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ABSTRACT

The Bay St. George subbasin is one of two major depressions filled
by Carboniferous sediments in insular Newfoundland. It 1is the
northeast extension of the larger Maritimes Basin. It contains
approximately 10 km of sediments ranging in age from Late Devonian to
Late Carboniferous of which strata of the Anguille Group (Famennian -
Tournaisian age) and the Codroy Group (Visean age) are described here.

Both groups contain mostly nommarine terrigenous clastic sediments

with marine strata only within the Codroy Group.

The subbasin is believed to have formed as a pull-apart trough,
rather than as a simple rift, adjacent to, and west of, the
northeasterly trending Long Range fault, a major strike-slip structure
that is part of the Hercynian Cabot Fault system in western
Newfoundland. Dextral, strike-slip movements began in Middle or Late
Devonian time and ended in Early Carboniferous (middle Visean) time.
Three basin-fills, each approximately 3000 m thick, filled the pull-
apart sequentially so that the oldest fill now occurs 1in the
southwest and the youngest fill in the northeast. The first two
basin-fills of Famennian and Tournasian age (Anguille Group), were
deposited within an elongate, 30 km wide trough which initially formed
between divergent faults near the southern margin of the Precambrian
Steel Mountain anorthosite and which with time enlarged southwestward.
The third basin-fill is made up of middle Visean strata (basal part of
the Codroy Group). By this time, the subbasin had broadened to 60 km,

and was 1irregular 1in shape, consisting of several subsiding
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depressions separated by fault-bounded archs. Wrench movements ceased
in middle Visean time and the subbasin was subsequently influenced by
block faulting when sediments of the upper part of the Codroy Group

were deposited.

The Anguille Group comprises Famennian redbeds (Kennels Brook
Formation), and Tournaisian deepwater lacustrine black shales and
mudstones, and turbidite and deltaic sandstones (Snakes Bight
Formation), gray, fluvial-deltaic sandstones and shales (Friars Cove
Formation), and red braided stream sediments (Spout Falls Formation).
Gray conglomerates of the Fischells conglomerate member of the Spout
Falls Formation formed a local alluvial fan on the northwestern margin

of the subbasin.

The Codroy Group of middle to late Visean age consists of marine
and nommarine rocks that appear to overlie conformably the Anguille
Group. The basal Ship Cove Formation 1is a thin, subtidal to
intertidal, laminated limestone (Windsor subzone A). Subsequent marine
sedimentation includes sulphate and chloride evaporites that
accumulated in sabkhas and shallow salinas (Codroy Road Formation and
lower Jeffrey's Village Member of the Robinsons River Formation -
Windsor subzones A and lower B). Associated carbonates and fine
grained, gray to red siliciclastic rocks of the Codroy Road Formation
and Jeffrey's Village Member formed in shallow seas, in lagoons, on
shorelines and rarely as bioherms. Some nonmarine redbeds are

intercalated with the basal marine deposits, and increasingly dominate

the upper part of the Jeffrey's Village Member and the overlying
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Highlands Member of the Robinsons River Formation (Windsor subzones B
and C). These redbeds were laid down on playa flats, on coastal and
alluvial plains and on alluvial fans. Younger strata of the Codroy
Group are confined to the southwest of the subbasin. Flood plain and
alluvial fan were deposited there together with minor lacustrine and
shallow marine rocks of the Mollichignick and Overfall Brook Members
of the Robinsons River Formation and deltaic rocks of the Woody Cape

Formation (Windsor subzones D and E).

Detritus for the groups was principally derived from uplifted
lower Paleozoic crystalline and volcanic terranes southeast and
northeast of the subbasin. Lower Paleozoic platformal carbonates and
quartzites and Taconic allochthonous ophiolite and flysch sequences
were an important local source area for the Anguille Group northwest

of the subbasin.

Evaporites and calcretes suggest that the Carboniferous climate

was dominantly semiarid. Aridity was most intense during the middle

Visean but humidity increased during the late Visean.
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CHAPTER 1

INTRODUCTION
Rocks of Carboniferous age occur in several areas of Newfoundland
(Figures 1 and 2); the best known are those in the Deer Iake and St.
George's Bay areas. The Carboniferous rocks of the St. George's Bay
area form the northeastern corner of the Maritimes Basin (Williams,
1974), a much larger Carboniferous basin that underlies the Gulf of
St. lawrence and adjacent land areas (Figures 1 and 2). The part of
the basin in southwestern Newfoundland is termed the Bay St. George
subbasin and it is the subject of this report. Onshore the subbasin is
developed in a zone 22 km wide between St. George's Bay and the lLong
Range Mountains, extending 125 km from the coast near the Codroy
Valley, northeast to the vicinity of Stephenville. Rocks of
Carboniferous age that belong to the Bay St. George subbasin extend

offshore beneath St. George's Bay (Figure 2).

Geographical Setting

Three distinct topographic areas occur in the Bay St. George
subbasin, namely, the St. George's Bay lowlands, the Anguille

Mountains and Bald Mountain, and the Codroy lowlands (Figure 3).

The St. George's Bay lowlands consist of a gently rolling coastal
Plain, 60 m in elevation, which rises gradually to 225 to 300 m as it
is traced inland towards the Long Range Mountains. The latter
mountains form a dissected 450 m plateau, rising abruptly from the
lowlands along a pronounced scarp. The lowlands are fashioned

generally from easily weathered sedimentary rocks of the Codroy and



D=
Barachois Groups. However, more resistant strata in the vicinity of
Brow Pond and Mt. Howley form a steep upland plateau, 300 to 375 m
high. Thick glacial drift as well as outwash and marine deposits
(Brookes, 1969, 1977b; Vanderveer, 1975) cover much of the area and
have been incised up to 90 m by rivers which cross the lowland,

northwestward from the Long Range Mountains.

The Anguille Mountains and Bald Mountain are composed of more
resistant Anguille Group strata and form an upland, averaging 525 m in
elevation with steep flanks, generally reflecting the structural dip
of underlying rocks. Streams, which are generally short with a steep
gradient, radiate out from the mountains, whereas some long streams
run parallel to the structural trends. The mountains were only
locally affected by glaciation (Twenhofel and MacClintock, 1940;

Brookes, 1977a).

The Codroy lowlands are a southwesterly trending, funnel-shaped,
geamorphic feature beginning near South Branch and opening out to the
southwest; they are drained by the Grand Codroy and Little Codroy
Rivers. The lowlands are a preglacial fea.tﬁre, modified by Wisconsin
ice movements (Brookes, 1977a) and scourgd in Codroy and Barachois
Group strata. They lie between the Anguille Mountains and the southern

end of the lLong Range Mountains.

The coastline throughout the area is lined by cliffs. Sandy
beaches are rare except locally in the Codroy lowlands and more

extensively along St. George's Bay. The area 1is generally covered
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with spruce forests, low-lying tuckamore spruce, open heaths and large
boglands . A cool temperate climate with moderate precipitation and
generally heavy snowfall is characteristic of the area. Summers

had little rainfall during the period of the study.

Access to the area is provided by the Trans Canada Highway from
which secondary roads branch to the many coastal settlements. Woods
roads, power lines, the main Newfoundland railway line, and rivers and
streams provide further access into the area. Much of the coast in
the St. George's Bay and Codroy lowlands is accessible by road and
foot but the coastal exposures in the Anguille Mountains generally

cannot be reached without the use of a small boat.

Regional Geological Setting

Carboniferous rocks are extensive throughout the Atlantic
Provinces (Poole, 1967; Belt, 1968a and b; Hacquebard, 1972) and
offshore areas that surround Newfoundland (Sheridan and Drake, 1968;
Watts, 1972; Williams, 1974; Haworth and Sanford, 1976; Haworth et
al., 1976; Jansa and Wade, 1975) (Figure 1). A Carboniferous basin,
the Maritimes Basin, has been delineated by onshore mapping and
extensive geophysical surveys of offshore areas. It underlies large
parts of Nova Scotia, New Brunswick, Cape Breton and Prince Edward
Island and extends beneath the Gulf of St. Lawrence to outcrop onshore

in southwestern Newfoundland.

The name, Maritimes Basin (Williems, 19T4), is preferred here to

Fundy Basin (Belt 1965, 1968a and b, 1969; Kelley, 1967Tb), Fundy
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geosyncline (Poole, 1967), Fundy epieugeosyncline (Hacquebard, 1972;
Bowie and Barss, 1975a and b) or St. lawrence basin (Geldsetzer,
1979). The term Maritimes Basin is used strictly in the geographical
sense to define a depositional basin in which all salient features of
the Carboniferous of the area can be grouped and includes no reference

to the presence or absence of deformation.

Three structural elements occur in the Maritimes Basin: platforms,
subbasins and arches or ridges. The platforms (Figure 2) overlie older
Acadian basement and are composed of relatively undeformed sedimentary
rocks up to 2000 m thick. They include the New Brunswick platform and
the Nova Scotia platform. The Newfoundland platform, which Belt (1969)
and Hacquebard (1972) proposed as occurring in the central parts of
the island, does not strictly conform to the above definition of a
Carboniferous platform. Central Newfoundland shows no evidence of
having been covered by a sedimentary blanket; instead, during the
Carboniferous, it was a major upland from which large quantities of
detritus were shed into the adjacent basins. Some fault-controlled
Carboniferous deposits were, however, laid down in very localized,

landlocked valleys, e.g. Red Indian Iake (Kean, 1978).

A complex of subbasins containing up to 9 km of Carboniferous
rocks (Figure 2) occurs in the centre and along the southeastern side
of the Maritimes Basin. They have been delineated by mapping,
geophysical surveys and drilling, and include the Cumberland basin,
Moncton basin and East and West Magdalen basins (Belt, 1968b; Watts,

1972). The Bay St. George subbasin projects northeastwards from the
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East Magdalen basin (Haworth, 1975a and b) from which it is separated
by a narrow arch (Howie and Barss, 1975a). Hobson and Overton (1973)
and Spector (1969) suggested that 6 km of sedimentary rocks occur in
the Bay St George subbasin, however the present work suggests that up
to 10 km of sediment was originally deposited. A small, unnamed,
north trending Carboniferous subbasin formed along the western edge of
the Humber Arm Allochthon Just west and north of the Port au Port

Peninsula (Shearer, 1973; Haworth and Sanford, 1976).

The subbasins are separated by ridges or arches (Figure 2). These
topographic highs are composed of exposed basement rocks such as the
Cape Breton Highland Massif and Cobequid Arch-Antigonish Massif
(Belt, 1968b), or are hidden by a thinned Carboniferous sedimentary
cover up to 4 km thick, for example, the Fast Magdalen Ridge (Watts,
1972; Mayhew, 197k). A major ridge, the Cape Breton-Newfoundland Ridge
(Watts, 1972; Mayhew, 197Lk), extends across Cabot Strait from the Cape
Breton Highland Massif to the Long Range Mountains of southwestern
Newfoundland. This ridge forms part of the southeastern margin of the
Maritimes Basin, separating it from the Sydney Basin (Howie and Barss,
1975a and b; Jansa and Wade, 1975) and other depocenters on the Grand
Banks and the continental shelf of Atlantic Canada. Howie and Barss
(1975a) believe, however, that a thin veneer of Carboniferous rocks
was probably deposited over the Cape Breton-Newfoundland ridge. The
Deer lake and White Bay Carboniferous basins, although occurring only
50 km northeast of the Bay St George subbasin, are believed to have

been separated by an upland that supplied detritus to both basins.
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The Maritimes Basin is essentially a successor basin formed after
the campletion of the Acadian deformation of the Appalachian fold belt
(Poole, 1967; Belt, 1968b; Hacquebard, 1972; Williams et al., 19TL).
Uplift of the fold belt probably started during or soon after the
Early Devonian and molasse sedimentation became widespread by the ILate
Devonian in a taphrogenic zone (Poole, 1976). The northern margin of
the Maritimes Basin probably lies along the southern edge of the
Laurentian platform northwest of the Appalachian Orogen. It coincides
with the northern limit of Acadian deformation (Haworth, 1975a and b),
which generally trends westward from the Port au Port Peninsula to the

south of Anticosti Island.

The Maritimes Basin was filled mainly by fluviatile sediment
throughout its history, beginning in Late Devonian time and continuing
to the Early Permian (Hacquebard, 1972; Geldsetzer, 1978). Lacustrine
sedimentary rocks (Belt, 1965, 1968a) also occur, and one major marine
incursion is recorded in Upper Mississippian strata (Bell, 1929;
Mamet, 1970). Several rock groups are defined in the Maritimes Basin,
namely, in ascending order, the Horton, Windsor, Canso/Riversdale,
Cumberland and Pictou Groups (Hacquebard, 1972). In southwestern
Newfoundland three groups have been defined, namely, the Anguille,
Codroy and Barachois Groups. They are broadly both lithological and
time equivalents of the Horton, Windsor, Canso/ Riversdale and,
Possibly, Cumberland Groups of Nova Scotia (Table 1). The main marine
incursion is recorded in the Windsor-Codroy Groups. It corresponds to
& late Visean marine transgression which occurred throughout North

Africa and Burope (Schenk, 1971; Dillon and Sougy, 1974). A major
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hiatus in sedimentation from late Tournaisian until middle Visean time
has been postulated to have occurred in the Maritimes Basin before
deposition of the marine sequence (Mamet, 1970; Geldsetzer, 1977,
1978; Utting, 1980). This is disputed, however, by Belt (1968a and b),
Schenk (1975a) and Howie and Barss (1975a), who found no sedimentary
break in many places. Recent spore studies reveal a mixed
Horton-Windsor assemblage in basal Windsor units which Utting (1980)
hinted may support the view that the two groups are conformable. Rock-
stratigraphic relationships in the Bay St. George subbasin (Knight,
1983) support the notion of a conformable boundary. Here, as elsewhere
in Maritime Canada, no biostratigraphic evidence is available to

augment the lithostratigraphic relationships.

In general, volcanic rocks are rare in the Maritimes Basin. They
do, however, occur in the Mississippian and Pennsylvanian of New
Brunswick and the Magdalen Islands, in Hortonian strata of the Fisset
Brook Formation on Cape Breton, and in Upper Devonian rocks near
Antigonish (Keppie et al., 1978). The Fisset Brook Formation
abuts the Cape Breton Highland Massif (Figure 2) and is considered to
underlie and to be older than strata of the Horton Group. It consists
of intermediate to felsic volcanic rocks intercalated with Horton-type
Sedimentary rocks (Kelley and Mackasey, 1965). They compare closely in
tectonic position and lithology to the Windsor Point Group (Brown,
197T; Chorlton, 1979; Chorlton and Dingwell, 1981) which lies along
the Cape Ray Fault in southwestern Newfoundland. However, sedimentary
rocks from the Windsor Point Group (Chorlton, 1979; Chorlton and

Dingwell, 1981; Cooper, 195h4) contain plant fossils which have been
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dated as Farly Devonian (Dorf and Cooper, 1943; Chorlton, personal
communication, 1980) and hence are clearly older than the Fisset Brook

Formation of Cape Breton.

The rocks of the Maritimes Basin were deformed in the Iate
Carboniferous during the Maritime disturbance (Poole, 1967, 1976;
Schenk, 1971, 1978). The deformation was most intense along a narrow
zone which extends through the Deer lake Basin (Hyde, 1978, 1979a,
1979b; Hyde and Ware, 1980) to the Bay St. George subbasin (Knight,
1983), and across the Cabot Strait to the western side of Cape Breton.
It then passes westwards +through northern Nova Scotia and
southwestwards into southern New Brunswick. This structural zone is
called the Fundy 'basin' by Belt (1968a and b). Deformation in the
zone produced en echelon fold axes, recumbent folds, cleavage, steep
to inverted bedding and high angle, marginal and in-basin faults. For
these and other reasons, Belt (1968b, 1969) related the deformation to
oblique-slip movements along the basin margin faults. Tilted Lower
Carboniferous rock sequences are overlain unconformably by younger
Carboniferous strata in the Deer lake Basin (Hyde and Ware, 1981), in
Northern Cape Breton (Currie, 1977) and at Cape George, northern Nova
Scotia (Keppie et al., 1978). Such occurrences testify to local uplift
and deformation adjacent to faults during various time intervals in

the mobile zone of the Maritimes Basin.

Paleo~reconstructions of Laurussia and Gondwanaland (see IeFort
and van der Voo, 1981) at the end of the Carboniferous, and detailed

Studies of Devonian and Carboniferous rock facies and deformational
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events in North America, North Africa and Burope (Schenk, 197T1;
McKerrow and Zeigler, 1972; Rast and Grant, 1973; Dewey, 19T4; Dewey
and Kidd, 19T4) indicate that the late Carboniferous-Early Permian
Variscan/Hercynian orogeny must have affected the Maritimes area. The
deformation is postulated to have resulted from collision of the North
African plate with the North American plate. In Atlantic Canada it
produced the Maritime disturbance (Dewey and Kidd, 19T4) which was
confined to the mobile zone of the Maritimes Basin. Zones of
deformation coincide with areas of thickest Carboniferous deposition.
More recently, paleamagnetic and paleotectonic analysis of Devonian
and Carboniferous strata on a global scale suggest that both
sedimentation and deformation were controlled by large-scale, wrench
fault movements (Schenk, 1978; Kent and Opdyke, 1978, 1979; van der

Voo et al., 1979; Irving, 1979; Bradley, 1982).

