrics occur in bryozosn reefs. Isopachous multigeneration cement

and sediment are common (Davies, 1977). . Encrustation of the esrly

cevent by marine organism in these reefs is analogous to the inter-

preted encrustation of cement by Spirorbis caperatus in the Port au

Port mounds. ' An interesting aspect of the cements described by Davies




(1977) is the Qccurrance of\micritic<léminae which separate genera-—
tions of cement; Thgse laminae‘are_similar, both in composition and
'orientation, to fhe laminae found throughout the Port au Port mounds.
A more detéiiled compar;son and discussion of cements is given in

Chapter 8 - Diagenesis. ) .

6.7 Summary

Hound development as recognized ih the ﬁpper Hissiasippiaq
sediments on the Port au Port Peninsula represents one style of bio-
genic buildup that occurreﬂ duringv Ea‘i'ly Carboniferous time. It is
apparent that ;hese mounds differ from the typical Waulsortian-type

mounds which are considered characteristic of this time interval

(Bathurst, 1975; Wilson, 1975). The Port au Port mounds show ‘similar

textures and faciés relationships to described mounds And reefs in the
Upper Carboniferous in Arctic Canada; A peculiarity of the mounds and
~ intermound sedimenfs in the Port au Port region 1s the lack of crinoid/
echinoid debris which is ubiquitous during the Early Carboniferous in
United States am:%x Europe. This peculiarity is general bin the Upper

Migsfissippian sediments in Nova Scotia and southwestern Newfoundland

[

-(Bell, 1929; 1948) indicating that the marine sediments tepreseﬁt

abnormal salinity and/or physical conditions.




CHAPTER 7

SULPHIDE/SULPHATE MINDERALIZATION OF THE
UPPER MISSISSIPPIAN SEDIMENTS

7.1. Introduction

On the Portsfu Port Peninsﬁla, un?condmic sulphide and
sulphate mineralization occurs as ;tratabound deposits associated
with Upper Mississippian sediments, and as vein deposits which cut
both Ordovician and Upper Mississippilan strata.

-Compilhtiodﬂofrtﬁé mineral types and occurrences related

to the Upper Mississippian strata is given in Douglas (1976; p. 73-74).

There is no attempt in this study to'éompile or synthesize the previeous
Uori, mainly by private.comﬁanies, concerning various aspects of the
minerglized sediments on the peninsula. Mineral evaluations over the

lgst hundred years has produced a voluminous amount of literature and

the reader is directed‘to NTS Geoaéan‘1979; Newfoundland, for the

- most up—to-datg bibliography. The dbserved stages of mineralization

which occur in the Codroy strata, arelpredicated on the detailed car-
bonate diagenesias, which 18 fully discussed in Chapter 8. For the purpose
.of the foilowing diécussion, the reader is directed to Figure 102, p. 192,

which places the timing of mineralization in context with the overall

diagenetic sequence. _ : ‘

7.2. Distribution and Types of Mineralization

Sulphide and/or sulphate mineralization occurs as strata-

bound deposits within the carbonate/clastic and sulphate/clastic

v

lithofacies along the northeast coast of the peninsula, and at Romaines




] : N ’
¥
¢ : . , _
! S ) . : -158- ] /
[ - . ‘
{
i

'
-
; .
; Brook to the east. No mineralization was found at Big Cove. Sul-
f phidefbgaring calcite veins ana veinlets cut Ordovician strata along
% . the northeastern shoreline of the peninsula near Gillam's Cové, along
i . . the north coast near The éraveij, and the Piccadilly region (Sullivan,
‘ 1940), and- in the Lourdes region (Watson, 1943).
7.2.1 Sulphates ‘ S ‘
Gypsum, anhydrite, barite, and celestite are the most
" common sﬁlphates associated with the carbonate/clastic ‘and sulphate/ '
clastic lirhofacies. o . !
‘ (1) G}psum and Anhydrite - Economic potential of the
thick dé}EQIEE“of thé g§p§um at Romaines Brook and in'the Boswarlos-
’Piccadillyvreéion ﬁas Seen described by Hayes and Johnson (19?7).
. Within the limestones of the carbonate/clastic ;equence, euvhedral to :‘
} : anhedral crystals of gypsum and anhydrite occur.within the packstone /
[ R :
4to micrite magrix of some bioherm complexes. These are typically /
found as thin lahers at the top or close to the top of graded geop7éal
sediment. éypsum ;130 occurs rarely as large euhedral crystals w‘thn
late stage calcite cement; and in th; micrite matrix of the 1amiﬁgteq
limestone of tﬁe sulphate/clastic sequence in Boswarlos. Calci%g
é pseudomoréhs of lenticular gypsum (Fig. 75) occur in micrite fAund ,
| at the base of the upper limestone unit of the Lower Sequence/in ‘
. Lead Cove, Prismatic calcite pseudomorphs of possible anhydfite
were found partially infiliing a” palaeocavity within a mound (Fig. 76).
4
©emE———— e - - T v —
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(11) Barite and Celestite —»Bafite and celestite are

commonly found together as replacement mineralization within the
limey sandstones of the Upper Sequence at Gillam's Cove, the upper
limestone unit in the Lower Sequenc; at Aguathupa "Island"”, and
within the limey sand;tone in Ronan Br;ok. Descriptions of the depo-
sit§ in Gillam's Creek and Ronan Brook are given in Johnson (1954).
Barite also oécurs as a éavity-filling mineral within

the limestones of the lower bioherm sequence in Bellman's Cove, Lead

Cove, Mistaken Cove, and the deposits in the Aguathuna Quarry éegion.

Barite 1s present as a cement locally,rwithin the limestone bréccia

in Aguathuna Creek, and in the chaotic red-matrix breccias in Ship

.
Cove West.

Within the limestones, barite, in.thin section, commonly .
covering marcasite and galena, typ{cally hasran interlocking sutured
crystalline appearance often deve;oped as crystalldne aggregate splays
ana spherulites within the cavitiés (Fig. 77). Late stage calcite
often overlies tﬂe barite and infills the rest of the cavity. In hand
samplé, the barite is found in Ebg form of crystallized botryoids
surrounding and overlaﬁping s;lphides. Strontium content in the barite
may be as much.ag one percent. Chemical analyses of the barite and
celestite associated with Gillam's Creek and Ronan Brook are found in

Johnson (1954).




8.2.2. Sulphides

M;rcasite, Ephalerite;"galena; and minor pyrite:are the
common sulphide minerals associated with caicite veins, and cavity-
fills wi;hin the cafbonqte/clastic licthofacies.

(1) Calcite Veins - Thin to thick equant crystalline to
druéy calcité veins and veinlets cross-cut Ordovician-strata on the
north and south coasts, ;nd'Upper Mississippian red-bed lithologies
along the south coast. Veinlets of calcite cross-cut Upper Missis-
sippian strata on the nqrtﬁ coast of “the peninsula but do not carry
sulphide mineralization. Associated sulphidés in the veins commonly
occur along the contacts of .the calcite an the host rock (Fig. 78).
Generaily, euhedral galena crystals a;e developed on EBlloform marca-
sité. "A mineralogically and paragenetically complex vein deposit in

the Lourdes region (the Goodyear Prospect) is outlined by Watson (1943).

(11) Stratabound Deposits - Galena, marcasite, iron-poor

sphalerite: and rare pyrite infill cavities within the Lower Sequeﬁce
sediments of the carbonate/clastic lithofacies and rarely are associated
with the Upper Sequence clastics. Galena and sphalerite occur as,
euhedral to anhedral crystals whereas marcasite typicaily hasag bot -

ryoidal splay shape. Generally, galena is found ovérlying the marca-

N‘\‘_::::::;Ihe, and sphalerite is commonly éverlygng’marcasite.‘ All three

minerals may line the inside walls of a cavity. An examwple of geopetal

sphalerite crystals witﬂiﬁ a worm tube was noted, ‘and suggests the




FIGURE 15:

FIGURE 76:

FIGURE 77:

FIGURE 78:

*

Calcite pseudomorphs of lenticular gypsum (grey-
white in photograph). Originally, the gypsum grew
within micrite (dark colour in photograph), but was
altered to carbonate by late-stage phreatic fluids.
The arrow indicates a preserved crystal termination.
Photomicrograph in plain light. Scale bar is 375
taicrometres . ’ \

‘Prismatic calcite pseudomorphs of possible anhydrite.

The arrows describe the splay orientation. The

alteration from sulphate to carbonate 1s considered to have
occurred during late stage.diagenesis. Photomicrograph
with cross—-polarized light. Scale bar 1s 230 micrometres.

Sutured crystal boundaries of barite teplﬂacing part of
a fauna/cement structure. Photomicrograph with cross-—
polarized light. ‘Scale bar is 230 micrometres.

Calcite/marcasite veinlet cutting Table Point lithology.
The sulphide 1s always in botryoidal splays Iiring the
sides of the veinlet. Hammer for scale.
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passive settling of crystals.from a solution: Large pyrite c;v.lbee
were found in Bellman's Cove a;ssociated with gossan zones. Pyrite is
generally rare in otgler localities. Late stage iron-rich and dron-
poor calci_te-"occuts in contact with all sulphide minerals and 1is the
last precipitate within the cavities. Replecement of late stage
calcite by marcasite or pyriee occurs rarely and 1s associated with
Upper Sequence clastics in the carb'onate/clastic lithofacies.

f
The superposition of sulphates on sulphides is common in

deposits where the two types of *minerals occur., Contemporaneous
deposition is interpreted where adjacent examples of this relationship

and its reverse are found. A superposition of marcasite-sphalerite-

galena occurs within the sulphide assemblage. This relationship {is

similar to the order of precipitation of sulphides from a fluid con-

trolled by Eh and sblubi_lity potential (Barnes, 1979). The large pyrite
cubes at Bellman"s Cove appear more related to precipitatior{ from fluids \
;6ving ‘along later fault zones, and thus are not con‘?idered part of the
above sequence. 4

I_f‘the solubility sequence of sulphides is extended,
sulphates (barite to celestite) precipitate after galena (Barnes, 1979).