Devonian and Carboniferous paleomagnetic poles for the Maritimes
Basin differ from those of cratonic North America (Kent and Opdyke,
1978, 1979; Irving, 1979). This has led these authors to suggest major
left-lateral displacement by 1500 km of an exotic terrane called
Acadia (Kent and Opdyke, 1979) or Appalachia (Irving, 1979). The
movements , which are postulated to have continued from the Devonian to
the Permian, would clearly have influenced the siting and/or migration
of basins as well as their infill and their deformation throughout the

Middle and Late Paleozoic.

In contrast, the formation of the Variscan fold belt has recently

been reinterpreted as the product of a right-lateral megashear between
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a sutured American-European plate and an African plate (Arthaud and
Matte, 19TT). Maritime Canada, in its position close to the southern
margin of the American-European plate, is shown to be part of this
system (Figure 9, page 1317, Arthaud and Matte, 1977). Bradley (1982)
has recently interpreted the formation and deformation of the
Maritimes Basin as the products of daminantly right-lateral strike

slip upon major regional faults.

Stratigraphic, sedimentologic and structural relationships within
the Carboniferous rocks in the Bay St. George subbasin all suggest its
evolution was largely influenced by right-lateral wrench tectonics and
by block faulting (Knight, 1983). Preliminary petrographic studies
also indicate that the basin evolved adjacent to the geologic terranes

that presently surround it.

Local Geological Setting

The north-easterly trending Bay St. George subbasin is located at
the Jjunction between the southern margin of the St. lawrence platform
and the Acadian-deformed rocks of central Newfoundland. It is closely
associated both geographically and depositionally with a major fault
zone that includes the Cabot Fault of Wilson (1962) to the north of
the subbasin and the Long Range fault (Bell, 1948; Riley, 1962), which

forms the southeastern margin of the subbasin itself.

Two distinct basement terranes occur to the north and southeast of
the Bay st. George subbasin. To the north, the basement is composed of

rocks which together form the Humber tectonostratigraphic zone of the
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Newfoundland Appalachians (Williams, 1978). The rock types (Williams
et al., 1972, 19Th4) include (1) Precambrian gneisses, probable
Grenvillian granites and anorthosites and Cambrian diabase dikes; (2)
Cambro-Ordovician clastic and carbonate rocks; (3) transported
sedimentary, volcanic and ophiolitic rocks of the Humber Arm
Allochthon; (4) greenschist-grade metasedimentary rocks similar to the
Fleur de Lys Group; and (5) late Silurian-Devonian redbeds of the Clam

Bank Formation (Rodgers, 1965; O'Brien, 1975).

To the southeast, the basement formed a major upland area in
central Newfoundland. This upland was surrounded by Devonian and
Carboniferous molasse and is now underlain by rocks of Precambrian? to
Devonian age. It includes dismembered ophiolites, metamorphic,
volcanic, sedimentary and intrusive rocks of the Dunnage and Gander
Zones of Williams (1978). The southern part of the ILong Range
Mountains which lie adjacent to the Bay St. George subbasin were
included in the Humber Zone by Williams (1978). New evidence (Chorlton
and Dingwell, 1981; Chorlton, in Chorlton and Knight, 1983) indicates,
however, that a large part of +this area is underlain by Iower

Palaeozoic oceanic crust and should be assigned to Williams's Dunnage

Zone.

The geologic terrane southeast of the Long Range fault is
traversed by the Cape Ray fault. The latter separates deformed Iower
Paleozoic oceanic crust (Long Range tonalitic gneisses and rocks of
the Long Range ultramafic-mafic camplex of Brown, 1976) from a thick

Succession of Ordovician metasedimentary and island arc volcanic-
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sedimentary rocks that overlie amphibolitized oceanic crust (Bay du
Nord and ILa Poile Groups) (Chorlton, in Chorlton and Knight, 1983).
Granitoids are present on both sides of the Cape Ray fault. The
Devonian Windsor Point Group is composed of a strongly bimodal,
subaerial volcanic rock suite with interbedded volcaniclastic and
sedimentary rocks and occurs at several localities along the trace of

the fault.

Ordovician to Silurian, felsic to mafic lavas, pyroclastics and
related volcanogenic sediments of the Victoria Lake and Buchans Groups
(Kean, 1977, 1978) occur further north in the central Newfoundland
upland. These gradeA southwards into a belt of paragneiss and
migmatites (Jayasinghe, 1979). Redbeds and intercalated, subaerial,
mafic to felsic volcanic rocks of the Botwood and Springdale Groups
(Williams et al., 1972; Kean, 1979) are also found. Granitoid rocks
intrude these groups and include the Topsails Igneous Complex (Taylor
et al., 1980) and the informal ILloyds River intrusive suite (Kean, in
preparation). Intrusive rock types include granites, granodiorites,

quartz monzonites, quartz diorites, alkalic granites and gabbros.

Previous Work

Carboniferous rocks of southwestern Newfoundland have been studied
intermittently for over a century since they were first identified by

Jukes (1843) and Alexander Murray (1873; Murray and Howley, 1880).

Description and subdivision of the Carboniferous rocks began in

1873 when Murray identified two major subdivisions, the Mississippian
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Windsor marine series and the overlying, possibly Pennsylvanian, coal
measures. He noted that five lithological sequences comprised these
subdivisions. These five sequences correspond closely to more recently
determined stratigraphic subdivisions (Table 1). Murray also measured
a number of sections along Fischells Brook, in the coalfield of the

St. George's Bay lowlands, and along the coast of the Codroy lowlands.

A three-fold subdivision of the Carboniferous into the Anguille,
Codroy and Barachois Series was proposed by Hayes and Johnson (1938)
and followed by Bell (1948) (Table 1). Both these investigations
described the lithologies and fossils of the subbasin. The faunas of
the Codroy Series, Bell (1948) noted, were molluscan-dominated, and
the fossils were small and of restricted diversity in comparison to
those of the Windsor Group of Nova Scotia. Nevertheless, they enabled
him to identify +the presence of the Windsor marine fossiliferous
subzones of Nova Scotia (Bell, 1929) in the Codroy Series. The shelly
faunas in the subbasin thus have a close affinity to those found in
northwestern EBEuropean Visean rocks (Bell, 1929) rather than to the
faunas of Mississippian sedimentary rocks of continental North
America. Bell (1948) also named many of the limestone units in the
area and introduced names for some of the Codroy coastal sequences;
for example, the Searston beds (Table 1). He also interpreted the
depositional enviromments of the series and described the subbasin in
& regional Maritime setting. The three series were redefined as groups
by Baird and Cote (1964) and Cote (1964), who proposed a subdivision
Of the Anguille Group into three formations (Table 1) and divided the

Codroy Group into lower and upper subdivisions. They described
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1ithologies briefly and showed that rocks of the Anguille Group were

nommarine and included river-lain and lacustrine deposits.

Utting (1966) studied the fauna and microflora of the Searston
beds and other strata in the Codroy Valley. He identified flora of
Namurian A age in the Searston beds, Westphalian A age in coal beds
near South Branch, and a marine fauna in other strata of Windsor age.
The ages of coals in the subbasin were dated by Hacquebard et al.
(1961) using miospores. They suggested that the coals of the Codroy
Valley are slightly older than coal measures in the St. George's

coalfield although both are Westphalian A in age.

Foraminifera were identified from +the Crabbes limestone, St.
George's Bay, by Mamet (1968), who suggested a Windsor subzone C age
for the important marker bed. The foraminifera were shown to have the
greatest affinity to those of the Arctic realm rather than Tethyan or
North American faunas. He reported that " most species common to
Newfoundland and western Europe are found in northern Siberia ,Alaska,
Yukon and the Canadian Arctic Islands ". He came to a similiar
conclusion in a broader study of the foraminifera of the Windsor Group

of Nova Scotia (Mamet, 1970).

Since this study started in 1974, paleontological studies of
shelly faunas (McGlynn, personal communication, 1979) and conodonts
(von Bitter, 1975; von Bitter and Plint-Geberl, 1978, 1979, 1982) have
Provided additional biostratigraphic information for the Codroy Group.

Shelly faunas collected by McGlynn from limestones and shales of the
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Codroy Group generally substantiate the subzone determinations of Bell
(191;8) . McGlynn has expanded the known faunal list and renamed many of
Bell's species in accordance with recent fossil nomenclature for the
Windsor Group (Moore and Ryan, 1976). Conodonts extracted from the
many marine units of the Codroy Group have been subdivided into four
faunal assemblage zones (von Bitter and Plint-Geberl, 1982) and

correlated with the macrofaunal subzones of the Windsor Group.

Comparison of the Newfoundland Carboniferous with similar strata
in the Maritime provinces was made in the earliest work by Murray
(1873) and continued in later studies (Hayes and Johnson, 1938; Bell,
1948; Baird and Cote, 1964; Cote, 1964; Knight, 1983). The main
conclusions were that the Anguille and Codroy Groups compared closely

with the Horton and Windsor Groups of Nova Scotia.

Stratigraphy, sedimentology and tectonic setting were investigated
later by Belt (unpublished report, 1966). He described lithofacies
(Belt et al., 1967; Belt, 1968a), patterns of sedimentation (Belt,
1968a) , and tectonic framework for the Carboniferous rocks in eastern
Canada (Belt, 1968b) and also provided the basis for comparison of the
Newfoundland Carboniferous with that of the northern British Isles
(Belt et al., 1967; Belt, 1969). He showed a consistent pattern of
Sedimentation in both Newfoundland and the rest of the Maritimes.
Alluvial fans formed adjacent to the subbasin margins and passed
basinward into alluvial plain fluviatile sequences which 1in turn
bPassed into lacustrine rocks in the center of the subbasin. This

Pattern is generally confirmed by recent lithofacies and stratigraphic
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studies in the subbasin by Knight (1983).

Maps of the Bay St. George subbasin have been produced by several
workers at a number of different scales. The earliest maps are those
of Hayes and Johnson (1938) which show the broad distribution of the
three rock series with more detailed maps of the Codroy area and the
St. George's coalfield. Bell (1948) produced small detailed maps of
the Codroy area and the coast of ©St. .George's Bay. Part of >the
Anguille Mountains was mapped by Baird and Cote (1964). The whole area
was covered sparingly in 1:250,000 maps by - Riley (1962) and Gillis
(1972) . Recently, Knight (1983) compiled the geology of the subbasin
in a map of 1:125,000 scale. A geological ma.p'of the St. George's Bay
lowlands was prepared by Verrall (1954b) during a gravity survey.
Structural studies have concentrated on marginal and intrabasinal
faults and associated folds (Phair, 1949; Belt, 1968b, 1969; Belt et
al., 1969; Webb, 1969: Knight, 1983) and all suggest that the Iong

Range fault possessed a dextral strike-slip component of motion.

The presence of such potentially economic commodities as coal,

industrial minerals, evaporites and base metals has lead to some
important economic assessment studies in the area. After the discovery
of coal by Jukes and Murray (Howley, 1897), much effort was expended
on further discovery and description of the coal measures (Howley,
1897, 1913; Baker, 1927; Bryan, 1938; Summers, 1948; Hayes, 1949). The
description and evaluation of the widespread gypsum deposits of the
area (Baird, 1951, 1954, 1959; McKillop, 19532 and b, 1959) led to

outlining reserves of about 300 million tonnes and establishment of
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the currently operative Flat Bay gypsum mine in 1951. Fleming (19"{’4)
outlined the salt potential of the basin. Base metals and industrial
minerals were briefly described by Johnson (1954), Riley (1962),
McArthur (1973) and Fleming and McArthur (1976). Many of these reports
also provide important geological information, much of which is

summarised and expanded by Knight (1983).

History of the Present Investigation

The rocks of the subbasin were systematically mapped on a 1:50,000
scale by geologists of the Newfoundland Department of Mines during the
summers of 1974 and 1975 following a reconnaissance study of the rock
types, stratigraphy and mineralization in 1973 (stevens and Knight,
197T4). For mapping, the subbasin was divided into two areas. The
southwestern part including the Anguille Mountains, Bald Mountain and
the Codroy lowlands, was mapped by Knight (1975, 1976). The St.
George's Bay lowlands were mapped by Fong (197h, 1976a and b; Fong and
Douglas, 1975). Compilation and synthesis of the data collected became
the responsibility of Knight after 1976. Since then, a number of short
visits have been made to the area by the author in order to assist
this compilation. The discovery of base metal mineralization in the
area (Stevens and Knight,19Thk), the delineation of a mé.Jor Pob-Zn
deposit in the Carboniferous rocks at Gays River, Nova Scotia, the
Presence of evaporites including gypsum and salt and the existence of
only reconnaisance mapping in the area (Riley, 1962; Baird and
Cote,1964; Gillis, 1972) prov‘ided the incentive to remap and describe
the rocks of the subbasin. This study presents same of the findings of

the mapping programme.
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Aims of Study

A general descriptive approach 1is presented here to describe the
stratigraphy and sedimentation of rocks belonging to the Anguille and
Codroy Groups in the subbasin. The aims of the study are:

a) to define the stratigraphy of the Anguille and Codroy Groups;

b) to describe and interpret the lithologies, lithofacies,

paleontology and depositional environment of formations within
the two groups;

c) to interpret the paleogeography and tectonic setting of the

subbasin during the time interval when the two groups were

deposited.

Methods of Investigation

Geologic information presented in the thesis was collected in a
general and descriptive manner from outcrops mostly along coastal
sections and along streams and rivers. Systematic bed by bed
description did occur for some sections through stratigraphic units.
This was accomplished using a metre stick and by calculation of bed
thickness from measured distances, angle of slope and angle of dip

(Krumbein et al., 1963, page 61).

Grain size of units was largely determined 1in the field by
comparison with prepared grain size charts showing the divisions of
the Wentworth (1922) scale. Roundness and sphericity of pebbles and
sand grains was determined visually by comparison to the roundness

sphericity chart of Powers (1953). Sorting was also determined
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visually using the maturity charts of Folk (1968) and Beard and Weyl

(1973). The classification of bed thickness is that of Ingram (1954) .

Paleocurrent directions measured with a Brunton compass were not
corrected for the dip of beds or the plunge of folds unless dips
exceeded 250 (Potter & Pettijohn, 1963) or plunge was greater than 10°
and bedding dip greater than 45° (Ramsey, 1961). Steeper bedding was
corrected in the field by rotating the direction into the horizontal
plane before measuring direction. Trough crossbeds mostly record the
axis of the trough; the rib formed at the intersection of two troughs

was measured where observed.

Some macrofossils in the Codroy Group were identified by the
author and by C.C.F. Fong by comparison with fossils described in the
Horton-Windsor Memoir of Bell (1929) and in a recent publication by
Moore and Ryan (1976). Other macrofossils were identified and zone
determinations provided by Grace McGlynne, a graduate student at
Acadia University, Wolfville, Nova Scotia. Conodont data and
correlation within the Codroy Group was compiled from recent studies
by Dr. Peter von Bitter, Royal Ontario Museum and spore assemblages
were identified from the Codroy Group and Searston Formation by Dr.

John Utting from I.R.N.S., Quebec City.



CHAPTER 2

STRATIGRAPHY

Part 1 - Introduction and Stratigraphic Problems

Historically, the Carboniferous rocks of the Bay St. George
subbasin have been divided into three rock series or groups -
Anguille, Codroy and Barachois (Hayes and Johnson, 1938; Bell, 1948;
ﬁiley, 1962; Baird and Cote, 1964). Emphasis in previous work was on
the palaeontological and economic aspects of the ﬁtrata and only the

Anguille Group was previously internally subdivided (Baird and Cote,

1964) .

It will be shown that deposition in the narrow Bay St. George
subbasin occurred predominantly by fluvial processes. Rapid changes of
facies and diachronous boundary relationships are, therefore, to be
expected. Sedimentation was controlled by an interplay of tectonics,
climate and depositional enviromment. Such factors have been shown to
make 1lithostratigraphic definition difficult in Cansoan and
Riversdalian strata of Nova Scotia (Belt, 1965). Similar problems have
been encountered in the Bay St. George subbasin (1) in the upper part

of the Codroy Group, (2) in defining the Codroy/Barachois contact, and

(3) in subdividing the Anguille Group.

Structural complexities which have destroyed continuity of the

S€quence, and poor exposure, especially at critical places in the sec-

tion, compound the problems.

A descriptive approach is taken to the lithostratigraphy within
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the Carboniferous succession of the subbasin. Lithology and succession
in formations, and in members if they occur within formations, as for
example in the Robinsons River Formation, are described first in
general terms. Detailed subdivision of the sedimentary rocks of each
formation into 1lithofacies 1is then presented. In these specific
instances, detailed descriptions of lithofacies allow interpretation
of depositional enviromment for various rock types. Lithofacies here
is used in accordance with definition b in the 'Glossary of Geoiogy'
(American Geological Institute, 1972, page 412), as "A term used by
Moore (1949, p. 17 & 32) to signify any particular kind of sedimentary
rock or distinguishable rock record formed under common envirommental
conditions of deposition, considered without regard to age or geologic
setting or without reference to designated stratigraphic units, and
represented by the sum total of the lithologic characteristics
(including both physical and biologic characters) of the rock." In
each case, the lithofacies were defined from detailed measured

sections and from descriptions of rock types made during the course of

field mapping.