Although no sequence of precipitation was noted between barite and

celestite in the study area, barite f.:ommonly overlies sulphides.

v
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7.3. Controla of Mineralization

7.3.1. Stratabound Deposits

Factors which appear to control the style and distribution

of mineralization in these deposits are: (1) faults; (ii) texture of

.the host sediment; (111) basement topographic relief; and (iv) the

distfibution and -diagenetic environment of the host strata and the
mineralizétion source. |
(1) Faults - Several north-south oriented faults cut the’

Ordovician and Upper Mississippian sediment in the northeastern part
of the peninsula. . In Bellman's Cove, Lead Cove, and Mistaken Cove,
gossans are assoclated with these faults. Faults cutting the Upper
Missis‘sippian strata, or Ordovician strata, elsewhere on the peninsula
have no similar associated gossans. . It is. within these gossan zones’
that the lérge pyrite cubes occur.

» .In Lead Cove, and Mistaken Cove,ctninezjalization appears
to pre-date the faultiné. Faulted miﬁeralized blocks of limestone 'a‘re'
surrounded by non-mineralized fault brecci‘a. In other mineralized

localities to the west, no faults are apparent, though mineralization

s just as pervasive.

(11) Texture of the Host Sediments - Stratabound deposits

are found within rubbly, relatively porous limestones, and sandstomnes
of the Lower Sequence, and rarely within the Upper Sequence sandstones

even though they are almost as porousa. These deposits do not occur
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within the terrigenous red-bed 1ithologles along the south or southwest

coast, though locally, barite was found replacing late stage calcite

[y

cement. At the tin;e of minéralization, it 1is interpreted that inter-
granular pores within the intermound limestone and sandstone sediments,
as vell as the intreamound pores, provided good porosity and ‘permeability.
- I"he porosity of these sediments i1s 1in marked coﬁtrast with
the relatively impermeable Table Head and St. George Group carbonates
whichunderlie the Upper Misgissippian sedimenfs. Fluids penetrating
the region would preferentially travel through the Upper Mississippian
sediments. Mineralization within these sediments may locally penetrate
‘ the Ordovician strata vi:;: cracks within the contact walls (e.g.,
Aguathuna "Island"). Apart from this minor variation, the only miner-
alization occurring within the Ordovician sediments, _related to this

time period, are sulphide vein deposits.

(111) Basement Palaeotopographic Relief - The karst

gopography developed on the Ordovician prier to deposition of Uppgr‘
Mississippian sediﬁlents has been previously discussed in detail
(Chapter 2). It is sufficient to say that fluids travelling dowm-
gradient would be preferentially channeled into bfiried karst valleys
due to the low permeability of the Ordovician rocks, and the lower
piezéometric éradient within the valleys .caused by the palaeorel:!.gf
of the Ordovician surfac.e. The fluids would probably travel along or

near the base of the Upper Mississippian-Ordovician contact,
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: (1v) Distribution and Diagenetic Environment of Host Rock

o

and Mineralization Source - Two observa‘tions can be made with respect

. :
to the stratabound deposits on the peninsula in conjunction with .

1

relating a mineralization source rock or area to the host strata. First,

relatively thick deposits of sandy gyp}um are adjaéent td', or in the
| ] .

vicinity of, the stratabound mineralization, and occur at a somewhat
higher elev_ation. ‘Second, stratabound- deposits -only occur in a marine/
fluvial sediments and nevell' in the térrigenous red-beds along the south
or southwestern coasts.

Gypsum strata would provide ‘an abundant and adequate.
source of sulphaté to be complexed with barium and strontium, and
reduced/complexed with lead, irom af\d zinc. An equally abundant, and
adequate, medium wi‘thin which which the complexes can be transported
from source to host st;rata, is a groundwater system. Othér factors
‘which suggest that this model may be correct are: (i) it is interpreted
that much of the mineralizatibn in thesge d;aposit:s is pre-faulting;

(11) Ehe palaeorelief of the. Ordovician surface is sufficient to pro-
vide effective flow gradients; and (iii) the I;uried karst valleys are
effective channelways for groundwater whiéh wquld travel through theA
Upper Mississippi:;n sediments due to the contrast 1nrporosity with the
Ordovician stl;ata. The observation of the gypaum—mineralizat%i’on rela-
tionship as outlined above woulﬁ explain the paucity of mineralization

in Big Coire; that 18, no gypsum source 1is available. In the northeastern

part of the peninsula, the present distribution of gypsum is restricted




/ -
to the Boswarlos-Piccadilly region. The gypsum may have been more

areally extensive, or its drainage system such that the coves fatther

~ -

- to the east were affected by the sulphate-laden waters.
ﬁe second observation, . .that stratabound deposits only

oceur in_ the"marin,e/fiﬁvial ‘'sediments, suggests some kind of control

¢ associateq wfmth a meteorlic—marine 1nte-r.action. Though the host strata

“would have ‘to be immersed witﬁin .the phreatic zone during mineraliza—"
tion, .;1 marine basin may Ha-ve still existed to the north of the region.
‘The recognized sulphide-sulp}:ate solubility ordering found wi;:hin the
sediment‘s, l:iowever, would tend 'to indicate thfat Eh ar‘ld solubility
poten_tial were more importar.xt than a meteoric-marine interaction.

Although the mechanism for transport and mineralization

"of the limestones and sandstones of the Lower Sequence has been dis-

cussed, the source for the cations (PP, Zn, Fe, Ba, and Sr) is more

pi’oblemAtic-. The barium and strontium 'may be supplied by the removal_
of Strontil.?m from the limestoﬁes during their diagenesis. The source
for the other cafions may be the source ro;:k of thé-te.rrigenous ‘
clatstics in the ;'e'd-beds, and the Upper Sequence terrigenous sandstones

‘which cover or are adjacent to the Lower Sequence sediments.
«

) 7.3.2, Vein Deposits

The controls of mineralization for this style of minerali-

zation 1is ‘:lnterpre,‘te’d to be tectonic. The source of the fluids within

the vein deposits could be verified by sulphur and lead isotope studies.:

T g .




This is beyond the scdpe of this study., However, a brief discussion

-
:

dealing with the problem is given.
If the veins are interpreted to be related }o‘Alleghenian
faulting, then it is possible that the fluids we;e derived in some ~
ﬁanner‘from Grenville b;sement underlying the Cambro-Ordovician strata
on the peninsula. Gravity anomaly maps (Zietz et al., iQSO) indicate
a A;ar surface gavity anomaly underlying most of the peninsula. As
CGrenville basement outcropé south of Stephenville, it 1s intefpreted

o

that the anomaly is basement.

7.4, Summary ) E ‘/

The model used here to explain the stratabound mineral
depos{ts_is similar to models used for barite and celestite deﬁosits
of‘equivalent Age in Nova Scoria (Felderhof, 1978). It is suggeéted
that four mineralizing events took place during and after the deposition *
and burial of the potential host strata:

‘. (1) pri;ary synsedimentary mineralization of\gypsum'and
-anhydrite; - ~ . -
(11) -sulphide and sulphate mineralization from groundwater

controlled by host strata porosity, EFh and the solu-

hility, and possibly some meteoric-marine interaction;

~ (111) locally restricted replécement of strata by barite

:

and celestite;




f

(1v) faulting and associated minmeralization.locally over-
printing a pré—tectonic mineralizationr\geiné gccur,
within the Ordovicién and Upper Mississippian 1ithol~

ogles. ‘,

Later vadose alteration of the sulphide and sulphates Qould

dissolve and/or redistribute the elements from their original sites.

a
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CHAPTER 8

DIAGENESIS OF THE CARBONATE/CLASTIC
LITHOFACIES (and Speleothems)

‘8.1. Introdugtion -

<

Diagenetic textures in the carbonate/clastic lithofacies, .
and speleothem cements, which coat and/or infill fissures: in the Ordo-
" vician limestone, are described and divided temporally into three

H o

paragenetic stages (Early, Middle;’and Late). The textures include
early and late cement;,xfabric specific dissolation features! several
styles of neomorphism, desulpheri;ation, dolomitfzation and miner#lfza—
tion. ' Thin section petrography, iron and calcite stéining techniqﬁee
(Evamy’, 1969), eléctron microprobe analyses, and cathodoluminescence
were used to outline the diagenetic textures. ‘Th; first part of this
chapter contains'deSCfiptions of the diagenetic textures; phis is
followed by Fheif interpfetatién{'and ; discussion.

-

8.2. Cements

Six types of cements are recognized (Fig. 79). The first
two, fascicular-optic calcite_and spherulitic calcite, are restricted
to the marine carbonates. Three céments are éoﬁfined to‘speleothem
deposits: radial colummar calcite, plumose calcite, and radial bladed

-calcite, The sixth cemenf, equant blocky calcite, is found throughéut

all lithofacies. ‘All cements but radial bladed and equant blocky.cél—

cite appear as neomorphic alterations of an original precursor with

relict internal fabric preserved in some cases.




N ~
(1) Fascicylar-Optic . Calcite (FOC) - Single to multi-,

‘generation fascicular-optic -calcite (Kendali, 1977) acts as” an inter-

and intragranuiar cement. It 1is particularly conspicuous coating
a tow . L.
bryozoans, algae, and worm tubes, to form complex fauna/cement struc-

tures in bioherms. This cement 1s the neomorpﬁic replacement pf a
fibrous to acicd1§r precdrsor, with radially di;ergénCEIelic fibres
(Kendall, 1977). .In‘ Port au Port exat;xple.s, relic fibres, or i;clusions
defining origi;al fibres, are commonly preserved (Fig. 79). Thé neo-
morphic alteration of an aggregate of fibres-yields a fan shape.\ The

fans are usually elongate, often with consertal to sutured boundaries,
. . T
vary in length from 100 to 1000 micfometres,‘?gd/é;;and with length

from 100 up to 500 mibrometersu Under crossed-polarized light, each
fan displays sweeping extinction that terminates at the contact with

+
an adjacent fan. The ends of a fan may be shdrp and well defined

(Fig. 80A) -or ragged (Fig. 94), terminating in fihres of unequal length..

Where many fans are stacked. together, a compound-lens effect is k;p-

duced by the éimilar orienteq extinction patterns (Fig. 80B).

Peloidg,_Sp1r0£bis caperatus, foramipifera, thin micritic
laminae, and dispersged Qicrite are found withié the cement where it
fbrms a fauna/cemént structure. The micrite laminae‘separate single
to multiple ggnetations of cement precipitation that are concenéric
a;ound faunal elements (Fig. 80C). Fasciéular-optic calcite is'also

B B ot .
found infilling or coating other bryozoans, ostracodes, brachiopods

<

”‘




FIGURE 79:

CEMENT _TYPES -
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lamindted with mulfigeneration sediment, as well as occluding inter-
preted cavities in zebra roek found in Big vae Creek - As described
~1in Chapter 3, zebra rock 1is composed of interlaminated biomicrite and
calcite spar. The latter is composed OF fasciculag-optic calcite as
fah;éhaped hasses'infilling horizontal cgvitiec.(Fig,.Sl). Asscciéged

with the FOC cement is equant blocky calcite similar in'morghologyvcc
‘ i " \

the late stage cement (see below).

] S SN
Microprobe analyses indicate that the cement generally has °

between 0.3 tg 0.6 mole percent magnesium carbonate, but may contain
as much as 1.0 percent. No detectable strontium and usually less than
0.5 percent of iron oxide are present. This type of calcite does not

luminesce.

B

(115 Spherulitic Caicite (SC-A and SC-B) ~ SC-A - Calcite
fan-shaped masses, composed of equant blocky psgudospar'(Fclk, 1965),
herein called spherulitic calcite,_and exhibiting discontinuous laminae
perpendicular and parallel to fan elongation, are locally very abhgdant
in one mound A; Aguathuna Creek (Fig. 79);' Fang are commonly bnc milli-
metre in length by one millimetre-at greatest width. - The'f:;;est fan was
4 millimetres in length, with a mcximum width of 2.5 millimetres. Lamii/‘
nations (dusty and/or fluid inclusions) cut across the pseudospar‘which‘
develops an interlocking mosaic of generally elocgate cristals, 50 to 250
micrometres in length and S0 to 125 micrometres in width. The crystals

S~

exhibit straight to faint sweeping extinction and are radially divergent
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FIGURE 80A: Fans of fascicular-optic calcite, possible

Ut ’ magnesium calcite cement, with sharp terminations.
Overlain by late stage calcite cement. Photomicro-

R * graph with cross—-polarized 1light. Scale bar is 500

- micrometres.
. -l

-

FIGURE BOB: An array of fascicular-optic calcite fans, with apices
oriented “towards a sediment core (bottom
of photograph). The cement with encorporated matrix
(above the scale bar) is of the same mineralogy !
but does not display fan morphology. Photomicro-
graph with cross—polarized light, Scale bar is
2.0 m%llimetres.

FIGURE 80C: Fascicular-optic calcite fans forming isopachous
" tims, Each cement generation is separated by a
micrite laminae (arrow). The psehidospar (above
arrow) associated with the possible magnesium calcite
/ cement may be altered aragonite cement (see FIGURES
82 and 85). Photomicrograph with cross-polarized
light. Scale bar 1s 2.0 millimetres.

by fascicular-optic calcite, geopetal/micrite, and
blocky calcite. Splays of the earlyfcement on the
ceiling and floor of the palaeocavities extend down-
ward and upward respectively. Arrows point to the
downward extent of sSweeping extinction from the
early cement into the blocky calcite. Sharp boundaries
between the fascicular-optic calcite and blocky calcite
. . _also occur.’ Moldic porosity within the biomicrite is
. " common. White specks in the blomicrite are quartz
and feldspar grains, with rare dolomite rhombohedra.
Photomicrograph with cross;polarized light. Scale
»bar 1s 500 micrometres.

" FIGURE 81: Zebra rock shgying laminae of biomi?e separated

PRU—
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from the apex of the fan. Fang are attached to a micrite substrate

14

or to other fans. The contact of two fans 1s a thin mlic;iticllaminae
similar to that in FOC cement. In one instance, a laminae of FOC
" cement wasAfound coating an outer edge of an SC-A fan, and the contact
between the two was also defined by a similar looking thin micritic
laminae (Fig. B2). Free terminations of SC-A calcite are alse micritic
and may exhibit feathery to chisel-—sh.aped edges. No inclusions of
fau;la or other allochems within the fans were noted, though dispersed
micrite 1s common. The fans contain between 1.0 and 1.5 percent mag-
nesium carbonate, no detectable strontium, and less than 0.2 percent
iron-oxide. This type of calcite also does not lumines‘ce.

SC~B - This type of calcite cement is common in mounds,
and well developed in the grey micritic limestone of the Upper Sequence
in Aguathuna Creek. ”In the latter locality, well formed botryoids, of
blocky equant pseudospar defined by micrite laminae often exhibit
feathery and chisel shaped edges (Figs. 79, 83, 84)., The blocky calcite
texture with associated micrite laminae 18 common in fauna/cement struc-
tures. The laminae, in this case, however, rarely outline botryoidal
morphology and the pseudospar occurs in much more irregular shapes
(Fig. 85). Pseudospar crystals are equant, vaguely radially divergent
when found in botryoids, and are 10 to 300 micrometres in diameter.
Crystal boundaries within the pseudospar are sharp and irregular.
Cathodoluminescence indicates the .presence of inclusions, not seen in
plain 1light, aligned in a radially divergent p;attern from the apex of the
botryoida. These terminate at the micrite laminae on which another

botryoid is developed.
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FIGURE 82:

FIGURE 83:

FIGURE 84:

FIGURE 85:

Typical spherulitie calcite, interpreted as being
possible aragonite cement. The fan is directed
downwards infilling a cavity within a micritic-rich
mound. The upper arrow indicates faint horizontal
and vertical laminations (inclusions define primary
textures). The lower arrow points to a micritic
contact between this type of cement and an isopachous
rim of fascicular-optic calcite cement. Photomicro-
graph with cross-polarized light. Scale bar is 460
micrometres.

Botryoids of spherulitic calcite with peloid
inclusions and well developed micritic contacts
between botryoids. Arrows point to patches of
coarser pseudospar indicating extent of alterationm
frow the interpreted aragonite to pseudospar. Photo-
micrograph with cross—polarized light.. Scale bar is
560 micrometres.

Detail of micritic laminae from FIGURE: 83. Black arrow

points to poorly developed square, chisel-shaped

laminae terminations. Note apparent boring? in large
peloid (white arrow). Photomicrograph with plain light.
Scale bar is 500 micrometres. :

Irregular to botryoidal bodies of altered cement,

with inclusions of peloids. Note large patches of
coarse pseudospar similar to those in FIGURE 83.

Extreme alteration may yield very coarse blocky calcite.
Photomicrograph with cross-polarized light. Scale

bar is 500 micrometres.







Within the mounds, irregular shaped "bodies" of spheru-

1itic calcite are sometimes vertically stacked normal to the subhstrate

) i
(either fauna or FOC cement), but are more often nongeostrophic (Fig.

86). In the micritic litestone at Apuathuna Creek, all botryoids are
: *

oriented normal to the bedding. This cement type contains less than

1.0 mole percent magnesium carbonate, no detectable strontium, less
¢

than 0.2 percent iron oxide, and is non-luminescent.

(i11) Radial Columnar Calcite (RCC) - This cement 1s found

as stalactites in Pratt's Cave. The crystals, neomorphic after a
previous speleothem fal;ric vary up to 3.0 mm in length, and 0.1 toe 0.55
micrometres ir; width ., Some crystals have sharp re-entrants as des~-
cribed by Kendall and Broughton (1978) but are generally well defined
and collumnar 'in shape (Figs. 79 and 87). A single laminae of this
calcite may have severall i11~defined aggregates of radially divergent
crystals, each aggregate having a preferred direction .of extinction.