Part 2 - Anguille Group

The Anguille Group, a sequence of non-marine siliciclastic rocks,
contains the oldest strata in the subbasin. It is mostly Tournaisian
in age but also likely includes Upper Devonian strata, as first
suggested by Belt (1968b, 1969). The group, which is defined
lithostratigraphically, includes all Carboniferous strata that
conformably underlie the basal Ship Cove Formation of the Codroy

Group. The base of the group in the Anguille Mountains is not exposed;
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rocks assigned to the Fischells conglomerate member sit, however,
unconformably upon Grenvillian basement in the core of the Flat Bay

anticline.

The group was first divided formally into three 1lithostrati-
graphic units by Baird and Cote (1964) but the stratigraphy is revised
here to four formations (Table 1). This is necessitated because some
important structural complexities were overlooked by Baird and Cote
(1964). For example, their basal unit of red sandstones and slates,
the Cape John Formation, can be shown to be inverted structurally and
belongs instead to the uppermost redbed sequence of the group called
the Spout Falls Formation in this report. The basal unit of the
Anguille Group is redefined and renamed the Kennels Brook Formation.
The Snakes Bight Formation of Baird and Cote (1964) 1is retained, but
their Seacliffs Formation is now subdivided into two formations, the

Friars Cove Formation and Spout Falls Formation.

Distribution

The Anguille Group (Figure 4) occurs in the following areas:

(a) in the Anguille Mountains and Bald Mountain, and north-
eastward adjacent to the Long Range fault as far as Barachois Brook;

(b) in the core of the Flat Bay anticline between Robinsons River
and Flat Bay Brook;

(c) adjacent to the Steel Mountain anorthosite on Coal and Sheep
Brooks ;

(d) as thin deposits in the Port au Port - Stephenville area.
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In the Anguille Mountains, all four formations of the group have
been mapped. They are all present towards the northern end of the
mountains and within the sequence northwest of the Snakes Bight fault.
The uppermost Spout Falls Formation, however, is absent in the
southeastern part of the Anguille Mountains. Here the Friars Cove
Formation continues to the top of the group but contains some thin

intercalations of strata typical of the Spout Falls Formation.

The four formations, as defined, are not recognizable in the Flat
Bay anticline where the Anguille Group is represented by the Fischells
conglomerate member (Baird, 1959). The relationship of this unit to
the main Anguille succession to the south is still uncertain. Scant
lithological evidence, however, suggests it is correlative with at
least the upper part of the Spout Falls Formation, to which it is
assigned (see also Baird and Cote, 1964). In the north of the
subbasin on the Port au Port Peninsula and near Stephenville, thin
conglomerate lies upon basement and beneath basal limestones of the

Codroy Group and is also included in the Anguille Group;

Basal arkoses that underlie a local unconformity within the Brow
Pond lentil (Figure 4) may be of equivalent age to part of the Spout

Falls Formation. There is yet no biostratigraphic evidence to support

this correlation.

Thickness

The thickness of the Anguille Group in the Anguille Mountains

northwest of the Snakes Bight fault is approximately 2000 m. Southeast
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of this fault (Figure 4), the group thickens to at least 4000 m in the
northeast of the mountains but thins rapidly southwestward to about
2800 m as the Spout Falls Formation lenses out. In the southwest, a
deep drill hole in the Kennels Brook Formation provided evidence for
an additional 2275+m to the section in this area. Here 3300+ m of the
4900+ m thick succession, however, consists of the basal Kennels Brook
Formation. In contrast, in the northeast of the Anguille Mountains the
4500+m succession is dominated by the 3500 m thickness of the youngest
Anguille formations, the Friars Cove and Spout Falls Formations.
Significantly, this implies that the group is made up of basin-fill

sequences of essentially two different ages.
The Fischells conglomerate member in the Flat Bay anticline is
approximately 150-200 m thick, whilst only 1-2 m of conglomerate

occurs along the northern margin of the subbasin.

Description of Formations

Kennels Brook Formation

Definition, distribution and thickness

The basal formation of the Anguille Group consists of red and gray
sandstones, pebbly sandstones, conglomerates and slates with some
brown mudstone and siltstone, and is here named the Kennels Brook
Formation. It outcrops in the core of the Anguille anticline, along
the base of the cliffs south of Snakes Bight, and as a narrow, linear
belt of rocks immediately northwest of the Snakes Bight fault. The

formation is not well exposed and hence no type section is designated.
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The name is derived from Kennels Brook, which transects part of the
unit and drains into Snakes Bight. The best exposures are found along
Hynes Gulch, and Mary Ann's Gulch in the cliffs at Snakes Bight, where
the uppermost beds of the fo;mation are exposed. The base of the
Kennels Brook Formation is not exposed in the area. A drill hole of
2275 m depth, sited on the crest of the Anguille anticline, did not
reach the base of the unit (Union-Brinex, 1973). The top of the
formation is placed at the lowest appearance of black shales in the
overlying Snakes Bight Formation. The upper contact, which is well
exposed at the base of the cliffs south of Snakes Bight, is sharp and
apparently conformable, although 1locally it has been affected by
thrust faulting. In this area, interbedded brown mudstones and
siltstones compose the upper beds of the formation. Around the
Anguille anticline, these lithologies are absent, and the top of the

formation consists of green—gray to red sandstones and red siltstones.

The Kennels Brook Formation is at least 3200 m thick; 1000 m is
exposed and the remaining thickness was penetrated in the Union-Brinex
(1973) drill hole. Cote (1964) measured some very generalized sections
on Lewis Gulch (246 m thick), at Hynes Pond on the crest of the

Anguille anticline (714 m) and along the south side of Snakes Bight

(92 m) .

General lithology

The exposed portion of the Kennels Brook Formation consists in
Stratigraphic order of (A) brown weathering, well indurated,

green-gray sandstones, pebbly sandstones and conglomerates, (B) red
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sandstones, red and green slates containing nodular caliche, and (c)
brown silty mudstones and very fine sandstones, and a thin,

discontinuous pale gray limestone bed.

Description of lithologies from the Union-Brinex drill hole
(Union-Brinex, 1973) show similar rock types occur in the underlying
succession. Fining-upward sequences of intercalated gray to red
sandstone and red slates dominate thick intervals (up to 600 m). Other
intervals up to 200 m thick consist of mostly gray and red, gritty and
pebbly sandstones without red slates. Encountered at several levels in
the drill hole, particularly in the lower 1000 m, are units up to 80 m

thick of dolomitic, gray to green-gray, waxy shales and thin

sand stones.

(A) Gray-green sandstone and conglomerate

The oldest strata exposed in the core of the Anguille anticline
consist of thick units of green—gray, coarse grained sandstones and
some pebbly sandstones and conglomerates. The coarse members are

intercalated with thin units of red and green slates.

The arkosic and micaceous sandstones commence above a basal scour
into the intercalated slates. The sandstones are generally massive
with some lamination or  thin bedding. Asymmetrical 1linguoid and
Sinuous-crested ripples are found that resemble the cuspate current

ripples of Gustavson (1974) and the ripples of facies C, of the Donjek

1

River (Williams and Rust, 1969). They are rare and, in some instances,

Covered by thin, locally discontinuous mud drapes.
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The conglomerate and pebbly sandstone members are poorly sorted
and consist of 5 to 36 cm thick beds. The pebbly sandstones are
crudely interstratified with the conglomerates which form layers,
lenses and scour infills within the sandstones. The pebbles are well
to moderately rounded (Powers, 1953) and from 3 to 12 cm in diameter.
They consist of white quartz, pink, finely crystalline, micaceous
granite, coarsely crystalline pink granite, red granites, red
hornblende granite, brown and red aphanitic rhyolite, banded rhyolite,
brecciated rhyolite, green siliceous siltstone, and an occasional
pebble of coarse grained, green sandstone, and pale gray granite
gneiss. The largest clasts are generally white quartz. The ;nterbedded
red and green sla;es, which are up to 40 cm thick, overlie the
sandstone members sharply. They appear to lack internal sedimentary

structures.

(B) Green-to-red sandstones and slates

Green, green—gray to red sandstones and red and green slates
replace the coarser beds upwards in the formation. The 1 to 3 m thick
sandstones are fine to medium grained, arkosic and micaceous. They
overlie erosional bases and fine upwards. Intermnal bedding is
generally obscure but planar lamination, thin stratification, some
large scale, planar-tabular crossbedding and trough crossbedding were
noted. Trough crossbeds, 3 m wide and 50 cm thick at the base of the
sandstones, decrease in size upward to 10 cm thick, 20 cm wide sets
near the top of the beds. Dark gray shale clasts are common within the

Ccross bedded sandstones.
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The red and green slates, in units up to 6 m thick, are generally
structureless but ripple cross-laminations, horizontal laminations,
small yellow calcareous mnodules (caliche) and mudcracks infilled

locally with calcium carbonate are visible in some units.

(C) Brown mudstones and sandstones

In the southwest of the Anguille Mountains, brown mudstones, very
fine sandstones and green siltstones form a sequence 12 to 90+ m thick
above the gray and red sandstones and slates. The unit is wedge shaped
and thickens southwestwards beneath the Snakes Bight Formation. It
attains its maximum thickness of 90 m at Snakes Bight (Cote, 1964;
Baird and Cote, 1964), thins to approximately 59 m at Hynes Gulch
northwest of the Snakes Bight Fault, and is only 12 m thick (Cote,
1964) at Lewis Gulch. The unit is absent, however, beneath the Snakes
Bight Formation along the headwaters of Brooms Brook on the southeast
limb of the Anguille anticline. Here, black shales of the Snakes Bight
Formation directly overlie gray and red sandstones and slates. The
base of the unit is not exposed but red siltstones, which are more
common towards the base of the Snakes Bight section (Cote, 1964), may
suggest that it grades downwards into the underlying gray and red
sandstones and slates. Bedded green siltstones typify the Hynes Gulch
and Lewis Gulch sections suggesting that the interbedded brown

mudstones and very fine sandstones are confined to the area near

Snakes Bight .

Brown weathering, very fine sandstones occur in 10-40 cm thick
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beds and overlie planar to irregular bases, which in certain
localities display scoop-shaped, shallow, and crosscutting forms.
Internally, the sandstones display lamination which is often undulose.
Ripple cross lamination and climbing ripple-drift of types A and B
(Jopling and Walker, 1968) also occur. Convolution of the cross-
lamination is common and dark brown liesegang rings are present in

some of the sandstones.

Partings and beds of gray silty mudstone, a few centimetres to 75
cm thick are interbedded with the sandstones. The generally massive
mud stones weather with a poorly-developed, hackly fracture, but, in
some places, have a crude fissility. They contain a few lenses and
boudinaged beds of green—-gray siltstone. Mudcracks occur in the top of
the mudstone and in the partings between sandstone beds. Rainprints

are associated with some mudcrack horizons.

A single bed of laminated, shaly, pale gray 1imestone, 170 cm
thick, occurs within the brown mudstone member in Mary Ann's Gulch,
northwest of the Snakes Bight Fault. Altei'nating 1aminae of microspar
and silty microspar form the laminations which are discontinuous and
locally convoluted. The convolutions were flattened into the plane of
the lamination during folding of the Anguille Group. No concretionary
structures or fossils were found. Three kilometres to the northeast at
Hynes Gulch, nodular gray limestone within laminated, very fine
sandstones and siltstones appears to represent an extension of the
unit. The nodular limestone is composed of very fine microspar with

only scattered, angular, detrital silt grains.
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only scattered, angular, detrital silt grains.
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Unlike the description of lithology in succeeding formations, the

Kennels Brook Formation has not been further divided into lithofacies.

Age and correlative deposits of the Kennels Brook Formation

The exact age of the formation is wuncertain. The author is,
however, in agreement with Belt (1968b, 1969) who suggested that the
Kennels Brook Formation are equivalent to the pre-Hortonian strata in
Nova Scotia which are, in part Late Devonian in age. This inferred
pre-Hortonian age was based on miospores (Belt, 1969), presumably
found in the single sample described by Cote (1964). The greater
thickness of basal Anguille strata in the Bay St. George subbasin when
compared to equivalent strata in the Horton Group of the Maritimes

Basin may support a longer period of deposition and strengthens the

suggestion of a Late Devonian age.

Cote (1964) and Bel; (1968b, 1969) correlated the Kennels Brook
Formation with the Craignish Formation of Cape Breton. In New
Brunswick, redbeds of the Memramcook Formation (Varma, 1969) and the
Perry Formation (Schluger, 1976), both Late Devonian in age, may be

correlatives of the Kennels Brook Formation.

Elsewhere in Newfoundland, post-Acadian redbeds of Devonian age
are found at a number of isolated localities. On the west coast of the
island, the Lower Devonian Clam Bank Formation (Rodgers, 1965;
O'Brien, 1975) occurs on the Port au Port Peninsula. Redbeds are also

known along the south coast of Newfoundland in the Fortune Bay
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(Calcutt, 1973), Gaultois (Greene and O'Driscoll, 1976), Harbour
Breton (Greeme, 1975), and Terrenceville (Bradley, 1962) areas. The
Bay de 1'Eau and Terrenceville Formations are dated by miospores as
Late Devonian (Widmer, 1950; Bradley, 1962) and may correlate with the
Kennels Brook Formation. These formations indicate the presence of

regional molasse sedimentation peripheral to a central Newfoundland

upland similar in shape to present-day Newfoundland.

Depositional enviromment of the Kennels Brook Formation.

Both Cote (1964) and Belt (1968a, 1969) interpreted the strata now
assigned to the Kennels Brook Formation as deposits of a fluviatile
enviromment. Belt (1968a) included them in his coarse grained fluvial
facies positioned midway between basin-margin fanglomerates and finer

basinward fluvial facies. The character of the succession suggests

deposition by braided and meandering rivers, except locally at the top
of the formation where the succession includes shallow lacustrine

sediments in the southwest.

Massive or crudely stratified, scour—-based, pebbly coarse
sandstones in the lower part of the formation suggest deposition by
gravelly and sandy braided streams (Rust, 1972; Miall, 1977). The
structure and grain size of the coarse beds suggest that they were
deposited as longitudinal bars during the high stage of stream floods
(Doeglas, 1962; Williams and Rust, 1969; Smith, 1970, 1974; Rust,
1972; Miall, 1977). Structures typical of waning flood stages are

rare. This, together with the fact that the contacts between

Sandstones and overlying red slates are sharp, may indicate rapid
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termination of stream flow in ephemeral streams. Minor mud-draped
rippled surfaces and red slate layers probably formed in abandoned or
minor channels in the braided channel system (Williams and Rust, 1969;

Rust, 1972).

The repetitive character of the thick red sandstone - thick red
slate succession in the middle of the formation suggests that the
fluvial system later became a mature floodplain crossed by meandering
rivers. The graded sandstones have basal scours, mudchip pebbles,
parallel lamination and cross stratification. Sedimentary structures
decrease in size upward, and the sandstones are overlain by red
lutite. This sequence compares to the classical fining-upward cycles
of Allen (1964a, 1965a, 1965b) deposited by lateral accretion beneath
point-bar complexes of meandering rivers. Oxidized overbank deposits,
represented by thick red lutites, were deposited on the floodplain.
Nodular carbonate suggests immature caliche, typical of pedogenic
horizons that form in soils under semiarid climatic conditions (Gile
et al., 1966; Blatt et al., 1972; Leeder, 1975).

Although no palaeocurrent data were obtained because of generally
inadequate bedding plane exposures, the arkosic composition of the
sandstones and the dominantly acid-plutonic and silicic-volcanic clast
composition of the pebbles suggest the source. of alluvium was from

Pre-Carboniferous crystalline and volcanic rocks of central

Newfoundland.

The bedded mudstones and very fine sandstone at the top of the

formation form a wedge—-shaped rock body in the southwest of the area
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and were probably deposited in a shallow lacustrine enviromment. This
model cannot be supported by paleontological evidence or by definitive
lithological features. The strata are restricted geographically to the
present environs of the Snakes Bight fault, which is consistent with a
narrow lake trending northeastward, particularly if the fault was
active during deposition. Mudcracks that developed in both mudstone
and sandstone units indicate that parts of the lake bed were
periodically exposed. Rhythmic deposition of sandstones and mudstones
point to alternating flood and interflood deposition. The tabular
geometry, planar lamination and climbing ripple-drift lamination in
the sandstones suggest that large volumes of fine sand were
transported during floods and rapidly deposited as sheets over the
muds (McKee, 1965). The sheets perhaps formed as floodwaters breached
channels that cut across exposed dessicated mud flats. Lake level rose
during each flood to drown the sand sheets and the lake margins and
led to subsequent deposition of suspended mud. Laminated limestones
were locally precipitated in the shallow lake waters. Nodular
limestone formed pedogenically in porous sandstones when the lake
level periodically fell as a result of evaporation in the semiarid

climate (Gray, 1967; Freytot, 1973).

Snakes Bight Formation

Definition and distribution

The Snakes Bight Formation was the name proposed by Baird and Cote
(1964) for a sequence of black lutites and gray sandstones that

conformably overlie the Kennels Brook Formation. The formation derives
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its name from Snakes Bight, a small cove north of Cape Anguille. The
formation occurs in the northwest dipping, faulted 1limb of the
Anguille anticline and to the southeast of the Snakes Bight fault,
where it is folded about the Anguille anticline between the fault and
Brooms Brook. The upper beds of the formation are repeated along high
angle faults near Cape Anguille and at the northeastern closure of the
Anguille anticline. A section located along Hynes Gulch beginning
about 2 km upstream of the mouth and continuing downstream for

approximately 1.2 km is shown in figure 5 on foldout sheet A.