As a result, converging extinction 1s found at the junction of adjacent
crystal aggregates. In some cases, convergence occurs within a single
~crystal. The crystals cut across primary structures of the speleothem
(crystal terminations and laminae defined by duaty inclusions). Alter-
nating iron content parallel to primary growth 1s apparent by staining.
These.cements have no deotectable strontium, less than 1.0 mole percent
magnesium carbonate, and s'trongly Iuminesce. Iron oxide content varies

from 0.0 to 0.65 percent in the iron "rick" zones.
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(i{v) Plumose CalcifeXPC) - This cement is a peculiar

-

4 . .
and localized neomorphic replacement of an original speleothem fabrie.
Several curved crystals form plume-shaped masses up to 1500 micro-
‘metree 1in length and up to 500 micrometres at greatest width (Fig.

79). Inclusions and sweeping extinction follow the curvature of the

crystals. Several of these plumes adjacent to one another give the ‘

appearance of a feather headband (Fig. 88). Larger crystals (Type
R 4

COC; Fig. 79) with subcrystals, are elongate to more equant in shape
vand have an extinction pattern that converges at the centre of the
large crystal. Thesé cements fabrics are.rel‘;ted to the PC cement
and may be some variation in.neomorphic alteration within the cement.
The original spelecthem structure appears to both control, a’n.d be cut
by, the neomorphic calcite. This type of calcite does not luminesce.

(v) Radial Bladed Calcite (RBC) - This cement is found

as apeleothems at Sheaves Cove and Pratt's Cave. Aggregates of up to
ten crystals are found as lsopachous layers rimming earlier druse.
The blades are 50 to 500 micrometres in 1eng‘th, and 20 to 50 micro-
metres at greatest width (Figs. 79 and 89). There is a sweeping
extinction pattern within the 1ndividua1 crystals. Inclusioné of

micrite range from numerous to few throughout the cement. The miner-

alogy of alternating laminae vary from calcite to dolomite.

(vi) Equant Blocky Calcite (EBC) ~ Equant blocky fine to
coarsely crystalline calcite spar acts as a late stage inter- and

intragranular pore-filling cement (Fig. 79). Within some of the Upper




FIGURE 86:

FIGURE 87:

. FIGURE 88:

Non-geostrophic’ to geostrophic atered cement and
laminae (arrows). White arrow points to cement
bodies, defined by micrite laminae, which are
inverted with respect to those in the middle or
top of the photograph. Photomicrograph in plain
light. Scale bar is 500 micrometres.

Typical radial columnar calcite from stalactites
in Pratt’'s Cave. Photomlcrograph with cross-
polarized light. Scale bar 1s 360 micrometres. .
Plumose calcite. . Localized speleothem cement
texture. Photomicrograph with cross-polarized
light. Scale bar is 250 micrometres.

Radial bladed calcite. Assoclated with speleothem
flowstone. Photomicrograph Wwith cross—-polarized
light: Scale bar is 250 micrometres.
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Sequence sandstone, as well as the terrigenous clastics associated
with the red-beds on the south shore, intergranular pore spare is
infilled with iron-rich blocky calcite cement folléwed by iron-free

calcite.. In the carbonates of the Lower Sequence, and some clastics

of the Upper Sequence and red-bed lithology, this iron sequence is

commonly reversed[ Typicaliy, however, no iron {s present at all.
Late-stage veinlets which locally cut Lower Sequence limestones éon—
sist of iron-poor blocky calcite.
Within a pore, there is usually an increase in g:ystal
si;e toward the centre, with an isopachous to discontinuocus laminae
of equant and/or slightly bladed spar rimming the substrate wall.
Crystals range in s;ze7from microns to several centimetres. The
highest iron content iﬁ any of the blocky calcite observed fs 0.6

percent. These cements brightly luminesce and up to four stages of

precipitation may be found in a single cement-filled pore.

8.3. Allochems

Within the carbonates, various allochems exhibit different

(a) brachiopods, annelida (Spirorbis caperatus), bryozoans,

and ostracodes generally retain their fabric;
(b) the large worm? tubes are identical to the fabric of
FOC cement and may be a result of cementation occurring

along a membranous organic? tube within which the

organism resided;




gaspropods aFe genegall dissolved‘;nd replaced by
EBC cement; only one g?stropod possessing a micrite
rim was found though the remainder of the sﬁell had
been cémpletely dissolved;.

pelecypods are either completely dissolved and
replaced by EBC cement, or retain their fabric;
intraclasts of faecal mounds? or grapestone?, from

the laminated-limestone at Boswarlos, have a fine

‘crystalline matrix surrounding the peloids within

the intraclasts (Fig. 90); it is uncertain whether

the matrix is neomorphic or cement spar.

8.4, Dissolution Features

Peloid?i blue-green glgal structures and gypsum are pre-
ferentially susce#iﬂble to dissolution. This process is visible in
various stages og development, and when well developed produced moldic
PorOsity. Micrite surrounding dissolution pores often displays a green
colouration.

Rounded- to lobate peloids associated with intermound
packstones in the biohermal limestones are particularly suscept;ble tb
dissolution. Various degrees of dissolution are preserved with the
most extreme producing good peloid moldic .porosity (Fig. 91). 1In some

peloids, a vaéue interior structure may oceur resembling. the micritic

foraminifers found in related sediments.
Y
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Micrite laminae associatéd with thé algél structures are
commonly preférentially dissolved. Porosity is moldic as well, with
affected structures producing-coneentric laminar vugs (Fig. 52). The
surrounding ;ock, including both FOC and EBC cements, appear unaffected.

J Rouﬁd‘to irregular shaped thin micrite rims are infilled
with EBC cement. In the lamiiated limestone of the sulphate/clastic
lithofacies various stages of dissol&tion, inciuding micriteﬂrim develop;
ment, followed by cement Iinfi{ll are found in the lithoclasts 1nterpfeted
as eroded mounds of faecal pellets, or grapestoﬁes (F}g. 90).

Gyﬁsum'and barite crystals infilling fractures or prfmary
voids are compleréiy to partially dissolved. Remnant gypsum often
has an associated éinely crfstalline alteration product (clay?)
developed along the edges and along the cleavage traces. If fractures,

originally containingegypsum, cut a micrite host sediment, a green

colouration is noted in the micrite along the fracture edge.

8.5. Neomorphic Textures

8.5.1. Mierospar ‘ . p
Microspar (Folk, 1965) *s found: (1) adjacent to, and
replaciﬁg micrite; (11) within fauna/éement structures adjacent to
pseudospar; (111) partially replacing SC-type ;ement; and (1v) as
"geopetal" sediment within cement-filled mound voids. In the mounds,
the microspar exhibits an abrupt contact with the underlying material,

either structure cement, or graded multigeneration sediment. Peloids




' . . -
and terrlgs:ous'clastic grains may be associated with this fabric
. ' '
although tHese inclusions are rare,- Spar size 1s typically 10 to 40
micrometres in length, and less than 30 micrometres in width, with

contacts curved to straight.
L
8.5.2. Pseudospar

.Pse&dospar (Folk, 1965) partly to completely replaces
all cements, some micritic allochems, and portions of the fauna/cement
structures. Twé stages of neomorphism of the cements occur: . 4
(1) N;omorphism 1 - With respect to re}lacemen; of cement
types FOC and SC, the resulfant fabric is én interlocking mosaic of
equant tc elongate crystais which may cross-cut .the origina1>cemqnt
texture (see above; andrF%g. 93).
| (11) Neomorﬁhism 2 - A second stage of neomorphic replace-
ment is associated only with the FOC cement, Thié alteration produces

-
coarse spar which has the appearance of EBC cement. Replacement occurs

at Ehehedges of the FOC cement fans, and extends towards the fan

épex. The fans may be in contact with EBC cement (e.g., in mound
cavities), This pseudospar texture is recognized by (a) relic

fibres of the original FOC cement fans (Fig, 94), and (b) relic sweeping
extinction extending from the FOC cement into the EBC—typS pseudospar

(Fig. Bl). An extreme form of the replacement occurs in the zebra rock

v
from Big Cove Creek. In.this case, laminae of coarse pseudospar (EBC-




FIGURE 90:

FIGURE 91:

FIGURE 92:

FIGURE 93:

Dissolution of intraclasts and precipitation of

late stage calcite cement within the molds (arrow).
The outer rim of an intraclast is still preserved
(arrow). Compaction of sediments has resulted in
the fracturing of an ostracode test (lower left of
photograph)’ Photomicrograph in plain 1ight. Scale
bar is 400 micrometres. ’ .

Peloid, and intraclast, moldic porosity. Photomicro—
graph with cross-pSlarized light. Scale bar is 500
micrometres.

LS

‘Moldic porusity (left and centre of photograph)

associated with blue-green algal thromobolite,
Note that late stage cement {(white) in the
surrounding sediment is unaffected. Late stage
diagenesis. Photomicrograph with cross-polarized
light. Scale bar is 750 micrometres.