The formation begins where the black shales overlie either red
beds, as around the southeast limb of the Anguille anticline, or brown
mudstones, sandstones and green siltstones as in the southwest of the
Anguille Mountains and just northwest of the Snakes Bight fault as far
north as Lewis Gulch (Cote, 1964). At Snakes Bight the basal contact
is sharp and was probably originally conformable, although it has been
locally thrust. Elsewhere in the Anguille Mountain, the basal contact
is not exposed, although the interval that conceals the contact on the
south branch of Brooms Brook is only a few metres wide. The absence of
brown mudstones and sandstones at this locality and elsewhere around
the Anguille anticline may suggest the basal contact locally onlaps
the underlying Kennels Brook formation. The upper contact is generally
conformable and is placed at the base of a series of conglomerate beds

which mark the base of the Friars Cove Formation throughout the

Anguille Mountains.
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Thickness
A section measured along Hynes Gulch indicates that the Snakes
Bight Formation is about 785 m thick northwest of the Snakes Bight
Fault. Southeast of the fault it is estimated from structural cross

sections to be approximately 1000 m thick.

General lithology
The sedimentary rocks of the Snakes Bight Formation include black

shales and mudstones, thin-bedded siltstones, thin- and thick-bedded
gray sandstones, minor conglomerates, intraformational slump deposits
and minor dolomitic and calcareous mudstones, argillaceous and
arenaceous calcisiltites and calcarenites, and calcareous concretions.
The sandstones are brown weathering, lithic arkoses to subarkoses;
conglomerates consist of 1-3 cm diameter pebbles composed almost

exclusively of white quartz and dolomite intraclasts.

The succession in the type section at Hynes Gulch and elsewhere
northwest of the Snakes Bight fault consists of units of black lutite
up to 27 m thick intercalated with sequences of interbedded sandstone
and shale, up to 35 m thick. The sandstones have the general
characteristics of turbidites (Bouma, 1962). Units of thick-bedded
massive sandstones with pebble layers as great as 50 m thick are

dispersed through the section.

The black 1lutites and interbedded sandstones and shales are
concentrated in the lower 350 m of the type section. They are
generally succeeded by thick intercalated units of mudstones and

thick-bedded sandstones with only subordinate interbeds of sandstone
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and shale. In the upper 100 m, some of the thicker sandstones display
crossbedding. Coarsening-upward sequences of mudstone overlain by
thick sandstones are common in the upper 500 m. Shales become grayer
in color and some evidence of subaerial exposure and dessication was

observed locally near the top of the formation.

In the southwest of the area overlooking Snakes Bight, in Iow
Brook, Grebes Gulch and the Brooms Brook headwaters, the succession is
broadly similar, commencing with some 60 m of thin-bedded siltstones,
black shales and minor sandstone. This sequence passes upwards into
generally monotonous, rhythmically interbedded sandstones and shales
for at least 500 m (Plate 1). Chaotic deposits of intraformational
mixtites are common particularly in the lower levels of the formation.
The sandstones have the overall characteristics of turbidites and
resemble Carboniferous flysch sequences of the Ouachita fold belt
(Morris, 1974), southwest England (personal observation) and northern
England (Walker, 1966a, 1978). Thick sandstone units interrupt the
succession at intervals and coarsening-upward sequences of black
lutites overlain by thick-bedded sandstones are also common (Plates 2
and 3). Toward the top of the Snakes Bight Formation in the southwest
of the area, the thick coarsening-upward sequences are associated with
Sequences up to 12 m thick of laminated mudstones and siltstones
containing rare sandstone beds. Thin dolomitic carbonates are also
common. Here the upper sequence of the formation yields evidence of
bioturbation and local dessication similar to that found in the type

area near Snakes Bight.
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8ix lithofacies have been 1identified in the Snakes Bight
Formation. They are (A) black mudstone-shale lithofacies, (B) graded
sandstone/siltstone - shale lithofacies, (C) thick-bedded sandstone
lithofacies, (D) thinly-bedded sandstone - shale lithofacies, (E)

intraformational mixtite lithofacies and (F) carbonate lithofacies.

(A). Black mudstone - shale lithofacies.

Description of lithofacies A: This lithofacies, which comprises
25% to 29% of the type section (Figure 5 on foldout sheet A), is
distributed throughout the formation. It consists of black, finely
laminated and massive carbonaceous mudstones, siliceous mudstones and
black shales in units 50 cm to 27 m thick. Both mudstones and shales
are dolomitic and pyritiferous with microcrystalline dolomite making

up 5 to 50% of the whole rock.

The laminated mudstones are composed of well to poorly sorted,
microscopically-graded, muddy siltstones and silty mudstones. The
mudstones are rich in carbonaceous material and are black. Delicate,
carbonaceous, pyritic and yellow weathering, ferruginous dolomite
laminae also occur. Small rounded and flattened pores are filled by
microcrystalline dolomite. The dolomitic and siliceous nature of the
laminae produces flat to undulose, smooth-surfaced outcrops that have
& brittle, platy fracture. Light-colored siltstone and sandstone
laminae, 1 mm thick, are found in many units and are replaced upward
in coarsening-upward, mudstone - sandstone sequences by 1-10 cm beds

of flat-bedded, finely laminated and rarely cross-laminated siltstones

and sandstone.



38

Soft-sediment deformation (Plate L) locally produced
synsedimentary folds, faults, and brecciation. Fold axes at Cape
Anguille strike approximately N-S and axial planes dip to the west
from 250 to "{Oo. Sandstone dikes, which are a few centimetres to 140
cm wide and cross—-cut at least 3 m of strata, occur at the top of the

formation near Shoal Point, Codroy.

Mudcracks were noted at the base of sandstones intercalated with
the laminated mudstones Just below the upper contact of the formation
at Friars Gulch and Hynes Gulch (Figure 5 on foldout sheet A).

Mudcracks were not observed lower in the formation.

Interpretation of lithofacies A: Delicate lamination, lack of
current-generated structures and the presence of pyrite and carbon-
rich laminae suggest that the black mudstones and shales were
deposited from suspension in stagnant, fetid, waters. Structures in
the mudstones are similar to those formed in quiet basinal deposits of
flysch basins (McBride, 1962) and in deeper-water deposits of ancient
and modern lakes (Ludlam, 1967, 19T4; Sanders, 1968; Dineley and
Williams, 1968; Belt, 1968a; Donovan, 1975; Hubert et al., 1976; Sturm
and- Matter, 1978). Siltstoné and sandstone laminae and flat-bedded,
thinly leminated sandstones and siltstones in the mudstones, are
Probably distal turbidites (Walker, 1967) or deposits of other

low-density flows (Sturm and Matter, 1978).

Syn-depositional deformation locally affected some units, formed
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folds and faults, and may have triggered the injection of sedimentary
dikes, suggesting that the depositional enviromment was unstable and

possibly frequently jolted by earth movements.

Mudcracks in mudstones near the top of the Snakes Bight Formation
suggest subaerial exposure in the late stages of the evolution of the
formation. However, these structures may be synaeresis (dehydration)
cracks which can form subaqueously (Burst, 1965; Donovan and Foster,
1972) . No other evidence of dessication was found so that subaerial
exposure cannot be proven for intervals of this facies near the top of

the formation.

(B) . Graded sandstone/siltstone-shale lithofacies

Description of lithofacies B: This lithofacies consists of graded
sandstone or siltstone beds regularly alternating with black shales.
It constitutes 32% of the type section (Figure 5) and is also the
major lithofacies in the first 300 m of the Snakes Bight Formation in
the southwest part of the Anguille Mountains. Here the facies
commences with up to 60 m of graded siltstone-shale beds, with some
thin, graded sandstone beds, and is overlain by a fairly continuous

Sequence of graded sandstone-shale beds.

Siltstone-shale beds are 25-45 cm thick, of which 3-10 cm is
siltstone (Plate 5). These dark gray, structureless beds overlie
sharp, non-erosive, planar to slightly undulose bases. They grade

upward into structureless, dark gray and black mudstones.
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Sandstone-shale couplets form beds 15 to 50 cm thick, of which
10-40 cm are sandstone. Similar sandstones, 3-10 cm thick, occur in
the siltstone~shale sequences. Cliff sections show that lateral
continuity of beds is good (Figure 6; Plate 1). The sandstones are
poorly sorted and vary from very coarse to very fine grained. They are

predominantly medium grained in the northeast but appear to be finer

grained in the southwest of the area.

The bases of the sandstones are usually sharp and planar but they
also can be erosive and irregular. Non—-erosive, sharp bases character-
ize the thin sandstones in the siltstone sequence. Sole markings occur
and include linguiform, fan-shaped and crescentric flutes (Enos,
1969), chevron marks (Dunbar and Rodgers, 1957), longitudinal ridges
(Dzulynski and Walton, 1965), groove casts and discontinuous grooves.
Load casts are common and hieroglyphs are in many instances modified

by soft-sediment deformation. The tops of many sandstones are sharp.

The thinner sandstones, particularly those interbedded with the
graded siltstones, are internally camposed of planar lamination and
Small scale cross-lamination. Sandstones of the rest of the
Succession, however, are normally graded and generally structureless.
In the coarser beds, grading occurs from coarse or medium grained
sandstone at the base to clean or muddy fine sandstone at the top.
Mudclasts occur in some of these beds. Planar lamination and
Cross-lamination occur in the upper 3 to 10 cm of some beds, whilst
others are formed exclusively of parallel lamination. Convolution of

internal structure is common in both siltstones and laminated
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sandstones. Examination of photographs of the cliff sections from
snakes Bight to Cape Anguille suggests some graded beds occur in both
coarsening and fining upwards bundles. On the other hand, in some

parts of the sections, no trends are obvious.

Interpretation of lithofacies B: The rocks of this facies are
similar to the monotonously interbedded classical turbidites and
shales of silty and sandy flysch (McBride, 1962, 1970; Cline, 1970;
Walker, 1970, 1978, 1979b; Walker and Mutti, 1973; Morris, 1974).

Sandstones are typified by sharp bases, abundant sole marks and

grading .

Most of the turbidites of this facies are classed as proximal AE
or ABE turbidites (Bouma, 1962), because they are dominated by the
massive interval A of the Bouma sequence (Walker, 1967). In contrast,
the less common, flat-based, planar and cross—laminated BCE turbidites
of the facies (Bouma, 1962) may have been deposited by waning

turbidity currents (Normark, 1974), or by smaller flows.

The abundance of turbidites points to deposition in a deepish

basin below wave base. Such a basin could have been marine or a deep
lake (Gould, 1951, 1960; Houbolt and Jonker, 1968; Lambert et al.,

1976; Sturm and Matter, 1978).

(C) . Thick-bedded sandstone lithofacies.
Description of lithofacies C: Units up to 15 m thick, composed

Mostly of thick-bedded, massive sandstones make up this lithofacies
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and comprise about 18% of the type section. In addition, some
gtratified and crossbedded units occur, as do layers of conglomerate
and pebbly sandstone. The facies is recognizable at intervals within
the thick sequences of lithofacies B (Plate 1). In cliff sections at
Snakes Bight , the sandstones are found above major concave-up scours
more than 270 m wide, cross—-cutting as much as 10 m of underlying
lithofacies B strata (Figure 6). The facies also forms the most
coarse, highest member of coarsening-upward sequences (Plates 2 & 3).
The thick-bedded sandstones then thin and fine upward into lithofacies

B turbidites, or are abruptly overlain by facies A mudstones.

The main sandstone units are constructed .of beds 30 to 100 cm
thick separated only by shale partings. Sandstone beds are poorly
sorted, ungraded or graded, coarse or medium to fine grained. They
usually overlie sharp, erosive bases; planar to cross—cutting bedding
Planes and channelling are common within units. Sole markings include
bulbous flutes, frondescent marks (Dzulynski and Walton, 1965) , groove
casts and load casts. Internally, the beds are generally massive,

though faint color variations and rare lamination suggest the presence

of some amalgamated beds.

Intraclasts of shale and laminated dolomite, and granules of white
qQuartz, rare silicic volcanics and granite are scattered in some
sandstones. They may form pebbly sandstones and rarely conglomerates
up to 70 cm thick in the middle of some units. Pebbles, mostly 1-3 cm
and rarely 6 cm in diameter, are subrounded to angular. The

intraclasts reach 20 cm in size but most are less than 10 cm in
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diameter and are flat and discoidal. Crude grading may be found in
some pebbly beds. Crossbedding and planar stratification are present
in thick sandstones that lie above thin-bedded turbidites and gray
shales (lithofaciesiD) and below the basal conglomerate member of the
Friars Cove Formation on Friars and Hynes Gulch. The 10-40 cm thick
crossbeds occur as 1isolated or composite sets scouring into the
underlying stratification. Three-dimensional exposures of the

crossbeds, though uncommon, reveal trough-shaped sets.

Interpretation of lithofacies C: The thick bedded, massive
character of many of the sandstones and their association with
turbidites suggest that most of lithofacies C was deposited rapidly by
mass emplacement of sandy detritus from dense turbidity currents or

sandy debris flows (Middleton and Hampton, 1973, 1976). -

Some of the thick-bedded sandstones overlie major scours within
the turbidite sequence, possibly indicating deposition in channels or
major episodes of basin instability which produced influxes of sand by
Slumping. The presence of coarsening-upward sequences capped by
massive sandstones, however, suggests that deposition was associated
with prograding deltas (Coleman, 1976) or with prograding sandy, deep-
water fans (cf. Walker, 1978) at the foot of delta slopes (Normark and
Dickson, 1976a, 1976b). The coarsening-upward sequence at the top of
the type section of the Snakes Bight Formation shows thick sandstones,
with current structures typical of fluvial processes. This evidence
Suggests that large, prograding, sandy deltas were common in the

basin. Coarsening-upward sequences overlain sharply by mudstone or
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gradationally by thinner-bedded turbidites of facies B suggest that
the delta-front or deep-water fan deposits were both abruptly and
gradually abandoned. Abandonment may have been affected by channel

switching or by reducing the sediment discharge along feeder channels.

(D). Thinly bedded sandstone-shale lithofacies.

Description of lithofacies D: This lithofacies consists of thin-
bedded, often rusty weathering, very fine sandstones or siltstones
interbedded with thin, black or gray shales. It forms only 5% of the
type section. For the most part these lithologies alternate every few
centimetres, but the beds also pinch out laterally. Sandstone beds are
bounded by flat bedding planes with sharp tops. Most of the sandstones
are cross-laminated or display parallel lamination overlain by cross-
lamination; massive sandstone occurs at the base of some of the
thicker beds. Soft-sediment deformation commonly produced load casts
and flame structures as well as convolution of internal structures.
Wavy bedding, boudinage, pseudonodules, wrinkling of bedding planes
and linear, sand-filled cracks are common in the thin-bedded

sequences. Fine plant debris and detrital micas are widespread.

This lithofacies is found in association with the thick sandstones
of facies C in the type section of the Snakes Bight Formation and it
also underlies the basal conglomerates of the Friars Cove Formation at

Cape Anguille.

Interpretation of lithofacies D: The thinly-bedded, very fine

g8rained sandstones and shales include many features suggesting rapid
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deposition on levees that lay adjacent to a deep-water channel along
wvhich sandy turbidity currents were funnelled (Mutti, 1977). This is
supported by the presence of thin shales, the abundance of
deformation, indicating rapid deposition, the wrinkling of bedding and
the occurrence of linear cracks both possibly related to slope creep
(tension), and the close association of the thinly-bedded lithofacies
with the coarsest deposits of the Snakes Bight Formation (Walker,

1966b; Ricci Lucchi, 1975; Mutti, 1977).

Facies D is also overlain gradationally by crossbedded and
stratified sandstones in coarsening-upward sequences near the top of
the formation. Here, the thin-bedded sandstones and shales may be
interpreted as prodelta deposits laid down in front of advancing
distributary-channel sandstones (Coleman and Gagliano, 1965; Coleman,

1976) .

(E). Intraformational mixtite lithofacies.

Description of 1lithofacies E: Small scale, synsedimentary
deformation of both the fine and coarse sediments occurs throughout
the formation. Larger scale, more extensive deformation, however,
resulted in the formation of intraformational mixtite deposits. They
are particularly common in the lower part of the formation in the
Ssouthwest of the area where they comprise only a few percent of the
Sections of which they are a part. Here they lie within the turbidite

Seéquences, in some places immediately beneath major scours.

The mixtites are up to 6 m thick. At one extreme they are composed
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of small, mostly mudstone intraclasts set in a mud matrix (Plate 6).
At the other extreme they consist of an unsorted, chaotic mixture of
large (up to 1 m in diameter) broken, boudinaged, attenuated,
contorted, folded and rolled clasts all set in a muddy matrix.
Lithologically, the clasts include sandstone, siltstone, shale and
Jjaminated dololutite (Plate 7). Shale and laminated fragments usually
have ragged and tapered edges, whilst sandier intraclasts are smooth
but angular. In rare instances fragments appear to be oriented. Near
the top of one mixtite deposit, coherent sandstone beds were deformed
to form tight, recumbent folds (Plate 8) which trend northeast.
Irregular and transgressive bases occur but it is not unusual to
observe undeformed, non-scoured sediments below the units. Some fine
mixtite beds, about 60 cm thick, have erosive bases and grade upward

into shales. They are intercalated with the turbidite sandstones.