Algal moldic porosity (black in photograph) and
juxtaposition of both possible magnesium calcite
and aragonite cements, now altered to calcite.
Photomicrograph with cross-polarized 1ight.
Scale bar 1is 450 micrometres.
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type) 'ha\\rs replaced cavity filling FOC cements fans. The laminae -of
the EBC-type pseudospaf (;ary in thickness from 0 to 1000 micrometres.
The replacement textures vary from well d&veloped to non-existant

along a single cavity fill (Fig. 95). Llarge sweeping extinction
patterns within the second pseudospar are the clue- that the replacement
has occurred. Commonly, sharp boundaries between the two calcites

may occur gilving the appearance of EBC cement infill;ng a cavity that
is lined by FOC cement (Fig. B8l). ‘

Fractures cut _thro‘ugh the hogt biomiZrite and FOC cement
within the zeblfjock. Where the fractures cut bion:icrllte only, they
are infilled with well-defined EBC cement. Along theosame fractures,
where the fracture cuts thr:)ugh the FOC cement fans, the fracture
"inf111" is clearly the EBC~type pseudospar (Fig. 96). It is inter-
preted that c:vities developed within th? biomicrite were 1nf11-1ved
with the FOC E:e;nent. Fracturing was preferential along the original
cavity orientation, and EBC fluids p%rcolated along the frictures
replaci.ng FoC .cement, or, precipitating EB€ cement in fr'actu'res not
ass oé}ated with ?OC cement .

. .
8.5.3. Aggrading Neomorphism

' C

As defined by Folk (1965), this term is used to describe

the change from micrite through microspar to pseudospaf. - Although

examples of this change are rarely iill defined in the Port au Port

Upper Mississippian strata, one well devéloped example is found in a




micritic facles of_the biostromal limestone (upper limestone unit of

the Lower Sequence)‘ at Lead Cove, imme?liately overlying the middle

siliclastic unit. Here, microspar grades into local pat'ches of

pseudospar, 100 to 200 microme'tres‘ in diameter (Fig. 97). Iron

sulphi‘de blebs may be locallx. present in ths.ﬁ. pseudospar. Thig calcite
]

Rl

texture has replaced lenticular gypsunm,

8.6. Dolomitization

Two types of dolomite can be found, though both are rare.

The first is the replacement of micrite by small beige-coloured

- .

rhombohedra 10 to 40 micrometres in diameter. Often broken - reworked

rhombohedra occur in packstomes of the Lower Sequence (e.g., Big Cove).
' . :

" In the zebra %ck, dolomite .rhomboh&dra are found in mlc‘riéic fragments

of the host biomicrite, and sﬁrrounded by the FOC cement (Fig. 98).

- The sm e of dolomite is the complete replacement
of cement, micrite and allochems. This occurs in small 2.0 to 3..0,
millimetre patches with irregular edges (Figa 99). This style of
dolomitization was found only in the upper limestone unit of the Lower
hquen’ce in Aguathuna "Island’ and is associated tempor‘ally with barit’e/
celestite replacement.

N

8.7. Desulfitization

This term is used for the replacement of both gypsum and
anhydrite crysﬁals by calcite. Evidence of this 1is rare, but when

discovered 1s well developed. Grey calcite nodules with a mammellose

S




FIGURE 94: Ragged terminations of fascicular-optic calcite (FOC)
fans extending into coarse pseudospar. Note at solid
arrow the pseudospar underlining the ragged terminations.
The substrate to FOC cement appears to be peloids
and/or clotted micrite (open arrow). Photomicrograph
with cross-polarized 1ight. 5Scale bar is 230
micrometres.

FIGURE 95:. Zebra rock alteration. At arrows, fascicular-optic
calcite cement 1s altered to pseudospar (white).
Photomicrograph with cross-polarized light. Scale
bar 1s 230 micrometres. .

FIGURE 96: - Late stage blocky calcite cement versus pseudospar
in zebra rock. The left arrow points to late stage
cement in contact with bilomicrite. The right
arrow indicates a point where fascicular-optic calcite
is altered to pseudospar. Note that this occurs where
a fracture through the blomicrite extends into the
fascicular-optic calcite as well. Photomicrograph
with cross-polarized light. Scale bar is 230
micrometres.

FIGURE 97: Aggrading neomorphism. Microspar, initially altering
' gypsum rades into pseudospar (white). Black iroh
sulphide’blebs are associated 'th calcite
suggesting that glteration from gypsum to calcite
occurred during late stage diagenesis. Photomlcro-
graph in plain light. Scale bar is 230 micrometres.
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surface texture have an internal nodular texture mimicing chickenwire

gypsum (Pig. 100). These are found in the feldspathic arenites of
. o

. . \
the Upper Sequence in Lead Cove. The replacing calcite alternates _

from iron—f;ee to iron~poor as illustrated by staining, and may show

increasing crystal size towards the centre of ‘each individual nodule
. 4

in the chickenwire structure. This chickenwire texture is also found

in some of the fauna/cement structures in the mounds but is not as

well developed as above.

IS

In the bilostromal limestone unit of the Lower Sequence

at Lead Cove, masseg of lenticular gypsum within a'micritic limestone

_ host rock are replaced by microspar and pseudospar (Figs. 75 and 97).

A third :type of desulfitization 1s found in primary vugs
within’ the mounds. Pore-filling ’splays of prismatic anhydrite are )
repiaced by calcite with the primary structure of the sulpha‘te st11l

retained (Fig. 76). Within the same Vt'xg,‘ the replacing calcite acts

as pore-filling EBC cement occluding the porosity.

8.8. Barite, Gypsum, and Marcasite Replacement

Examples of barite and gypsum replacing fragments, shells,
and EBC cement are common in packstones and grainstones, as well as
moun.ds, from Gillam's Coﬁe, the upper limestone unit in Aguathuna
"Island'f and in Aguathuna East. Barite replaces cement in some red

conglomerates in the Ship Cove area, and 'in the grey breccias of the

R N ¥ PR g h




Upper Sequence in Aguathuna Creek. Rare marcasite 1s found replacing
cement in some red-bed sandstone‘s and conglomerates along the south

coast.

8.9. Other Dilagenetic Features

Other features that complete the diagenetic sequence are

the following: '

(1) Practuring of allochems due to ;:ompaction; this 1is
found t;oth before and aftefxrl"bc cement rims the
allochems., Often ﬁlv'achio‘pods and ostr%codes 1ined
with this‘ cement are found broken and the remaining
porosity is filléd with EBC' cement.

Fractures cutting through both faur;a/cement struc-
tures and ass_ociated intrastrdct:xre sediments, anf:l
lincemound packstones and grainston;s., are filled
with EBC cement and/or sulpl'\ide/sulphate wineraliza-
tion (Fig. 101).
Veinlets qf’ iror:—poor caleite (res:ognized by étaining)
crosé-cut sediment, early anci late stage cements,.and
}niﬂeralization; sulphates and barite may occur locally
within these veinlet:.

(1v) Four sta‘ges' of mineralization are recognized: (1) pre-

fcipitation of anhydrite and/or gypsum in primary 'vugs
« .

@ and muds; (11) sulphide and sulphafes depaaited with
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FIGURE 98:
FIGURE 99:

FIGURE 100:

FIGURE 101:
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Dolomite rhombohedra (arrows) within biomicrite.
“Only one well formed dolomite rhombohedron 1s
present (large arrow). Photomicrograph with
cross—polarized light. Scale bar is 230 micrometres.

Massive dolémite replacing both late stage calcite
cement and sediment (including allochems)-see arrows.

Photomicrograph with cross polarized light. Scale
bar is 230 micrometres.

Relic chickenvire gypsum. The sulphate is replaced
by late stage calcite. Photomicrograph with cross-
polarized light. Scale bar is 600 micrometres.

Fracturing of biohermal limestone, with the fractures
and remaining porosity infilled with late stage
calcite cement. Photomicrograph with plain light.
Scale bar is 500 micrometres. '

wh
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EBC cement; (111) barite, celestite and gypsum,

with local accumulations of marcasite replacing
cemented sediments; and (iv) veinlets with finor

and sporadically distributed sulphate mineralizgtion,
loc;lly concentrated near faults; associated with

.faults 1g pyrite mineralization.

: 8.10. Discussion

8.10.1. Introduction

The. recognition pf pervasive synsedimentary cementation
in the submarine environment 1is wellidocumented f;r both modern and

© ' ancientvreefs and mounds (e.g., Krebs, 1969} Land and Goreau, 1970;
Bricker (ed.), 1971; Ginsburg and James, 1976; James EE.Ei:r 1976}
Davies, 1977; Mazullo and Cys, 1979; and Jam;s and Ginsburg, 1979).
Associated multigeneration sediments an& cement is also recorded for
both Holocene and Palaeozoic reefs (e.g., James et al., 1976; Davies,
1977; and othersf.

This pervasivé cementation and related sedimentation(
compfisgs a major part of the carbonate/clastic lithofacies on the
Port au Port Peninsula. Complex/neomorphic textures, however, commonly
overprint this early fabrip. Fvidence of possible vadose fabrics

consist only of fabric-specific dissolution, and are interpreted as

occurring in the latest stage of diagenesis and are probably still
S

active at present.

PO




Although microprobe data indicates that all structures
interpreted as cements, allochems, and micrite found in the biohermal
limesggpﬂfﬁare now low magnesium carbonate with less than 1.5 percent
maénesiuﬁ carbonate, their original mineralogic precursor can be deduced
by comparison of fabrics with known or previously in£erpreteq
examples published in the liter;ture. The following discussion of
fabrics will be dealt with according to the different staées of dia-

genasis (Early, Middle, and Late); a compllation of these stages and

their defining parameters is given in Figure 102.

8.10.2., Early Diagenesis

. The most abundant cements found in the mound facies and

intermoand sediments are fascicular-optic calcite, interpreted to be

~originally a magnesium calcite cement, anF spherulitic calcite which is

interpreted to be aragonite in origin.