Interpretation of lithofacies E: The mixtites are interpreted as
deposits of incoherent slides. They were produced by mass movements of
Previously deposited sediments and, in this regard, are similar to the
chaotic deposits of flysch and lacustrine basins (McBride, 1962, 1970;
Morris, 1971, 19Thk; Corbett, 1973; Walker and Mutti, 1973; Ludlam,
197Th; Walker, 1978; Link and Osborne, 1978). Their presence suggests
that unstable conditions existed within the basin. Failure was

Probably triggered by earthquakes, violent storms or overloading
(Dott, 1963).

Several kinds of deposit are observed: (a) thick, chaotic

mixtites with large clasts, (b) thick, ungraded mixtites with small
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clasts and (c) thinner, graded, mixtites with small clasts grading
jnto shales and interbedded with turbidites. The presence of all three
types suggests that together they originally formed a progressive
sequence which reflects the relative distance of transportation. A
short distance of movement (Morris, 19T4; Walker, 1978) and rapid
"freezing" of the slide due to decrease in shear and/or void ratio
(Crowell, 1957) produced mixtites with large clasts in which bedding
was locally preserved. With increasing distance of movement, shearing
and mixing caused disintegration, aided by incorporation of additional
water. Fragments were reduced in size to form mixtites of types b & c
similar to subaqueous mudflows (Morris, 1971) and debris flows
(Middleton and Hampton, 1973, 1976). The thinner mixtites that grade
up into shales may have been deposited from flows that evolved into

turbidity currents (Hampton, 1972).

(F) . Carbonate lithofacies.

Description of lithofacies F: Dolostones, ferruginous and silty
dololutites, dolomitic concretions and calcareous siltstones,
calcisiltites and sandy limestones comprise lithofacies F. The
lithofacies appears volumetically to be a minor part of the
Succession. By virtue of its intimate intercalation and inter-
lamination with mudstone, no estimate of its percentage contribution

to the formation is made.

Silty ferruginous dololutites occur as laminae and beds 1-3 cm
thick in facies A mudstones. The laminae, which are composed of fine

microcrystalline and fibrous dolomite, are delicate, undulose and
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wrinkled. The 1-3 cm beds are structureless or laminated and are
pounded by flat bedding planes. The dololutite beds are characterized
by a clotted texture of ungraded microcrystalline dolomite,
recrystallized in patches to slightly coarser dolomite. Carbonaceous
stringers, scattered silt grains and rhombic crystals of dolomite are

also present.

Dolomite concretions occur individually or in horizons in +the
lower strata of the formation. They reach 60 x 20 cm in size and are
massive or laminated. Radial cracking typical of septarian nodules

occurs on their undersides.

Yellow weathering, finely crystalline, massive dolostones occur
most frequently near the top of the formation within laminated
mudstones. They are locally bioturbated by randomly-oriented,
straight, curved and branching tubular burrows that are filled by

dolomitic mudstone from the overlying bed.

Pale gray, calcareous siltstones and calcisiltites, 1-5 cm thick,
are infrequent and occur as thin beds within the turbidite succession.
They have sharp, planar bases and are internally structureless,

grading into fine lamination and in turn black shales.

Sandy limestones, 1-5 cm thick, are uncommon. They are bounded by
flat planar bedding planes and are composed of sorted, sandy,

calcarenites enclosing ooliths and intraclasts, some of which are of

algal origin.



L9

Interpretation of lithofacies F: The carbonate lithofacies is a
minor part of the formation. The lack of marine fossils may indicate a

non-marine (lacustrine) rather than marine origin.

T™e laminae and thin beds of dolomite found mostly in facies A
mudstones indicate deposition in quiet water. Microcrystalline
carbonate in the mudstones is suggestive of a fairly steady though
variable rain of precipitate from the overlying water column. Lime-
and magnesium rich laminae or beds probably formed when clastic or
organic detrital influx into the basin was at a minimum during periods
of drought in the surrounding areas (Mﬂler et al., 1972; Muller and
Wagner, 1978; Schafer and Stapf, 1978). During the droughts
evaporative draw-down of lake level would have concentrated ions and

Promoted inorganic or biogenic precipitation of carbonates.

The abundance of dolomite in the lutites and sandstones suggests

that the basin waters were rich in Ca®', Mg®' and HCO. —. Aragonite or

3
magnesium calcite are precipitated in modern, oligomictic or
meromictic lakes during times of low water, high evaporation and a
stable thermocline (Muller et al., 1972; Hubert et al., 1976).
Dolomite and protodolomite form diagenetically after the precipitation
of aragonite and high Mg - calcite (Muller et al., 1972). The latter
minerals are known to be the primary precipitates of deeper water
lakes (Muller et al., 1972; Schafer and Stapf, 1978). Patchy

recrystallization of dolomite and the growth of dolomite rhombs in the

rare limestones of the formation may indicate that the carbonate
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laminae were deposited either as calcite (Belt et al., 1967) or as
high Mg - calcite. Such an origin has been postulated for the ferroan
dolomites in the black mudstones of the Triassic East Berlin

Formation, Connecticut (Hubert et al., 1976).

The fine intraclastic limestones and sandy calcarenites of the
formation were probably deposited by turbidity currents, as they are
intimately associated with turbidite deposits. A turbidite origin is
not excluded for the graded calcarenites, even though its constituent
allochems indicate a shallow-water origin. Cline (1970) has shown, for
example, that detritus formed in shallow water is commonly found as

exotic clasts in turbidite sequences.

Paleocurrents in the Snakes Bight Formation

Sole marks, including flute and groove casts, provide paleo-
current information. The data were collected in an unsystematic
fashion from scattered locations in the Anguille Mountains (Figure T).
For the purposes of presentation, data are grouped into two areas,
namely localities near Snakes Bight and those to the northwest of the

Snakes Bight fault.

Southwestward to westward paleoflow dominates in the type section
and in the area near Snakes Bight, although some paleocurrent
indicators suggest local northwest paleoflow. At Cape Anguille some
flute casts have a north-northeast vector of flow. Southerly paleoflow
wWas recorded from beds at the top of the Snakes Bight Formation near

the Cape Anguille lighthouse.
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The main vectors probably relate to a northeasterly trending basin
axis. This inference is supported by consistently oriented northeast-
trending sedimentary dikes and by the axes of slump folds. An overall
porthwestward directed fan-shaped distribution for all flutes (Figure

T7) suggests the source of the sandstones lay to the southeast.

Age and correlative deposits of the Snakes Bight Formation

The Snakes Bight Formation has been correlated with the
Strathlorne Member/formation of Cape Breton (Baird and Cote, 196L4;
Belt, 1969). It also compares lithologically to the middle argillac-
eous member of the Horton Bluff Formation (Bell, 1960; Hesse and
Reading, 1978) in Nova Scotia and to the rocks of the Albert Formation
in New Brunswick (Greiner, 1962, 19Th). The presence in the Snakes
Bight Formation of some plant fragments comparable to Aneimites

acadica Dawson, which is also common in the Horton Bluff Formation

(Bell, 1960), strengthens this conclusion.

Depositional environment of the Snakes Bight Formation
The Snakes Bight Formation is interpreted as a lacustrine deposit

as was first suggested by Baird and Cote (1964) and Belt (1968a,
1969). A model was not dew'reloped by those workers, however, and their
interpretation leaned heavily on the lacustrine origin of time-
€quivalent strata in Nova Scotia (Bell, 1960) and New Brunswick
(Gussow, 1953; Greiner, 1962). However, uncertainty has remained as to
Whether the Snakes Bight Formation could be marine rather than
lacustrine. For example, the classical turbidite deposits of the

formation resemble those in the marine Carboniferous of the Ouachita
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fold belt (Morris, 197T4) the Variscan fold belt of southwest England
(personal observation) and the Carboniferous of northern England
(Walker 1966a, 1978). More importantly, the Snakes Bight Formation to
date has not yielded non-marine vertebrates that are common in the
time-equivalent Horton Bluff and Albert Formations of Nova Scotia and
New Brunswick (Bell, 1960; Carroll et al., 1972; Hesse and Reading,
1978). These two formations also abound in shallow-water and subaerial
indicators, both of which occur only rarely near the top of the Snakes
Bight Formation. These facts altogether indicate that a marine model
could be a viable alternative to a lacustrine one. The lack of a
non-marine vertebrate fauna and other shallow-lacustrine features may
be accounted for, however, if a relatively deep lake is postulated.
The lack of marine fossils in any lithology, but particularly in the
carbonates of both the Snakes Bight and overlying Friars Cove
Formations, and the presence of plant fossils, provide strong support
for a lacustrine enviromment. Many studies of modern and ancient
lacustrine deposits have shown that turbidity current deposits
contribute substantially to the infill of deep lakes (Houbolt and
Jonker, 1968; Dineley and Williams, 1968; Normark and Dickson, 1976a
and b; Lambert et al., 1976; Sturm and Matter, 1978; Link and Osborne,
1978). Consequently, a lacustrine model for the Snakes Bight Formation

is favoured.

The Snakes Bight Formation is interpreted to have formed in a
deep, perennial lake which was infilled by mudstones, silty and sandy
turbidites and shales, intraformational slide deposits and thick

Sequences of deltaic sandstones.
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The lake was probably a narrow, northeast trending body of water
that formed in a narrow graben. The lake and the graben were bounded
by the Long Range fault and an upland to the southeast, and an
unidentified fault and an upland to the northwest in the area of St.
George's Bay. Uplift of the Long Range Mountain area in the Devonian
was suggested by Brown (1977) to explain pebbles of Long Range gneiss
in the Windsor Point Group, itself deposited along the Cape Ray fault.
Continued uplift of the southeastern upland during the Early
Carboniferous 1is supported by plutonic, volcanic and metamorphic
detritus in sandstones of the Kennels Brook and Snakes Bight
Formations. The absence of Snakes Bight strata in the Flat Bay
anticline restricts the lake to the axis of the subbasin so that (when
corrected for shortening of strata by deformation) it was at most 30
km wide. A minimum length of 45 km is suggested by present outcrop
distribution. However, the lake may have extended at least a further
30 km to the northeast if the Snakes Bight Formation continues beneath
the northeastern closure of the Anguille anticline to subcrop beneath
the Barachois synclinorium. Here it would be bounded by basement at
Journois Brook and Steel Mountain and would, by necessity, decrease in
width to 19 km. Belt (personal communication, 1981), however, has
Suggested the Anguille formations are absent from the northeast of the
Subbasin and the present rock distribution of the group reflects the
Ooriginal extent of the lake deposits (see Summary and Geologic History

of the Anguille Group for discussion).

The widespread distribution of finely laminated, black
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pyritiferous and carbonaceous mudstones suggests quiet, stagnant,
anoxygenic, deep-water sedimentation below the thermocline of a
stratified, meromictic or oligomictic lake. Widespread and steady
precipitation of carbonate occurred in the lake with short and long
periods of high precipitation giving carbonate laminae and thin beds
respectively. The carbonate strata probably reflect short to prolonged
episodes of net evaporation (Maller et al., 1972; Hubert et al., 1976)
at which time lake level was lowered, clastic input was at a minimum
and ions were concentrated. A semiarid climate probably provided such
conditions. This 1is supported by 10”-20" paleolatitudes postulated
from paleomagnetic studies of the Carboniferous rocks of Maritime

Canada (Roy, 1973; Smith et al., 1973; Irving, 1977).

This graben-bound Snakes Bight lake may be similar to the lakes of
the southern end of the African rift valley (e.g. lLake Tanganyika),
which exist in a semiarid savannah climate. There, lake level
fluctuations of up to 12 m have been documented (Livingston, 1965;
Degens et al., 1971; Ojany and Ogenda, 1973). lLack of evidence for
subaerial exposure in the deposits means that the lake was deep enough
to withstand intensive drought and drastic reductions of water levels.
Absence of sulphate evaporites suggests the lake was rarely a closed
System and was probably never hypersaline during its lifetime. It
should be noted that gypsum crystals can be reduced by bacteria, as
for example occurs in the present waters of the Dead Sea (Neev and

Fmery 1967 )and hence may not show up in bottom sediments.

Laminated mudstones of lithofacies A were laid down over distal
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portions of the lake basin and along its flanks (Houbolt and Jonker,
1968; Ludlam, 19T4; Sturm and Matter, 1978). Mud and fine silt was
brought to the lake by riverborne inter- and over-flows and were
circulated throughout the lake above the thermocline to settle out
slowly as finely 1laminated 'varve-like' muds. Laminae and thin,
laminated flat beds of coarser grained silt and sand in the muds were
likely distal turbidites laid down mostly by low-density underflows.
Such underflows are known to be the common style of discharge of
rivers in flood, as documented by Sturm and Matter (1978) for Lake
Brienz, Switzerland. Ehmporar& disturbance of the thermocline by wind
storms (Beadle, 19T4), cooling of the lake, major slope failures or
renewal of high inflow (Hsu and Kelts, 1978) produced thicker deposits

of silty mudstone in the fine units.

For the most part, the lake was filled by sandy turbidites and by
sands of prograding deltas (Lithofacies B and C). The turbidites
dominate the lower 300-500 m of the succession in the type section and
in the southwest part of the Anguille Mountains. Southwestward-
directed paleoflow, southwestward fining of sandstones and the
apparent upward coarsening of the succession from silty to sandy
flysch support the deposition of a southwestward prograding prism of
turbidites along the deep axial zone of the subbasin. Slump folds and
sandstone dikes support a northeast trend to the subbasin and
sufficient slopes (<5°, ILewis, 1971) to initiate major slope failures
and production of intraformational mixtites (Lithofacies E). The
variety of clast types in the mixtites suggest mass movement of basin-

flank muds (Ludlam, 1974), bedded turbidite deposits, parts of sub-
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lacustrine fans (Houbolt and Jonker, 1968; Link and Osborne, 1978) and
deltaic deposits (Normark and Dickson, 1976b; Link and Osborne, 1978;

sturm and Matter, 1978).

Sediment for the turbidite succession was provided by a major
river, or rivers, that probably entered the lake in the northeast.
Minor paleocurrent vectors directed towards the northwest also suggest

that sediment also entered the lake along its southeast margin.

Coarse sediment reached the axis of the deep lake in turbidity
currents and likely travelled considerable distances (Gould, 1951,
1960; Houbolt and Jonker, 1968; Normark and Dickson, 1976a and b;
Lambert et al., 1976; Sturm and Matter, 1978). The turbidites were
probably generated by the following mechanisms:
(1) formation of a turbid layer of suspended sediment, several metres
thick, on the upper slopes of the delta (Normark and Dickson, 1976a
and b) as a result of wave agitation;

(2) failure and down-slope movement of delta deposits because of slope
overloading, earth tremors or severe storms (Dott, 1963), particularly
vhen lake levels were lower (Degens et al., 197T1l; Kelts and Briegel,
1971; Ludlam, 19Th; Normark, 19Th); and (3) high-density underflows
that resulted from exceptional discharge of flood-swollen rivers into
the lake (Lambert et al., 1976; Sturm and Matter, 1978). The
underflows passed across the deltas along channels (cf. Houbolt and
Jonker, 1968; Forstner et al., 1968; Lambert et al., 1976; Sturm and
Matter, 1978) and deposited thick AE and ABE turbidites at the foot of

the delta.
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Channels with widths of several hundred metres and depths of more
than 10 m have been measured in modern lakes and are known from
seismic and bathymetric studies to shift position, with abandoned
channels later filled by sediment (Hsu and Kelts, 1978). The thickest
turbidites are commonly laid down near the foot of the delta where
modern deposits can be up to 1.5 m thick (Sturm and Matter, 1978). The
thickest turbidites in alpine lakes are correlated with catastrophic
river floods (Sturm and Matter, 1978) which occur once or twice a
century and carry a volume of sediment many times greater than the
average discharge of normal floods. Consequently, the succession
consists of thick sands separated by intervals of laminated,
'varve-like' muds and thin bedded, laminated, silty and fine sandy
beds that were generated by low density underflows of rivers in

seasonal flood.

The thickness and regular bedded nature of the turbidite
succession in the Snakes Bight Formation, however, suggests that the
turbidite-generating events supplied density deposits at frequent,
regular intervals to the axis of the deep lake. This may reflect
flashfloods over source areas at intervals of a few years or tens of
Years moving large volumes of detritus, as is common in semiarid
climatic areas (Leopold et al., 1964; Baker, 1977). Inadequate
vegetation cover in the source areas would tend to enhance the sudden
catastrophic affect of these violent rainstorms when precipitation and
flooding may be many times normal and slope erosion increased
substantially (Leopold et al., 196hk; Karcz, 1972; Baker, 197T).

Consequently, sand- and mud- sized detritus was likely swept from
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hillsides and carried by steep-gradient streams directly to the lake.

A lake with steep lateral flanks is envisioned. This concept is in
keeping with the volume of turbidites and slide deposits in the lower
succession. Deltas probably formed at the basin margins but were
affected by frequent resedimentation of the delta front sands to
deeper water. Sublacustrine fans are known to form in the deep waters
of lakes 1in front of deltas, and have been documented in modern
(Houbolt and Jonker, 1968; Normark and Dickson, 1976a) and ancient
lakes (Link and Osborne, 1978). The presence of coarsening-upward
sequences of turbidites (Walker, 1978) and the presence of major scour
surfaces overlain by thick-bedded turbidite sandstones and
intraformational mixtites suggest that these rocks were deposited as
sublacustrine fans in the deep axial zone of the Snakes Bight lake.
The scours may represent episodes of major erosion accompanying influx
of very large turbidity currents, with each scour overlain by the lobe
of a fan. Overlapping of scour-based turbidite bundles might imply
that the locus of deposition was linked to repositioning of delta

channels.

Sediments that can be interpreted as delta deposits laterally
equivalent to the lower turbidite succession have not been found to
date. Nevertheless, the deeper parts of the axial zone of the lake
wWere probably infilled by the time that coarsening-upward sequences of
mudstones and sandstones were laid down in the upper half of the
formation. These sequences of black, laminated mudstones interbedded

with thin siltstones and sandstones and capped by thick-bedded
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sandstones are interpreted as the subaqueous deposits of prograding
gandy deltas, that were laid down in the shallower, yet still
stratified, lake. Northward paleoflow in some of the coarsening-upward
sequences suggests that the deltas were associated with rivers

entering the lake from its southeast margin.

Once the lake had shallowed sufficiently, the thermocline was
destroyed more frequently. Organic activity and deposition of gray
shales occurred in shallower waters as circulation and oxygen content
improved. Thick, delta-distributary sand deposits prograded
southwestward at the northeast end of the lake forming coarsening-

upward sequences, with the first indications of subaerial (lithofacies

A) and fluvial processes (lithofacies C). Dolostone beds formed during
prolonged dry periods (Muller et al., 1972; Schafer and Stapf, 1978)
in the shallow water. At the southwest end of the lake, black to gray
shales and thin turbidites (lithofacies d) were overlain by the basal
debris flows and sandy turbidites of the Friars Cove Formation.

deeper-water conditions might have prevailed there somewhat longer.

Although information is still very preliminary, the depth of the
lake possibly exceeded 100 m, to allow sufficient slope and depth for
deposition of the thick turbidite sequence. A deep, large lake would
al so readily maintain a stratified water column. This fact would
inhibit the lake waters from becoming hypersaline during prolonged
Periods of drought. active basin subsidence and adequate fresh-water
inflow could maintain lake depth, even if the rate of sedimentation

¥as high. Gradual shallowing of the Snakes Bight lake suggests that
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subsidence possibly decreased, at least temporarily, toward the end of
its history. A lake of the size and depth envisaged would thus remain
a major geomorphic feature for perhaps hundreds‘ of thousands of years.
peep water sedimentation rates of up to 6 m per 1,000 years occur in
gome alpine lakes, e.g. Lake Constance (Muller and Gees, 1970; Reineck
and Singh, 1975), whilst deep lakes of the African Rift Valley have
rates of 30 cm to 5 m per 1,000 years (Muller and Wagner, 1978).
Post-compaction thickness of the laminated lacustrine shales of the
Triassic East Berlin Formation gave a rate of 35 to 45 cm/1,000 years
(Hubert et al., 1976). Facies A mudstones, 180 m thick, occur in 22
units each 50 cm to 27 m thick in the type section of the Snakes Bight
Formation. Allowing a slightly higher post-compaction sedimentation
rate of 50 cm per 1,000 years for their deposition, a time duration of
at least 360,000 years is possible for the lake. Over this interval,
individual mudstone units may have taken between 1,000 and 53,000

years to be laid downm.

Friars Cove Formation

Definition and distribution

The Friars Cove Formation is the name used by Knight (1983) for a
S8€quence of gray sandstones, conglomerates and shales with minor
carbonates and redbeds that conformably overlies the Snakes Bight
Formation. It was previously assigned to the lower gray sandstone
8€quence of the Seacliffs Formation (Baird and Cote, 1964). In the
Rorthern half of the Anguille Mountains the Friars Cove Fomrmation

underlies redbeds of the Spout Falls Formation and here it comprises
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the third of the four formations in the Anguille Group. South of the
"round valley", however, Spout Falls redbeds pinch out into a few thin
units so that the Friars Cove Formation forms the uppermost unit of

the Anguille Group, overlain by the basal limestones of the Codroy

Group .

The formation is named after Friars Cove on the northwest coast of
the Anguille Mountains. A section located on the gulch draining into
the cove and beginning 0.7 km upstream and continuing to the shore
where the upper contact occurs 1is illustrated in figure 8 on foldout
sheet A. Well exposed sections occur in many adjacent valleys, on
Grand Daddy's Brook, on Brooms Brook and its tributaries, and on
Codroy Island. The formation has been mapped throughout the Anguille

Mountains .

The lower contact of the Friars Cove Formation is placed at the
base of a widely distributed conglomerate unit. It is conformable with
the underlying Snakes Bight Formation although at Cape Anguille
significant erosion occurred beneath the conglomerates (Plate 9). The
upper contact with the overlying Spout Falls Formation is gradational.
It is placed above the last thick unit of interbedded gray sandstones
and shales at the base of the first thick (>1 m) red sandstone unit

interbedded with green-gray sandstones.

Gray beds similar to the Friars Cove strata appear to overlie
redbeds of the Spout Falls Formation on the southeast side of Bald

Mountain and along the north branch of the Codroy River near the lLong

Range fault. The gray beds are here included in the Spout Falls
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Formation on the accompanying geologic map. The relationship is

pelieved to reflect the interfingering of the two formations in the
middle of the Anguille Mountains. Alternatively, the gray beds may
have been uplifted into their present position along an undetected

fault to the northwest (Knight and Fong, 1975).

Thickness

The Friars Cove Formation is approximately 500 m thick in the
vicinity of the Friars Gulch section. It is calculated using measured
sections and structural cross sections to thicken southeast of the
Snakes Bight fault to 690 m near Codroy and 1300 m in the northeast
Anguille Mountains. Baird and Cote (1964) estimated 840 m in the area

of Grand Daddy's and Brooms Brooks.

General Lithology
The Friars Cove Formation consists predominantly of buff- to

brown weathering, gray, calcareous, arkosic and quartzose sandstones,
together with some conglomerates, gray shales and minor red beds and

carbonates .

The formation begins with a widespread, 2 to 32 m thick basal
8€quence of interbedded conglomerates and sandstones (Figure 9). Near
Friars Guich (Figure 8) and the "round valley", they conformably
Overlie thick-bedded sandstones (lithofacies C) of the Snakes Bight
Formation. At Cape Anguille, however, the conglomerates and sandstones
(Figure 10) lie upon the locally eroded, thinly bedded sandstone-shale

lithofacies of the Snakes Bight Formation.
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Pebbles and locally boulders ranging from a few centimetres to
more than a metre in size occur in the conglomerates. They are
composed of white quartz, pink and gray granites, foliated porphyritic
granites, brown to red silicic volcanics, white sedimentary
quartzites, gray limestone, dolomite, dolostones and chert. The
largest boulders consist of granite and quartzite and have been
measured up to 130 x 89 x 72 cm in size. The quartzite, carbonate and
chert are clearly derived from the Cambro-Ordovician platformal
succession that now lies north of the subbasin. Cambro-Ordovician
clasts are particularly abundant at Cape Anguille and Lewis Gulch
(Cote, 1964) as are pebbles of gneiss, diabase and ultramafic rock and
green argillite. Most of these clasts are absent northeast of the
"round valley" where the pebble suite is dominated by silicic volcanic
and acid plutonic rocks. Granitic and other large clasts are almost

always angular. Limestone “and quartzite pebbles possess high

sphericity and roundness.

Above the basal member, the succession varies in 1lithological
composition from north to south along the Anguille Mountains. In the
north the first 180 m of the succession is dominated by thick, planar
Stratified and crossbedded, medium to very coarse sandstones
containing minor conglomerates and separated by thin shales. Thick
units of gray to locally black shales, rich in mudcracks and plant
debris and containing thin sandstones, compose the middle 118 m of the
formation. The Friars Cove Formation is then completed by 180 m of
€rossbedded and planar laminated, gray sandstones. These rocks locally
fine upward and are colored red in several units. Gray shales are

thi o ol s .
hin. Rare stromatolitic dolomites occur in the basal conglomerate and
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in the overlying succession.

In the south of the Anguille Mountains, the succession above the
basal member is dominated by thick units of either thick-bedded and
massive, or thinly stratified and crossbedded, gray sandstones
geparated by subordinate gray shales. The gray, fluviatile succession
is generally monc;tonous, but multilithological sections also occur
especially on Codroy 1Island, Grand Daddy's Brook and in small,
tributary brooks of Brooms Brook. Ripple-bedded quartzose sandstones,
thinly bedded 'turbidite-like sandstones' and gray shales join the
thick gray sandstones in these multi-component sections. Crawling
trails and burrows occur with ripple-marked sandstones and shales on
Codroy Island. Dessication cracks are found in some of the litho-
facies. Arkosic grits and small pebble conglomerates, rich in fresh
pink feldspar and yellow limonitic clasts, are locally present and

minor redbeds occur most commonly throughout the top 310 m of the

formation.

Seven major lithofacies are defined in the Friars Cove Formation
and are found both in the type section and in exposures elsewhere
throughout the map area. They are (A) conglomerate - pebbly sandstone
lithofacies, (B) thick-bedded sandstone lithofacies, (C) rippled
Sandstone lithofacies, (D) shale - sandstone lithofacies, (E) red
Sandstone and pebbly arkose lithofacies, (F) carbonate lithofacies and
(c) well-sorted, sandstone-siltstone lithofacies.

(4) Conglomerate—pebbly sandstone lithofacies.

Description of lithofacies A: This facies, which marks the base of
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the formation at Cape Anguille and northeast of the "round valley", is
composed of pebble to boulder congloamerates, pebbly sandstones, and
calcareous, medium to very coarse-grained sandstones (Figure 9). It

contributes less than 2% of the strata in the formation.

Two associations occur. The first association of ungraded and
graded conglomerates and thick sandstones is exposed at Cape Anguille,
along Grand Daddy's Brook and 1in scattered localities near Brooms
Brook. The second association of lenticular-bedded conglomerates and
sandstones can be seen northeast of the "round valley" (K 310, Figure
9) and along lLewis Gulch, southeast of the Snakes Bight Fault. It also
occurs in sandstones higher in the Friars Cove Formation northeast of

Morris Gulch. These associations are discussed separately below.

At Cape Anguille, the ungraded and graded conglomerate-sandstone
association consists of conglomerate beds, 1 to 5 m thick,
intercalated with 1-3 m thick sandstones. The ungraded conglomerates,
which overlie scoured (Plate 9) to locally planar bases, are poorly
sorted, massive, matrix-supported deposits. Their irregular thickness
is due to hummocky tops (Plate 10). The largest clasts seen in
lithofacies A are found in the ungraded conglomerates where they lie
Preferentially near the top of beds (Plate 10). Large, internally-
bedded sandstone rip-up clasts are also observed. Sediments beneath
the conglamerates are locally deformed; imbricated shale tongues
Protrude into the base of one conglomerate, and conglomerate dikes

(Plate 11) cut underlying sandstones.
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Normally and inversely graded conglomerates (Plates 12 and 13)
occur in beds 15 to 150 cm thick interbedded with sandstones. These

yncommon conglomerates consist of pebbles generally smaller than 15 cm

in diasmeter.

The conglomerates of the first association are generally in sharp
contact with overlying, lenticular grits and medium to very coarse,
sandstones. The sandstones may be graded, massive (Plate 12) crudely
stratified, thin bedded or laminated (Plate 10). Many beds grade from
a thin, basal, small-pebble conglomerate up into thick, laminated or
massive sandstone (Plate 1h4). Crossbeds (Plate 15) and climbing ripple
lamination occur at the top of some sandstone beds above parallel
lamination with parting lineations. Climbing ripple drift of types A
and B (Jopling and Walker, 1968), associated with straight, low-
amplitude ripple marks, was observed in one fine grained sandstone
bed. The angle of climb of the type B ripple drift increases up
through the bed from 35° to L580; type A replaces type B structure in a
downcurrent direction. Lunate and sinuous, asymmetrical ripple marks,

rib and furrow, and oriented plant debris are also seen on bedding

surfaces.

Convolute bedding, deformation of basal bedding planes, dish
8tructures (Stauffer, 1967) and pillar structures (Lowe, 1975) (Plate

16) occur in the thicker sandstone beds.

Conglomerates containing lenticular sandstones, and sandstones

With thin lenses of conglomerate form the second association (see K
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310, Figure 9). The conglomerates have erosional bases and occur in
peds 4O - 200 cm thick. They commonly show better sorting than the
first associat;on, with pebbles less than 10 cm and rarely up to 22 cm
in diameter. Structureless or crudely bedded conglomerates contain
lenses, up to 20 cm thick and 100 cm wide, of medium to coarse
grained, gray sandstone. The conglomerates gradually become thinner
up-section and, in some instances, consist of a single layer of
pebbles locally thickening to 30 cm in erosional depressions within
sandstones. The sandstones are 30-60 cm thick, structureless or
horizontally stratified, with scattered pebbles. Crossbedded
sandstones occur immediately above this association and contain some

thin red units.

Interpretation of lithofacies A: The rocks of the ungraded and
graded conglomerate-sandstone association at Cape Anguille are
interpreted as the deposits of debris flows and thick, high-density,
turbidity currents. The erosive bases and the generally structureless,
unsorted, coarse, matrix-supported detritus suggest that the
conglamerates were deposited by viscous mass flow processes (Middleton
and Hampton, 1973, 1976; Walker, 1975b). Scouring and incorporation of
partially consolidated strata occurred as the flows moved along
channels. Hummocky tops, retention of béddimg in sandstone rip-ups,
and the preservation of shale tongues at the bases of conglomerate
layers probably indicate that the beds were deposited rapidly.
Deposition probably occurred when escaping pore fluid caused strength
Of the debris to increase above the local shear stress. A decrease in

the slope of the depositional basin (and therefore a decrease in shear
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gstress) may also have been a significant factor. The debris flows
possessed sufficient matrix strength and buoyant support to maintain
the largest particles toward the top of the flows during

transportat ion.

The normally and inversely graded conglomerates, overlain by
stratified sandstones, resemble the resedimented conglomerates of
Walker (1975a and b). Abundant rounded pebbles of sedimentary

quartzite and of carbonate imply that some clasts were previously

shaped by fluvial or shallow shoreline processes. Alternatively, they

may have been derived from older conglomerate strata such as the

conglomerates of the Cambro-Ordovician Cow Head breccias.

The thick, massive and crudely-stratified, often graded, pebbly
sandstones and the thin pebble beds that grade upward into massive and
laminated sandstones were probably deposited by decelerating turbidity
currents (Middleton and Hampton, 1976). Rapid deposition trapped
fluids, which then escaped to produce di;h and pillar structures (Lowe
and ILoPiccolo, 1974; Lowe, 1975). Types A and B ripple drift formed as
the turbidity currents decelerated and fine sediment was deposited
rapidly from suspen;ion. A reduction of flow velocity or increase in
suspended sediment fallout caused the angle of climb of type B ripple
drift to increase. A detrease in sediment load probably caused the

change from the type B to the type A structure in a downcurrent

direction (Jopling and Walker, 1968).

Crossbeds formed either by the reworking of sand beds into mega-
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ripples by the tails of the turbidity currents or by later, cool,
river currents that flowed beneath warmer, surface lake waters along

the sublacustrine channels.

The lenticular-bedded conglomerates and sandstones of the second
association are characterized by their coarseness, their general lack
of structure, an abundance of scouring, and a local association with
thin redbeds. They were probably deposited in a shifting fluvial
regime (Clifton, 1973) consisting of braided streams (Williams and
Rust, 1969; Bull, 1972). These structureless deposits were probably
laid down in longitudinal bars (Doeglas, 1962; Smith, 1970; McDonald
and Banerjee, 19T71; Rust, 1972; Hein and Walker, 1977; Miall, 197T7)
and the conglomerates, one pebble thick, may be diffuse gravel sheets
(Hein and Walker, 1977) deposited in the upstream reaches of sandy

braided channels.

(B) Thick-bedded sandstone lithofacies.

Description of lithofacies B: Gray and green, calcareous, arkosic
and subarkosic sandstones with subordinate pebble beds, in units up to
40 m thick, form this lithofacies. They comprise 52% of the type
Bection and 36% of the section on Codroy Island (Cote, 1964). The
sandstones show massive thick bedding, planar thin stratification,
crossbedding and some lamination. Thick-bedded sandstone units in the
southwest of the area contain mudclasts and some pebbly horizons; the
units are usually completed by cross-stratified beds. Planar-

Stratified sandstones (Plate 17), with some pebble beds, characterize
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the basal 180 m of the type section of the Friars Cove Formation.

The 40-150 cm thick, graded and ungraded sandstones on Codroy
Island (Sections 3 and 4, Figure 11 on foldout sheet A) are mostly
gtructureless but may be laminated near the tops of beds (Plate 18).
Flute and load casts occur on sharp bases and thin shales separate
beds in same wunits. Crossbedded, massive grits and small-pebble
conglomerates occur in channels in the middle of the units. They are
composed of angular to subrounded fragments of white quartz, pink
feldspar, granite, silicic volcanics, red and green quartzite, gray
limestone and 1locally derived, Yellow weathering, 1limonitic
intraclasts. Mudcracks are found in shale partings near the top of one

unit.

Trough crossbeds, 15-40 cm thick, and planar-tabular crossbeds,
40-200 cm thick, occur in the upper half of the sandstone sequences
(Sections 3 and 4, Figure 11). The latter have graded, 1-8 cm thick
foresets. Rare laminated sandstones are present in the middle of units
Where they are characteristically well sorted, contain parting

lineations and are as thick as 5 m.