! (1) Possible Mg—Calcite Cements — Fascicular-optic calcite

recognized in thg Port au Port samples is similar to that described by

" Kendall (1977; pg. 1058, Figs. 1A, B, and E; and pg. 1059, Fig. 2). He
stated that the original mineralogy could b; either calcite or ar;gonite,
indicating that fabric alone was an insufficlent criterion. The

cement acts as an inter- and intragranular cement and incorporatgs and
coats marine organisms. Overlying the cement laminae, with abrupt

contact, is sediment exhibiting marine organisms as well. Thus, it is

interpreted that the cement is of marine origin.




1
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DIAGENETIC SEQUENCE IN THE CARBONATE/CLASTIC
LITHOFACIES

LATE
) EARLY MIDDLE 1 2 3 4
N Parameters . :
: Early cements XXXXX X X
. . Sedimentation XXXKXXXXXX
Micritization XXXXXXXXX
Compaction XXXXXXXXX
Mineralization:
a) sulphate X XXXX XXXXXXXXXXX X X
_(b) sulphide ' XXXXXXXXXXX X X
Neomorphism 1 : XXXXXXXXXXX
Neomorphism 2. ' XXXXXX
Fracturing X X XXXXXXX
Stylolitization ° X X XXXXXXX
Late stage cement XXXXXX
Desulfitization XXXXXX )
.Dolomitization XXX XXX
Veinlets : : XXX XX
Dissolution : XXXXXX X ° XX XX XX X

I T T ot

~-261-

submarine phreatic vadose

FIGURE 162: Interpreted diagenetic sequence for the carbonate/clastic
N , 1ithofacies.
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Early neomorphic alteration of the fibrous precursor {s

similar to the alteration exhibited by the skeletal clasts known to

be of calcite mineralogy (e.g.,‘brachiopods, ostracodes,:Sgirorbis

caperatus, and bryozoans). Their fabric, as in the fascicular-optic

3

calcite, is wholly or partially rétained.
Laminated crusts of modern magnesium calcite cements

(Land and Goreau, 1970; pg. 460, Fig. 5) look very similar to crusts

of the ch cement enveloping bryozoans in the mounds at Big Cove

(Fig. 32) and Aguathuna "Island”. The presence of micrite laminae, -

;
peloids, and/or dispersed micrite within, and separating the thick-
nesses of the FOC cement suggegts episédic to slow sedimentation

during growth of the cement. The presence of Spirorbis caperatus

encrusting, and engulfed.by, the cement suggests that the cement

provided a hard substrate for these organisms. ;

The overall morphology, internal fabric and sediment-
cement relationship 6f this cement is similar fo described high Mg-
calcite crusts in modern and ancient reefs or mounds. The lack of
luminesc;nce associated with this cement supports iF; interpretation
as an early marine cement (Myers, 1974). On the basis of these
criteria, tﬁe cement 13 interpreted to be an early diagenetic,

possibly high Mg-calcite cement.

(11) Possible Aragonite Cements - Two cement types SC-A

and -B are interpreted to have an aragonitic precursof. SC-A 1s very

similar in gross morphology and crystallinity to cement fans described

I e
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by Mazullo and Cys (1979). They describe relic ray-crystals oriented

v

radially divergent within the cement fans, with portions of the

crystals engulfed by composite (pseudaspar) crystals, which are also

radially divergent. 1In other words, the cowposite crystal cut across
the original fabric. Sweeping extinction of each composite crystal
1s caused by the addition of individual extinctions of the included

ray-crystals.

Iy Port au Port examples, ;elic fibres are not preserved
but defined by inclusions (either dﬁst or fluid) aiigned as radially
divergené lineAtions from ;he base of a fan. Perpendicular to these
lineations are ot discontinuous lamin;e which ﬁay be breaks 1in fan
‘growth. The pseudospar that includes portions of the lineations and
la?inae is similar in morphology to the composite crystals of Mazullo
and Cys (1979). The fseudospar exhibits faint sweeping extinction,
though'aistribution of these is sporadic within a fan. The faint
extinctions may represent relic and poorly preserved "ray-crystals"
'within the pseudospar.

Mazullofand Cys (1979) suggest an aragonitic precursor
for thetr fans. In the Port au Port examples the fans have a different
style of neoﬁorphism than the fdscicular-optic calcite. This is well
deﬁicted in one sample where.the latter type of cemént encrusts SC-A
cement (Fig. 82). Isolated fans or b;tryoidal laminae of aragonite

are deseribed in modern strats (e.g., Ginsburg and James, 1976). The

T o em e
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fans in the Port au Port example are found in groups of two or three
or, commonly 1igolated, attached to and infilling small cavities. They

are never in an isopachous fringing-aitftude as is the interpreted

Mg=-calcite cement. Based on the above compar isons, the fans are con-

5 Il

sldered to have had an original aragonite mineralogy.

A related type of calcite, the SC-B cement, is found in
vertically to horizontally stacked botryoids in the ‘minor micritic
lizedtone in Agua'thuna Cr;ek. This fabric 1s similar to fabrics
described by Davies (1977; pg. 14, Fig. SA) for aragonite botryoids
in intermound sediments associated with Permo-Pennsylvanian reefs in

{ ,
the Canadian Arctic. He shows chemically and petrographically that

> ,
the botryoids were probdbly composed of fiin:ous’radially divergent
aragonite crysta‘ls which may be altered in varlous stages, to equant
pseudospar. With the alteration, the strontium con'tent décreases.
| As 1ﬁT£s example, the Aguathuna Creek limestone ?as
internal sediment of peloids at:d micrite suggesting continual to
s;poradic sedimentation during ceme_r}-t growth. Some of the sediment

infi11ls depressions between botryoidé indicating that the cement.surface

vas a relatively hard substrate. Cathodoluminescence shows the

. presencé of inclus#ns, not seen in plain light, which are aligned in

radially divergent lineations converging at the base of each botryoid.

These cement types are also non-luminescent again suggestive of marine

deposition (Myers, 1974), The tops of the botryolds, defined by

micrite laminae, often show vague chisel-ends to fibrous fabrics not
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unlike textures interpreted as ev'idence for aragonite by Louck.s and
Folk (1976). 'I:hué, this type of cement is also interpreted to be an
early diagenetic aragonite cement.

In the mound facles, pseudospar aimilar.to SC—Jt}'pe calcite
occurs, in irregular -isc‘xlated to stacked "bodies", defined by bounding
micrite laminae. This micrite laminaila is similar to the laminae
associated wit{1 aragonite cements described above. Most laminae can
be traced between structures or are builF up from some base. Small .
botryoids, 60 to 100 micrometres long; some with chisel to feathery
edges, may be associated with these buildups enhancing the interpreta-
tion that these irregular bodies are aragonite cement as well. Davies
(1977) sug;ested that the micrite laminae within his samples may be
of an organic origin. No evidence of organics (algae, e:é.) associated
with the ﬁicrite in the laminae in the Port au Port exampleé was noted,.
It 1s suggested that the laminae represént bréaks between cement
growth, where vertically stacked botryoids or irregular 'éement bodies
are formed, or a form bf sutured boundary wl-‘le e growing edges of fans

converge. N . R

(111) Other Early Diagemetic Featurds - One stage of

mineralization 1s interpreted to have taken place early in the dia-

. genetic history of these rocks: sulphate precipitation. Prismatic

anhydrite occurs in well developed crystal splays infilling vugs, and

lenticular gypsum 1is found formed in micritic muds. .Both examples are

calcitized by late stage phreatic fluids. Lenticular gypsum is found

I T




"in modern e::xvironments, in unconsolidated muds down to depths of several
metres in fhe sub-surface (Cody, 1979). This form of gypsum infiicates
both organic-rich gﬁds, and alkaline fluids within the groundwater system
(Cody, 1979).

The mieritization of unknown particles, and some g‘;stropods,
took place within the marine environment during deposition of sedimenﬁ.
Compaction of allochems; producing broken fragments, occurfed\in the
early stage of diagenesls both prior to, and after, cementation by Mg-

|
calcite and aragonite.

The time ®f neomorphism of the original mineralogy and fabric
in speleothem deposits is unclear im the Port au Port region. Dolomiti-

zation of some of the laminae within cave deposits can occur early due
- ‘

to changing Mg/Ca ratios in the cave waters (Thrailkill, 1967, 1971).

Pu Lk,

Though Mg-rich calcite or dsllomite may precipitate as a primary deposit .

in caves (Thrailkill, 1971), the cry‘stal textures in the Port au Port

bsamples suggeét calcite (possibly high Mg-calcite), with dolomite forming

as a secondary replacement. The bright luminescent quality of mt;st_of
the speleothem» deposits indicates that they were deposited under phreatic
conditions (Myers, 1974). |

) Replacement of micrite by dolomite rhombohedra is considered

to occur in the early stages of diagenesis. In the zebra rock,

dolomite rhombohedra are found in a fragment of the host biomicrite

.
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surrounded by interpreted high magnesium calcite cement (Fig., 9§);

The cement infills horizontal cavitjes develo;;éd in the biomicrite.
The cemeént also acts as intergranular cement in the biomicrite_sand-
‘yiched between the palaeocavities. Thus, a possible syn—sedimentary
to pre-cementatrion replacement of micrite by dolomite is considered.
Packstones iﬁ Big Cove have frlagmented rhon%:hedra. These are similar
in texture to the rhombohedra in the zebra rock, though not nec‘essarily

derived from this source. This suggests erosion and fedepOSition within

" the Upper Mississippian marine environment.

8.10.3. Middle Stage Diagenesis

‘

Dlésol_utioq of elements such as gastropods, some pelecypods,
and unknowns producing micrite r‘.ims, took place‘ as s‘(;lutions passed
through dissdlving upstabie dragonite. As.no vadose textures are pre-
served (e.é.', vadose cements), it is suggestéd that most dissélutidn
took place under mete(;ric phreat’ic conditions. An impor'tant' middle

stage. feature 1s the evidence of widespread fracturing of fauna/cement

structures and inter- and intramound sediment. This fractuging is found

both in outcrop localities which have obvious late faulting, as well

as in outcrops where no faulting 1s evident. The competent nature of
. . A

the intramound micrite suggests eariy lithification despite lack of

visible Mg-calcite of ‘aragonite cements. This suggests lithification

-

¥ of micrite prior t;) fracturing. Fractufing occurs prior to precipita-
tion of late stage cement (EliC-type) but after all early cements. No
fractures .are lined with #kese latter cements-. Therefore, the frac-

turing occurred prior to the phreatic environment.
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Stylolites are associated with f'racturing in the
mounds, and may exhibit up to 20 millimetres relief. They prefer-

entially affect the fauna/cement stlructur':es, and are not seen to cut late

L stage cement or fractures. Therefore, they developéd as fractur.ing induced -
pressui’e in the well-lithified strata. The cause o'f')the fracturing,
© ard associated styloliteé, is unclear. Buxton and Sibley (1981) note

that vell developed 's.:tylolites occur in lithified sediments with only

1500 metres of depth of burial. In the Port au Porat' example, as prograding

fluvial and red-bed sedimentation built up the overlying thickness of sediments,

fracturing may have been induced 'within the carbonates, which were alfeady
well li/thifiedvdue to the early‘cementation.

“ The time of alteration of the early aragonite and Mg-
calcite ceménts is interpreted to be middle- gtégé' as well, This is
'Neomotphism 1, .;efefred to above.: The lack of luminescence associ'a}:ed

with the spar in the aragonite cements suggests that the cement was

" completely altered to low Mg-calcite by the time late stage phreatic

fluids were' moving. No solution moldi‘c-—reprecipitation alteration of

the aragonite cement occurs. Irxllitial alteration of the interpreted high
Mg—calcite'cements occurred prior. to late stage diagenesis as well. However,

during Neomorphism 2 (movement of phreatic fluids), the edgés of the ‘

FOC fans (previous’ly, the Mg-calcite cements) were neomorphosed to . .
COALI'SE bseudésp@r. l’Well dev.elope.dr FOC fans are most susceptible suggesting °

1

a_ possible crystallographic control for this second alteration event.

| Wy e A O
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8.10,4. Late Stage Diagenes‘is

This stage of diagenesis cam be divided 1into four parts:
(1) cementation, mineralization, and Neomorphism 2; (11) replacement

of cemented sediment by dolomite, barite/celestite,' and minor marca-

si‘te; (111) ferroan calcite veinlets and minor mineralization-associ-
«ated with faulting; and (iv) dissolution forming moldic porosity.

‘ (1) Equant blocky calcite infills any remaining pore
spaces and fractures in all clastic and carbonate sediments in all
three lithofacies on the Port au Port Peninsula. Luminescent studies
show that the. cements. luminesce brightly, reflecting the amount of
manganese and iron within the calcite lattice. In order for the
calcite lattice to incorporate the cations, a reduciné environment

’

(e.g., phreatic fluids) 1s needed. At least four dtages of cement

. precdpitation within a given pore may be recognized., A detailed

study of the cement stratigréphy iy the different lithofacies was not
attempted. The irregular nature in the alterafion of iron contents
within this cement between the Upper Sequencé and Lower Sequence of
the carbonate/clastic lithofacles suggests different stages of cement
deposit'ior{. Mineralization of marcasite, minor pyrite, galena and
sphalerite, as well és barite and rare gypsum is associated with the
cement.
Desulfitization, and calcitization, of anhydrite and.

gypsuﬁ: occurred during this stage. Calcite replacing the anhydrite

«

in pores may exxend laterally without break into EBC-type cement,




which infills the remainder of the ‘poré. Small blebs of iron sulphide,
probably marcasite, are associated with the altered lentlcular gypsum
éuggesting alteration by EBC mineralized fluids. Phreatic fluids can
{e’place sulphat; \lvitrhoixt a s;zlution phase (West, 1964).

In the_zein‘a rock of Big Cove Creek, partial alteration
of the possible magnesium calcite cement' to the coarse pseudospar
occurred at this time as well. .It is suggestéd that fluids migrated
along fractures devg)loped .'at the contacts between downward-directed
coarse fans of FOC cement (that are interpreted to infi1ll horizontal
cavities within a biomicrite host) and the underlying mixture of this
cemex{t and sediment (pelpids and micrite) in which rare fan development
occurg (Fig. 103a,B). The fluids altered both edges of the crack, but
appear to altter much more of the fap cement (due to a more ordered
morphology of the cement?). Neomorphism of the underlying peloid/
micrite/cement mixture produces microspar to fine-graine;i pseudospar
with the 1ncludedvsediment. The ‘density of the. included sediment
rema..t!.ns fairly constant if adjacent neomorphic and original fabrics are
compared. Moving fluids may also have contributed to the b;ediment

content.

§

The geopetal microspar which overlies graded sediment in
mound pores and cavities is considered to b~e' produced by neomorphism

by phreatic fluids moving through the vugs. Commonly, the top layers ~

of the multigenerated sediment may also be neomorphosed.

-
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FIGURE 103A:

FIGURE 103B:
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Zebra rock. Alteration of fascicular-optic
calcite cement to coarse pseudospar {(a). Arrow
points to contact of coarse pseudospar (possible
"replaced cement) and peloid/pseudospar (early
geopetal sqdiment during growth of the mrige
fans?). Photomicrograph in plain light. Scale
bar is 450 micrometres. ' ’

Same view as in FIGURE 103A, but cross-polarized.
light. To the right of (a) and above (b),

sweeping extinction extends into the pseidospar.’
Near (a), the extlnction extends down to the contact
indicated in FIGURE 103A. 1t is suggested that
fractures developed along this junction between

the cement splays and the possible geopetal sediment
allowing late stage phreatic fluids to penetrate
the rock. The fluids would then alter the early
cement sporadically. Photomicrograph. Scale bar
is 450 micrometres. ‘
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(11) After the late stage cement has produced a well-

cemented rock, replacement of cement and allochems by dolomiée, barite/
celestite, and locally marcasite and/or pyrite may occur (e.g., .

Aguathuna "Island", Gillam's Cove). The presence of magneé®ium and the
4
acting as source region for the fluids.

S0 radicai within replacing fluids suggests that the evaporites are

5 (111) The third.part of the late stage diagenesis occcurred
after late cementation, but its relation with (11) is unclear. Ferroan
calcite veinlets crass—cut strata, mine;alization, and late stage‘cement.
Poorly devel&ped-barite may be included in the veinLets.‘/This may be
reactivated barite, as most of fhe veinlets are unmineralized. w1trtn
the fault zones, minor pyrite occués.

(1v) The lést st;ge of diagemesis is taking place today.
Preferential dissolution, sporadiec in distribution, of certain peloids,
micritic laminae asaoéiated with algal strhctures, and g& sum, leaves
strata extremely poroué and rubbly. This dissolution 1g due mdﬁern
karatification of the Upper Hissi;sippién strata, though this is
primarily confined to the soil/rock interface. It is evident that the

karst effects decrease with depth. The gypsum is unstable in the

present vadose environment as evident from the karst topography in the

‘gypsum cliffs at Romaines ﬁrdok. A curious problem associated wlth‘the

dissolution process 1is, why 18 it confined in the carbonates to the

micritic structures, and what 18 the cause of the green colouration

associdtéﬁ with affected micrite?

it gy

ek s

. Y g -




s

8}11. Summary

- | Ghe diagenetic sequence discussed above .1s shown diagram-
matically in Figure 102. Not all features can be found at any one
covq,‘or, in any one hand specimen. In summary, the diagenesis of the

carbonate/clastic lithofacies involved a progression from marine cementa-
tion andAsedimentafion; to-fracturing (by the overburden of terrestrial
sediments?) and postburial cementation and mineralization In the phreatic
-Zone, in;e;vals of neomorphism continued frombmiddle to late stages, and
include the alteratioﬁ of originai aragonite, and Mg-calcite cements,
to composite crystal and fasclcular-optic éaicite, respectively, during
'éhe Middle Stage. -

Alteration of fascicular-optic calcite to pseudospar,
which mimics late stage‘calcite éement, and aiteratiqn of micrite to
local patches of microspar and pseudospar occurred dﬁring~Late'Scage
diagenesis, The ferroan calcite veinléts interpreted to be assoclated
with faulting ;hat‘deform some of the Upper Mississipbian sediments,
imposes a control on tge conclusion of late stage cementation. The
veinlets>cros§—cut late stage mineralization and cement. This cement is
interprétéd to have lithified both the Upper and Lower Sequence of tﬁe
carbonate[clastic lithofacies and probably the overlying red—béds.

Therefore, all diagenesis, except. for late dissolution and minor miner-

alization, has_occurred‘prior to faulting. Unfortunately, thils does

i .
not impose a control on the age,of the faulting or the length of

the Upper Sequence sedimentation. °
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The alteration of the original speleothem textures to
thgir presently preserved textures would have taken place in a similar Sf/:
diageneti¢ environment as was present for the initial neomorphism of
the marine cements (Neomorphism 1). The interpreted age for the
speleothems is pre-Alleghenian; whether they were cmte@oraneous with,

n

or formed before, the Upper Mississippian sediments is unknown.