The planar-stratified, medium to very coarse sandstones (Sections
1l and 2, Figure 11) display horizontal to slightly inclined
Stratification (Plate 17) defined by grain size variation such as
Dormal grading. Parting lineations are rare, and broad, low-angle,
Planar scours crosscut units. Small solitary and composite trough

Crossbeds are situated near the top of some units.
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Solitary pebbles and generally clast-supported conglomerates lie
within the sandstones in the Friars Gulch type section. €obbles as
large as 16 cm in diameter straddle the conglomerate—sandétone
contacts (Plate 19; Section 1 Figure 11). A roughly triangular-shaped
jntraclast of conglomerate, 24 em x 24 cm in size, occurs in

sandstones in the same interval of the type section.

Gray, fining-upward, 2-4 m thick, arkosic and micaceous sandstones
occur with shales in the middle part of the type section. They
commence, above a basal scour, with a mudclast lag succeeded by

trough crossbedded and same planar-laminated units.

Near the top of the Friars Cove Formation, multistory sequences of
gray, trough cross-stratified and planar-laminated sandstones
Predominate (See Figure 8, and Section T, Figure 11). Ripple cross-
lamination, plant rootlets and red coloration occur at the top of some

units.

Interpretation of 1lithofacies B: The characteristics of
lithofacies B suggest that the thick-bedded sandstones were deposited

in fluvial channels and as deltaic sand bodies around the margin of a

lake.

The association of shallow lacustrine deposits with the thick,
massive and crossbedded sandstones on Codroy Island and with the

thick, planar-stratified sandstones in the lower 180 m of the Friars
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cove type section implies that these thick sandstones were laid down

along the margins of the Snakes Bight - Friars Cove lake.

On Codroy Island, massive, thick-bedded sandstones overlain by
minor laminated and, in turn, crossbedded sandstones form a vertical
succession of facies units, There lithofacies B sandstones, with
sharp, locally fluted bases and abundant intraclasts, resemble thick
proximal turbidites (Walker, 1967). Rapid deposition of 1large
guantities of sand was most probably affected by powerful currents
(Banerjee, 1977). Interbedded shales, some of which are mudcracked,
may indicate distinct depositional pulses and generally shallow water
depth. This seems to suggest the presence of high-density underflows
discharging from a river mouth into a shallow lake. Rapid deceleration
possibly occurred as the turbidity currents spread out beyond the
river mouth. In other units, where shale is absent, the upward
thickening of beds interspersed with some grits and conglomerates
Provides evidence that some of the sand bodies were prograding rapidly

across the lake margin.

Above the massive, thick-bedded sandstones, planar-laminated
sandstones with parting lineations are overlain by crossbedded
deposits. These rocks seem to indicate that flow conditions changed as
pistributory channels were established or infilled, accompanied by a
decrease in bed load and current velocities (Harms and Fahnestock,
1965; Southard, 1975). The large, planar crossbeds were probably
deposited as cross-channel, transverse or linguoid bars (Cant and

Walker, 1978; Smith, 1971, 1972; Collinson, 1970b) in sandy braided
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channels. Trough crossbeds formed within megarippled sand waves
(Harms , 1975) that migrated along channels (Cant and Walker, 1978).
gimilar sequences of massive, thick-bedded sandstones overlain by
peterogeneous crossbedded sandstones have been illustrated by Kelling
and George (1971) from fluvial distributary channels of the Pembroke
Coalfield, South Wales. There, the massive sandstones are also
interpreted as flood deposits within channels that scoured. into a
delta front sequence, and there they are overlain by crossbedded

sandstones thought to have been deposited by migrating dunes and bars.

The planar-stratified sandstones in the Friars Cove type section
were deposited by traction currents which were strong enough to
transport both pebbles and sand (Harms and Fahnestock, 1965) and to
erode and move large rip-up clasts of partly consolidated
conglamerate. The pebbles rolled along the bed, whilst medium to very
coarse sand was carried in suspension (Walker, 1975a, Figure T-3, page
140). As flow decelerated, pebbles ceased rolling and were deposited
within sand beds characterized by upper flow regime plane beds (Simons
et al., 1965; Harms, 1975; Southard, 1975). Where large quantities of

Pebbles were moved as bed load, pebble beds were formed.

The thick, planar-stratified sandstones possibly formed in large
deep channels with a fairly steady flow strength (Rust, 1972; Harms,
1975; Southard, 1975). Ephemeral streams (Picard and High, 1973),
Which commonly possess sufficient surplus energy to erode and
transport large objects during flood (McKee et al., 1967; Williams,

19711), may also produce such deposits. Broad scour surfaces in the
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Pla,na.r-stratified sandstones suggest the deposits were built up by
repeated influxes of sediment under similar flow conditions. This may

support the latter interpretation.

Finally, sandstone deposits of the delta plain include the fining-
upward sandstones within shales and multistory sandstones in the upper
part of the type section of the Friars Cove Formation. The former bear
the characteristics of deposits of meandering river channels (Allen,
1965a; Walker, 1979a) . The latter resemble facies in the overlying
Spout Falls Formation and were probably laid down by sandy braided

streams.

(C) Rippled sandstone lithofacies

Description of lithofacies C: This lithofacies, 50-500 cm thick,
is best developed south of the "round valley", particularly on Codroy
Island (Sections 3 and 4, Figure 11 on foldout sheet A) where it forms
less than 2% of the section. It begins with a sharp to locally erosive
base above lithofacies B sandstones and passes gradationally upward
into shales and thin sandstones. In places, a bed of crossbedded
sandstone overlies the basal scour. Otherwise, lithofacies C consists
of well sorted, fine, locally dolamitic, quartzose sandstone beds.
These beds are arranged in 28-84 cm thick units of rippled, thin-
bedded sandstones (Plate 20) alternating with 15 cm beds of planar-
laminated sandstones with mudstone partings. Straight, sinuous,
1l’ifurcav.t.ing and interfering symmetrical ripple marks cover complete
bedding planes. They are characterized by 2-12 cm wavelengths, 0.25 to

1.5 cm heights and ripple indices (Tanner, 1967) of 4 to 12. Linguoid
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ripple marks, rib and furrow, some type A ripple drift (Jopling and
Walker, 1968) and ripple cross-lamination associated with scoop-shaped
gcours also occur. Some ripple marks are flattened or gently rounded.
smooth and mudcracked mudstone and thin dolamite or limestone drapes

£ill troughs or cover rippled surfaces (Plate 21).

Interpretation of 1lithofacies C: The well bedded and sorted,
ripple-marked sandstones with locally developed basal scours and the
crossbedded sandstones are interpreted as the record of shallow-water
sand flats formed by currents that reworked the top of facies B
sandstones. Interference ripple patterns, ripple symmetry and the
flattened ;sha.pes of the ripples together suggest that the ripple marks
were modified by 1later currents or by gentle, oscillating wave
activity. Mud drapes were deposited in still water and limestone or
dolomite precipitated when the shallow water covering the rippled
sands became increasingly saline and alkaline due to evaporation
(Liebermann, 1967; von Borch, 1976). Exposure and dessication of the

sand flats was common.

(D) Shale-sandstone lithofacies
Description of lithofacies D: Sequences 5 to 32 m thick, composed
Oof shales and interbedded shales and sandstones, comprise lithofacies

D (Sections 2 to 6, Figure 11). Three associations occur.

The first association occurs in the southwest of the area and lies
8radationally above rippled sandstones. It begins with interbedded

Bhales ang rippled and flat-bedded sandstones gradationally below a



76
middle section of shale. The shale section is in turn intercalated

with thin sheet sandstones below lithofacies B sandstone units.

The rippled sandstones resemble those of facies C, but they are
more argillaceous and display starved ripples, lenticular beds and
bioturbation. Ichnofossils (Plates 22 and 23) include structureless
trails and burrows and 1-2 cm wide trails decorated by an asymmetrical
V-shaped ornamentation resembling chevron trails (Frey and Howard,
1970; Howard, 1972) and Crossopodia (Hantzschel, 1975). Mudcracks also

occur locally.

The shales of the first association are 1-5 m thick, gray colored
and contain paper-thin dolamite laminae and thin beds of ferruginous
siltstone. The sheet sandstone beds that are interbedded with the
shales at the tops of the sequences are fine grained and 5-20 cm
thick. They have sharp, locally fluted, bases and internally consist
of a massive division with small mudchips, overlain, in general, by
lamination and ripple cross—lamination. Parting lineations occur and

80ft sediment deformation is common.

The second association consists of gray and black shales with a
variety of interbedded sandstones and has been mapped in two thick
Seéquences northwest of the Snakes Bight Fault (Section 5 and 6, Figure
11). These strata are associated with the gray, crossbedded, fining
Upward, channel sandstones of lithofacies B. Mudcracks and plant
Tootlets are common in some of the gray shales but are lacking in

Others. The black shales appear to lack mudcracks and are rich in
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plade- like plant fragments.

Thin, planar-bedded, laminated siltstones and very fine
gandstones, 1-6 cm thick, are interspersed in the shales. They become
increasingly important close to the facies B channel sandstones, where
they are sheet-like, graded deposits up to 30 cm thick, and locally 2
m thick. Mudcracked bases are common and sedimentary structures
include lamination, cross-lamination and small isolated crossbeds. In
contrast , sheet sands with flat, irregular to fluted bases are usually

seen in association with shales lacking mudcracks.

The third association also consists of sequences of alternating
shales and sheeted sandstones. They lie stratigraphically above the
gray and black shale sequences toward the top of the type section and
attain thicknesses of 5-24 m. Here, the association comprises sheet-
like deposits of gray, arkosic and micaceous sandstones, up to 30 cm
thick, that alternate with 5 - 30 cm beds of mudcracked, green shales.
The medium to very fine grained sheet sandstones are normally graded.
Internally they are planar stratified, laminated and ripple cross-
laminated. Crossbedding (5-15 cm thick sets) is less common. Bases
Preserve mudcracks and the tops of some sandstone beds are red. They

€losely resemble some of the beds in the Spout Falls Formation.

Interpretation of lithofacies D: The shales and sandstones of the
first association in lithofacies D were deposited in shallow nearshore
o offshore settings in what is now the southwest of the area.

Alternating shales and rippled and planar-bedded sandstones,
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containing trace fossils and locally mudcracks, may imply shallow
sublittoral to shoreline deposition. Shales lacking subaerial features
but displaying dolomite laminae and thin laminated siltstones overlie
these shoreline deposits. They suggest that water 1level rose to
establish a quiet offshore setting dominated by deposition from
suspension. In contradistinction, the intercalated sheet sands point
to a turbidite origin. Turbidity currents presumably reached the
offshore enviromment ahead of the prograding deltas responsible for

sandstones of lithofacies B.

In the northwest and locally above thick sandstone units in the
southwest (Section 2, Figure 12), the gray shales of the second
association contain abundant evidence of dessication and active growth
of vegetation. This suggests delta-top floodplain environments
consisting of swamps and local, shallow ephemeral lakes. Anoxygenic

gray and black shales without mudcracks were deposited locally in more

Permanent lakes.

Sheet sandstones and planar-stratified sandstones periodically
blanketed the floodplain muds as flood waters breached river channels.
Sand sheets with turbidite-like structures were laid down in the

lakes, whilst crevasse splay sand sheets inundated the exposed muddy

floodplain.

The sequences of sheet sandstones in the third association of
lithofacies D are intercalated with mudcracked, green shales and they

are interpreted as the deposits of shallow, ephemeral streams. They
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compare in character and origin to deposits of lithofacies B of the
spout Falls Formation. The non-erosive bases, the sheet-like beds, the
gominantly planar lamination and the thin internal stratification are
all in common with ephemeral stream deposits (Frostick and Reid, 197T;

punbridge, 198la and b).

(E) Red sandstone and pebbly arkose lithofacies.

Description of lithofacies E: Facies E 1is recognized only on
Codroy Island, Grand Daddy's Brook and in some outcrops in the hills
east of Ryans Brook. It represents only a few percent of the total
Friars Cove Formation. It is composed of green to red arkosic small-
pebble conglomerates, grits and very coarse and coarse sandstones
lying erosively upon and overlain by micaceous, fine grained, red

sandstones (Plate 24; Figure 12A).

Structureless, green, very coarse sandstones are overlain
erosively by structureless conglamerate and grit in the section
illustrated from Codroy Island (Figure 12A). These rocks consist of
well sorted, angular pebbles of fine and medium crystalline red
granites, pink feldspar, granite gneiss, brown-red rhyolite, green
argillite, white quartz and yellow weathering limonitic clasts. The
fonglomerates are overlain by more green, coarse sandstones that

contain 2 cm layers of arkosic grit and heavy mineral laminae.

The associated red sandstones are planar laminated and thin bedded
below the arkosic rocks. Above the arkosic rocks, they also include

Some ripple drift, crossbeds, plant rootlets and shale partings with
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pudcracks and rain prints.

Interpretation of lithofacies E: Although there is a contrast in
composition, grain size and sedimentary structures in the two
lithologies of the facies, both deposits are interpreted as ephemeral

gstream deposits produced by flash floods of different magnitudes.

Red, thick, fine grained, micaceous sandstones were probably the
characteristic deposits of the area. They illustrate planar lamination
and thin bedding, ripple drift and mudcracked shale partings. These
features are characteristic of shallow, sandy, ephemeral streams
produced by flashfloods of moderate magnitude (Williams, 1971; Picard

and High, 1973; Frostick and Reid, 1977; Tunbridge, 1981a).

The coarse-grained arkoses however, are thick-bedded, generally
structureless, and rest in scours. The structureless character
Suggests rapid deposition of highly concentrated sand and gravel flows
by a number of flood pulses, each of which had sufficient energy to
8Cour a channel which it later filled. Major, but rare, catastrophic
flashfloods probably served to bring coarser sediment into the more
distal parts of the ephemeral stream system (Baker, 1977; Frostick and
Reiq, 1977). The composition of the detritus suggests a source

Boutheast of the Long Range fault.

(F) Carbonate lithofacies
Description of lithofacies F: This minor facies includes

Stramatolitic dolomites, sandy dolomites and limestones, and dolomitic
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or calcareous sandstones. Sandy carbonates occur mostly in the
southeast of the subbasin where they are associated with rippled
sandstones of lithofacies C and shales of lithofacies D. To the
porthwest of Snakes Bight, one occurrence of stromatolitic dolomite
has been noted in the basal conglomerate-sandstone facies (Section K
152, Figure 9). Similar units are also found in a shale sequence
higher in the Friars Cove Formation in an unnamed stream valley near

Johnsons Gulch.

The stromatolitic dolomites occur with the sandy dolomites. They
are yellow-weathering, simple structures that include small heads

resembling algal biscuit structures (Gebelein, 1969), broad flat heads

composed of smooth laminated mat (Plate 25) and SH-C and SH-V growth
forms (Logan et al., 1964) up to 10 cm in height and 7 cm wide. Loose
float blocks of edgewise breccia and stromatolite are found in Grand
Daddy's Brook. The associated sandy dolomites enclose intraclasts
derived from the stromatolites. They are massive or poorly stratified
and occur interbedded with thinly-bedded, locally bioturbated, gray

calcareous mudstones, 30 cm thick.

The sandy limestones occur as well-sorted, cross- or planar-
laninated and ripple-marked deposits. They form beds 10-15 cm thick
and contain lenses of massive gray micrite. The sandy limestones are
composed of clean quartz sand grains, micrite-coated quartz sand
Brains (Plate 26), ooids (Plate 27) and intraclasts of spar, micrite,
Calcareous algae °and stromatolite. Some intraclasts enclose two or

More ooids (Plate 27) and show early cementation.
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Intergranular porosity, now indicated by the abundance of clear,

coarse spar cement, was initially high.

Interpretation of lithofacies F: The carbonate facies was
deposited locally in shallow, marginal lacustrine settings and is
gomparable to many modern and ancient lacustrine carbonate deposits
(Fannin, 1969; Donovan, 1975; Eugster and Hardie, 1975; Link and
Osborne, 1978; Schafer and Stapf, 1978). Mudstones were deposited in
guiet lagoons. Stromatolites and well-sorted, ripple-marked sandy
carbonates formed in agitated shoal and shoreline areas. Laminated
algal mats developed on mud flats which were dessicated and locally

disintegrated to provide abundant intraclasts.

Carbonate is rare and apparently only dolomites are present
northwest of the Snakes Bight fault. Both limestones and dolomites
occur, however, in the southeast where the limestones are rich in
0oids and intraclasts. This suggests that the limestones may have been
formed in more open, agitated, near-shore waters, whilst the
microcrystalline dolomites formed in restricted, possibly hyper-saline
areas only centimetres deep (von der Borch, 1976; von der Borch and

8hock, 1979).

(G) Well sorted, sandstone-siltstone lithofacies
Description of lithofacies G: To date, lithofacies G has only been
Técorded in the uppermost strata of the Friars Cove Formation in the

8Ooutheast of the area where it is only a minor camponent. There it is
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ecmposed of well sorted, buff weathering, gray or black colored,
”nera-lly fine grained sandstones and siltstones associated with some
grey shale and rare intraclastic dolomite beds (Figure 12B). The
sandstones illustrate variable bed thicknesses, and shale partings are
common. Internal structures include lamination, flat bedding,
gpple-drift cross-lamination, crossbedding and convolution. The
laminations are sorted by grain size; some are rich in heavy minerals
and/or mica and many exhibit parting lineations. Mudclast-rich layers
are common in the sandstones. Ripple marks also occur, covered by
either smooth or mudcracked and rain-pitted shale drapes. Some 30 cm
thick, laminated, silty mudstones displaying 1lenticular and wavy

bedding (cf. Reineck and Wunderlich, 1968) are interbedded with the

sandstones .