.
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CHAPTER 9

CONCLUSTONS

In Mississippiaﬂ time, the Port au Port Peninsula was an
upliféed ri&gé of early'Phlaeozoic carbonate strata which were first
karsted and then gradually buried’ky coeval deposition of carbonates; )
evaporites, and terrigenous clastics which prograded out over adjacerit
m&rine B;sins. Post-Mississippian erosion has removed most. of this

cover and exhumed the karated early Palaeozoic tore with small pre-
[ 9

Qerveilremnants of the once extensive Upper Mississippian cover’
fringing the‘rigge.

" Two styles of karstification are preserved on the Ordo=- ’
vician carbonates. The first, a surface-solution phenomenon, formed

on Table Point Formation carbonates, and a similar limestone 11thology,¥~,/

: L 4
" 1in the St. George Group, exhibits karst features which g§re predominantly

solution grooves ranging from small (rillenkarran)- to large (karst
valleys). .The second style, controlled by subsuiface drainage, formed

within the alternating dolomites and limestones of the St. George Group.’

f

'Caves; and interpreted collapsed caves (now valleys), form the present

day landscape. Speleothems of Early to Late_Mississippian.hge are
rare, but where present include drusy-calcite fissure f11lings dnd

cave precipitates. Modern karst affects the Upper Mississipﬁian sedi-

‘ments producing moldic porosity and appears to have locally rejuvenated

the Early Mississippian karst lgndscape.

!
1
#
3
%
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Upper Mississippian sediments (Cédroy,Group), preferen-
tially preserved in karst deprfssions‘ipd low ly;ng areas of the
peninsula, are subdivided into three lifh;facies:

(1) terrigenous clastic facieg.(red’éandstone, con-
| glomerate, and bréé%&§§,;epoafted in an akluvial
g, .
fan - braided stream environment and ove:lies
both Table Point Fofﬁation, St. George Group (both
Ordovician in/%ge) and earlier Mississippian strata;
(2) sulphate/clastic facies'Sconglomerates, laminated
migritic limestone, laminated s;ndy_gypsu;, and sand-

. stohe) deposited initial}y in a nearshore, shallow
water hypersa;ine'environment which later became
brackish to fresh (sanﬁstoné’? and overlies Humber

~ Arm Superéroup (Ordovician) and thins onto Table
Point Formation;

(3) carbonatefclastic facies (Lower Sequence: biohermal
and blostromal limestone, and interbedded sandstone;
Upper Sequence: sandstone conglomerate, breccig an&
minor micritic.limestcne) deposited initially in a
near-shore marine environment flﬁcéuating from hyper-

» saline to brackish wafer cénditions, éolloved by

- dominantly brackish to fresh wvater conditions (clastics),

-

\ nd overlies Table Point Formation and St. George Group.

1

17
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Upper Mississippian seas along the northern and western

b margins of the Port au Port ridge supported an abundant community .

dominated by brachiopods, b.lt'.te-green algae, bryozoans, pelecypocis,
ostracodes, and gastropods. Notably absent are crinoids/echinoids and

,true corals (only conularids occur); reduced to a few species and/or

»

individuals are forams, conodonts and cephalopods. Detailed sampling
of the macrofauna indicates that they are fac:les-control'l'eg within the

strata

.

carbonate./"clast:lc; lithofacies. Fauna assigned to Uppe; Codroy
by Hayes and Johnson (1938) and Bell (1948) occur/below and/or are
equivalent to Lower Codroy fan‘ma.‘ Few macrofauna occur in the sulphate/
clastic lithofacies, and none occur In the terrigenous‘clastic litho-
facies. Pla.nts grew on the slopes of the exposed Port su Port- ridge,
. . . 'as'interbeddéd sandst\pneg in both sulphate and ca‘rubonat;/clastic litho-
facies contain a well preserved spore assemblage. Plant debris is also
. ,‘ associlated with the sandstones but poorly preservéd‘ __J »
The Lower Sequence carbonates are composed of bryozoan/’
" algal mounds. Intermm:nd sediments include fossiliferous carbonafe,
black shaley limestone, and/or calcareous sandstone. The mounds are
either isolated or are vertically and horizontally stacked to form
bioherm complexes. Hollusc; and ostracodes are predominate within the ©
intermound sedimentiwhereas bryozoans, algae, brachiopods and worms are

prevaient within the mounds. Most mounds have a well presegved bryozoan
4 ' ‘ 3

baffle which consists of individuals coated and joined together by syn-

I

e s e pt—
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/ sedimentary marine cement. Multigenerations of graded sediment infilled
} the pores and cavities in this structure. . Localiy, restriction of pore 4

waters within the mound allowed salinities to be raised ro sufficient
levels for precipitation of anhydrite/g};p‘sum. '
The diagenetic history of the carbohate/clastic lithofacies
- includes: ‘(1) the precipitation of probable aragonite and magnes ium
calcite cements, in a marginal marine envirpmnent, followed by; (2)
sﬁallow burial by prograding flnvi:;l' and terrestrial sediments,
resulting in; (3) fracturing and stylolitization of the lithified -
sediment. Within the remaining primary porogity and fractures, pre-
cipitation of (4) late stage phreatic cement, i.nd associated sulphide/ '
sulphate mineralization occurred in the phreatic zone. Sulphate

mineralization also took place after this latter event replacing the

late stage cement, as well as in early diagenesis during the deposition

el e

of the carbonate sediments. L |
- The early isopachous maénesium calcite cements are neo-

morphosed to fasciéular-optic calcite, and 'then locally altered by

late .stage' phreatic fluids to a bl;acky equant pseudoépar gimilar in

texture to the late stage cement. Evidence of thils secondary altera-

[

- tion is the extension of the sweeping extinction of the fascic(lar— '

optic calcite, and rare relic fibres (or inclusions)Y into the coarse

. .

e e

pseudospar. . v ’ "

Calcite apar interpreted to once have been aragonite

EERPERSHES

O

cement is preserved as fans, botryoids, and/or btodies of ittegtilar

shape, exhipting micritic outlines some of which have poorly defined
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chisel-shaped terminations. These structures are always altered to
\}

equant br slightly elongate pseudospar and never form isopachous rims.

In both cement types, incorporated sediment and encrusting worm tubes

suggest that during sedimentation the cement structures were rigid

features .. - A - ) e
‘ V4

Late staée calcite cement is~co&t7?ed of coarsely crys-

talline ferroan to non-ferroan calcite, and 1s the last cement 'pre-
) A

cii)itate in all lithofacieg. No consistent pattern in the 6rder of

< e g

1rpon content is distinguishable but non-ferrcan calcite 1s the most
common. A

Subseduent to the preceding\diagenesis‘, faulting, inter-
preted as occurring during Alleghenian defovrmation, formed. graben
structures within-some karst valleys. Minor sulphide mineralization

' may be associated. These faults ére thought to have developed along

palaeolineaments initially formed during the Acadian Orogeny.

Three significant observations duriné this sﬁudy have
important implications for the: A.’tlantic Carboniferous bésin: (L
facies-controlled ‘fauna ,l and abundant "marine" fauna in m'arginal marine °

conditions; (2) coeval deposition in markedly differént environments

in a small region; and (3) the occurrence of mounds in the marine sedi-

v
2

ments.
- '

(1) Macrofauna, and probably microfauna, are facles-con-

‘trolled casting doubt upon curremnt biostrat_;{.grap}iic zonations for the
Upper Mississippian in Atlantic Canada., It ds suggested that miospores,
i . P
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unﬁffecte& by marine conditions, would be more suitable fét detailed

chrdn_osttat‘igtaphlic evaluatipﬁs. The presence of brachiopeds and

btyozo;ns in inierpreted hypérsaline to brackish ‘environments adds tc;
the growing reaiization that thdse fauna are'not restricted to normal
marine conditions. . A

(2) The lateral equivalence of markedly different Upper
Missi'ssippiar; environments as defined on the Port au Port Pe?ﬂn
has profound significance in ‘areas _elsewhere in the Atlantic Carb
‘eroua balsin where outcrap exfmsure, or control, 1s poor. Extensjive

deposits of gypsum, thin associated limestone units, and fluvial to
. . ’

alluvial red-bed sequences are characteristic of the Late Hississibpian
iﬁ Nova Scotia, Néw B-runsvick, ar;d Newfoundland. -Using the stratigraphic
relati_onéhips of the Port a;.l Port'Penins.ula as an example, the ‘apprecia-
tion of complex lateral ‘facli?s changes would be ct;itical in pilecing
together"the vertical stratigraphi;- seque;l;:-e. ’

(3) The occurrance of carbc;nate mounds in the Late Missis-

sippian in the Port au PW& part of a worldwide phenomenon
"y ]

during the Early Carboniferous. Their lithology (with well preserved
baffle structure) and sédimeqtary facles (neets;\ore, marginal marine), f
however, :L-s in marked contrast to the,Waulaortian?type mounds described
in the United States and Europe (dominantly shelf-edge, open marine).

It‘ ia. unknown whether mounds exis“t in the offshore Mississippian gedi—

" merits in the Port au ¥ort area; the pregence of a rocky karsted shore-

line may have provided unique1 energy and environmental conditions.
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