Intraformational breccias are composed of shale, dolomite and
reddened limestone intraclasts set in a shale and carbonate matrix.
The breccias form lenses and beds 5 to 30 cm thick. Some beds are

overlain by red, mudcracked, thin-bedded siltstones and sandstones.

Interpretation of lithofacies G: The presence of intraformational
dolomite breccias, rippled sandstones, well-sorted laminated
Sandstones and mudcracked horizons suggests that facies G was also
deposited in a shallow-water , marginal lacustrine setting. Lake levels
fluctuated frequently on local and regional scales as water rose or
fell in response to storms, evaporation, river inflow and outflow, and
the driving effects of onshore or offshore winds (Oomkens, 1970). The

Sandstones with good sorting, ripple marks and laminated bedding were
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deposited on sandflats and beaches during high water levels. Mudflats
and carbonate flats, which were later dessicated, formed as water
jevels receded. Intraformational breccias were produced when the flats
were reworked during the next high water stage. In some cases,
however, the dessicated flats were overlain by red, fine alluvium as

offlap continued.

Strikingly similar facies occur in the Triasic East Berlin
Formation of Connecticut (Hubert et al., 1976), where laminated and
rippled sandstones are interpreted to have formed as sands on the

shores and beaches of lakes.

Paleocurrents in the Friars Cove Formation

Paleocurrent measurements of ripple marks, parting lineations, rib

and furrow and a few crossbeds are shown in Figure 13.

On Codroy Island, the few crossbeds give a fan-shaped,
northwestward distribution. Parting lineations in the same area also
give a northwestward trend. In the Anguille Mountains, crossbeds give
West and southwestward directions, whilst parting lineations trend

morth-south. Data is insufficient, however, to make valid conclusions.

Symmetrical ripple marks from the rippled sandstones of
ithofacies C have a praminent east-southeast to southeast crest trend
d asymmetrical ripples give a north-northeast paleoflow (see also
te, 1964, pages 254-257). These ripple-generating currents were

Pendicular to those of the crossbeds and parting 1lineations,
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perhaps reflecting a northeasterly prevailing wind direction.

“e and correlative deposits of the Friars Cove Formation

No paleontological data 1is available for the Priars Cove
Formation. Samples processed for microspores failed to yield any flora
(Cote, 196hk; Barss, personal communication 1979). The formation was
correlated with the Ainslie member/formation of Cape Breton (Cote,

196k4; Baird and Cote, 1964; Belt, 1969).

E_e;ositiona.l environment of the Friars Cove Formation
The gray sedimentary rocks of the Friars Cove Formation were
deposited dominantly in a fluvial-deltaic, shallow lacustrine setting

as the final fill of the Snakes Bight lake.

A significant period of tectonic instability occurred during the
development of the Friars Cove Formation and is evidenced by the
nature of +the basal conglamerate member, the presence of thick
sandstones throughout the formation, the immature composition of the
sediments (see Petrography of Siliciclastic Rocks of the Anguille
Group) , and the marked stratigraphic thickening both northeastward and
from northwest to southeast across the Snakes Bight fault. Subsidence
and uplift occurred along northeast trending faults. In particular,
the Snakes Bight fault was an active growth fault along which the
SOutheastern part of the subbasin subsided. Cambro-Ordovician
Platformal rocks, Taconic ophiolite massifs and underlying Precambrian
Crystalline rocks were uplifted to form an upland herein named the

Bunber Arm allochthon highlands. These highlands provided detritus to
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the subbasin for the first time from north of the subbasin. Granitic
and silicic volcanic pebbles in conglamerates laid down in the central
and southeastern parts of the Anguille Mountains seem to indicate
gynchronous uplift of Paleozoic volcanic and granitic rocks southeast
of the Long Range fault. Uplift of these source areas maintained steep
drainage gradients so that rivers swept large quantities of coarse
sandy (initially conglomeratic) material into the basin. Little
evidence is available to determine the climatic conditions. Dolamite
laminae in the shales and the rare dolomitic and stromatolitic beds as
well as sandstones that were deposited by ephemeral streams suggest a

gemiarid climate.

Sandy detritus, which dominates the first 180 m of the Friars Cove
Formation, was probably deposited in deltas that inundated the margins
of the shallow lake in which the gray shales were accumulating. Along
the northwest side of the subbasin, stratified, often pebbly,
sandstones were deposited in ephemeral streams at times of flash
floods. These sediments built up a series of fan deltas (cf. Sneh,
1979; Wescott and Ethridge, 1980) adjacent to the Humber Arm
$llochthon highlands and the highlands southeast of the Long Range
fault. Processes and deposits on the subaerial portions of fan deltas
are essentially similar to those on modern alluvial fans (Wescott and
thidee, 1980). Sandy sheetflood and ephemeral-stream deposits would
lie basinward of inner-fan debris flow or stream gravel deposits. The
latter reached the axis of the subbasin only rarely. Their existence
is Supported, however, by the Cape Anguille conglomerates. Gravel

deposits were funnelled along channels into a deeper-water zone of the
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jake during the 1initial stages of fan delta construction.
Lithostratigraphically, this episode marks the base of the formation.
Basal conglomerates and sandstones in the center of the subbasin have
a provenance to the southeast and show characteristics of braided
streams. Similiar lithofacies may also have occurred along the

southeastern margin of the subbasin at this time.

The middle part of the Friars Cove Formation, in the area
porthwest of the Snakes Bight fault, is dominated by gray shales and
sheet and channel sandstones. Madcracked horizons, plant remains and
the presence of thin overbank sheet sands suggest a flat lying, broad,
delta floodplain spotted with ponds and small lakes. Sediment was
supplied by overbank flooding and crevassing from distributary
channels and is represented by the fining-upward, crossbedded
sandstones of lithofacies B. Sequences of intercalated shales and
sheet sands (see association 3 of lithofacies D) formed on a mud and
sand flat that lay along the inner edge of the delta floodplain. In
the type section area, these deposits generally overlie shales
pterpreted to have formed upon the delta floodplain (association 2 of
lithofacies D). The repetitive bedding suggests the sands probably
resulted from reworking of sandy alluvium, perhaps from an alluvial
fan, by ephemeral sheetfloods. The sheetfloods were generated by
Flashfloods that flushed the sand onto the inner edge of the muddy
delta Plain. This is the process and enviromment suggested by Smoot
'(1973) for deposits of comparable interbedded shales and sheet
Sandstones in the Wilkins Peak Formation of the Green River Formation.

Crossbedded and laminated sandstones, locally oxidized to a red color,
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overlie the delta plain shales and sand and mudflat deposits. Lack of
fine, red, overbank deposits associated with these gray sandstones and
their resemblance to the redbeds of the overlying Spout Falls
Formation suggests they were deposited by sandy, braided streams. They
carried sandy detritus from basin-margin alluvial fans southeastward

onto the inner margin of the delta plain.

On Codroy Island, a 690 m thick, incomplete section of the Friars
Cove Formation illustrates cyclothems in the 1lower 120 m. Each
eyclothem begins with shales overlain by massive-bedded and thick
crossbedded sandstones that are, in turn, superseded by ripple-marked
sandstones. Their presence in the southeast of the subbasin suggests
that, at various times, the lake was filled by fluvially dominated,
sandy deltas (Galloway, 1975). Provenance and paleocurrent data
indicate that the deltas were built out into the lake along its
southeast margin. The cycles point to both constructional and
flestructional phases. Thick-bedded, massive sands were deposited by
sediment-laden floods discharged from river mouths. These high density
underflows (cf. Lambert, et al., 1976; Sturm and Matter, 1978)
Probably constructed a large lobate-shaped delta (Miall, 1979). Shale
:lnterbeds, same mudcracked, may show that sedimentation was shortlived
8nd repetitive. This may have been caused by frequent redirection of
diStributary channels due to avulsion or crevassing, or by
htermittent fluvial sedimentation that was primarily controlled by
the semiarid climate in which the subbasin evolved. Large planar
Erossbeds associated with trough crossbedding suggest that sandy

Praided streams (Miall, 1978; Walker, 1979) were established upon the
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delta platform.

The destructive phase of the cycles occurred after delta
abandorment when lake level was maintained or rose. At such times, the
delta sands were reworked by wind-generated wave activity into beaches

and rippled sand flats in interdistributary bays or over the delta

top.

Calcareous mud, gray shales and minor carbonates were deposited
offshore along shallow, interdistributary bays and agitated
shorelines. The dolomitisation of the carbonate deposits is suggestive
of high Mg-Ca ratios (Muller et al., 1972) and high evaporation rates
(von der Borch and Shock, 1979) in the shallow lake waters. A limited,
soft-bodied fauna frequented the 2zone between the rippled sandflats

and the offshore shale.

Shallow-lacustrine to shoreline conditions were maintained in the
southwest of the subbasin into the late stages of development of the
Friars Cove Formation. The generally gray rocks formed in these
enviromments underlie basal strata of the Codroy Group as far north as
the "round valley™ and the North Branch of the Grand Codroy River.
Here, however, a transition occurs northwards into sandy, red alluvium
Of the Spout Falls Formation. It appears that south of this transition
braided streams that carried coarse pebbly to sandy detritus from the
80utheast margin into the axial zone of the subbasin caused the lake

to shrink appreciably in size at times.
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Spout Falls Formation

ﬁéfinition and distribution

A complex of geographically separated rock sequences are here

grouped together in the Spout Falls Formation. They include:

(1) Red and gray sandstones with minor siltstones and conglom-
erates that underlie the northern half of Anguille Mountains, Bald
Mountain and continue northeast adjacent to the Long Range Fault
almost to Barachois Brook. They are equivalent to the upper red

sequence of the Seacliffs Formation of Baird and Cote (196L4).

(2) Gray and minor red conglamerates and sandstones called the
Fischells conglomerate member (Baird, 1951). This forms the core of
the Flat Bay anticline and occurs faulted against the Steel Mountain
anorthosite massif along Sheep, Coal and Flat Bay Brooks. Belt (1969)
called it the Fischells Brook Formation. A thin (1-2 m) conglamerate
that lies beneath basal Codroy Group limestone (Windsor subzone A, von
Bitter and Plint-Geberl, 1982) on the Port au Port Peninsula and at
Fomaines Brook at the northern margin of the subbasin is included in

the Fischells conglamerate member.

(3) Basal strata of a thick sequence of fault-bounded, red arkosic
rocks informally defined by Fong (1976) as the Brow Pond lentil may
also be time equivalent to strata of the Spout Falls Formation. The
basal strata are tilted, gently folded and overlain unconformably by

&rkosic rocks camprising the rest of the lentil.
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The top of the Spout Falls Formation is placed throughout the

gubbasin at the base of the Ship Cove Formation.

Thickness

The Spout Falls Formation forms a northeastward thickening prism
of sediment. South of the "round valley", Codroy lowlands, Spout Falls
lithologies are seen as thin intercalations within the strata of the
Friars Cove Formation. They are not separable on the scale of the
accompanying map. The formation is 780 m thick northwest of the Snakes
Bight Fault but it is calculated from structural cross sections to
thicken to at least 2250 m just west of Codroy Pond at the north end
of the Anguille Mountains. This marked thickening is attributed to
active, fault—-controlled, syndepositional subsidence. This notion is
further supported by the thickening of Friars Cove Formation across

the same Snakes Bight fault.
The Fischells conglomerate member is estimated to be 100 to 150 m
thick (Fong, 1976; Fong, personal communication, 1976) in the Flat Bay

anticline and at least 200 m thick along Coal Brook (Baird, 1949).

General lithology

The Spout Falls Formation in the Anguille Mountains and Bald
Mountain consists of well indurated to friable, red, reddish-gray,
8ray and green calcareous, arkosic and micaceous sandstones. Conglom-

€rates, intraformational conglomerates and minor siltstones and shales

also occur.
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The succession 1is dominated by fluviatile sandstones exhibiting
gbundant scouring, and a well-bedded, sheet-like geametry (Plate 28).
Mudchips, intraformational conglomerates, abundant parallel
stratification and lesser quantities of crossbedding are present.
Ssiltstones are uncommon and conglomerates are sporadically
distributed. The 250 m thick incaomplete section at Friars Cove
delineates no fining- or coarsening-upward grain size trends. However,
Cote (1964) measured a generalized, incamplete section of 500 m on
Lewis Gulch which shows the upper 250 m to be slightly more granular

and pebbly than the lower part of the section.

As the Spout Falls Formation is traced northeastward, lenses and
thin beds of conglamerate became more abundant, particularly adjacent
to the Iong Range fault northeast of Bald Mountain. Rounded to
subangular pebbles consist overall of red granite which may be
Porphyritic, gray granite gneiss, porphyritic and aphanitic brown and
green silicic volcanics, white quartz, white quartzite and limestone.
Quartzite and limestone clasts are noticably absent, however, in
exposures on Bald Mountain. Pebbles only 8 mm in maximum dimension
occur in the Friars Cove section but they increase in size to 12 cm in
diameter farther northeast at ILewis Gulch and around the northern

closure of the Anguille anticline.

The Fischells conglomerate member is composed of gray and red,
Well indurated, polymictic conglamerate and lenses of sandstone. An
approximately 20 m thick unit of flaggy, gray sandstones occurs in the

middle of the member on the east side of the anticline on Fischells
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Brook (D. Rogers, personal communication, 1981). The member consists
of gray strata in the north of the Flat Bay anticline but gray beds
are intercalated with red sandstones in the south near Robinsons
River. Gray conglamerates extend as far south as the Highlands River
where they are interbedded within gray and red sandstones near the
pnorthern closure of the Anguille é.nticline (Fong, personal
communication, 1976). Red and gray beds occur in the member near the

Steel Mountain anorthosite (Baird, 1949).

The conglomerates of the Fischells conglomerate member consist of
rounded and subrounded pebbles and cobbles near Steel Mountain, and
pebbles in the Flat Bay anticline. The clasts in the latter locality
were mostly derived from the erosion of Cambro-Ordovician carbonate
rocks supplemented by white quartz, red Jjasper, granite, silicic
volcanic and metamorphic clasts shed from the central Newfoundland
uplands. Near Steel Mountain, they consist of vein quartz, white, buff
and reddish quartzites, several granitic rock types, diabase, some

basic plutonic lithoclasts, gray, commonly cherty limestone and red

shale (Baird, 1949).

Six lithofacies have been delineated in the Spout Falls Formation.
Same are observable in the section at Friars Cove. They are (A) thick-
bedded sandstone lithofacies, (B) stratified sandstone lithofacies,
(c) fining-upward sandstone-siltstone lithofacies, (D) sandstones with
large—scale crossbeds (E) siltstone - very fine sandstone lithofacies

and (F) conglamerate lithofacies.
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(A) Thick-bedded sandstone lithofacies

Description of lithofacies A: Lithofacies A consists of red, gray
and green sandstones, pebbly sandstones, minor conglomerate,
intraformational conglomerate, thin shaly siltstones and shales in
sequences up to 10 m thick. It comprises some 41% of the incomplete
section measured on Friars Cove and is characterized by beds, 20-60 cm
and locally 2 m thick, of medium to very coarse grained sandstone. The
beds have a sheet-like geametry, vary in thickness along the bed and
may be separated by thin siltstones or shale partings (Sections 1, 2,

3, Figure 1L).

Sandstone beds within this lithofacies begin with planar, broadly
curved or irregular scours which are overlain by one or more of the
following: (1) small pebble conglomerates or intraformational
conglomerates with clasts 1locally concentrated in the scour.
depression; (2) well to poorly defined, horizontal to slightly
inclined stratification with some solitary crossbeds; (3) structure-
less beds of sandstone or pebbly sandstone (Section 1, 2, Figure 1k);
(L) Planar cross-stratification which may also overlie a basal
eonglomerate; and (5) trough crossbeds overlain by some laminated and
Cross-laminated rocks. Grain size and sedimentary structure size
decrease upwards in some sequences where planar crossbeds are overlain
by trough crossbedded and/or laminated horizons. 'I'rouéh crossbeds,
Which locally contain convoluted foresets, are 10 to 25 cm thick, and
10 to 200 cm in length. Isolated cross-sets in laminated beds have
broag shallow scours, 1.5 to 2 m wide and 10 to 20 cm deep. They are

filled concordantly by stratification similar to the Zeta or Theta
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cross-stratification of Allen (1963). Ripple marks occur on the tops

of some beds .

Shaly siltstone and shale beds up to 15 cm thick are interbedded
with the sandstones. In many cases, however, shale partings and drapes

gseparate the sandstone beds. The shales are commonly mudcracked.

Interpretation of 1lithofacies A: The characteristics of
lithofacies A suggest deposition in shallow, sandy braided streams.
Separation of sandstones by mudcracked layers of shale and siltstone
may indicate that each sandstone bed represents a distinct
depositional event. This further implies that the braided fluvial

system either was ephemeral or was characterized by rapid lateral

shifting of channels.

The erosional bases, abundant mudclasts and sheet-like geometry of
the sandstones support an interpretation based on frequent lateral
shifting of channels and erosion of previously deposited units.
Deposition within channels was variable. Horizontal and low-angle
Planar, crude stratification was perhaps formed in longitudinal bars
(Smith<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>