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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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Aims of Study

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

a) to define the stratigraphy of the Anguille and Cod y Grou ;

b) to describe and interpret the 1lithologies, 13i hofac es,

paleontology and depositional environment of forme ions wi hin
the two groups;

c) to interpret the paleogeography and tectonic set ing of the

subbasin during the time interval when the two groups are

deposited.

Methods of Investigation

Geologic information presented in the thesis was collected 1 a
general and descriptive manner from outcrops mostly along coastal
sections and along streams and rivers. Systematic ed 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






































































































































































































































































































































































































































































































































































































































































































2Ls
have fine wavy lamination, festoon ripple cross-lamination, shale
flasers, and some irregular burrows. Straight, symmetrical ripple
marks, interference ripple marks and rain pits occur on the tops of

beds .

Current directions in the second association are to the northeast

or east, except where has been otherwise noted.

Interpretation of lithofacies M: The first association of
lithofacies M contains a record of repetitive low and high energy
deposition in a restricted marine setting. Quiet water shales suggest
a protected enviromment such as a back barrier lagoon (Hayes and Kana,
1976; Reinson, 1979). Carbonate c¢ cretions and beds, halite and
gypsum pseudomorphs, gypsum beds and the low density, small infauna
show that salinities varied considerably (Ellic t, 1978b). The
branchiopod, Leaia (Bell, 1948), may be a brackish-water form (Heckel,
1972), but other species and the abundant bioturbation are consistent
with near-normal marine conditions for much of the time. The
ichnofossils are generally similar to those expected in near-shore or

lagoonal enviromments (Howard, 1972; Chamberlain, 1 '8).

Interrupting the dominantly quiet sedimentation were episodes of
deposition of fine sand and coarse silt. Gradational bases 1in some
thicker sandstones and the gradual coarsening upward due to the
increase of thin sand lenses and beds 1in the shales suggest
progradation of sands over the lagoonal muds. Erosion at the base of

or within sandstones indicates that high-energy, storm events
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varicolored mudstones (Section A, B, C and D, Figure 29) in the
section below Fischells limestone on Fischells Brook, and also in

continuous, though poorly exposed, sequences several tens of metres

thick (Figure 29, Section A).

The facies includes several types of deposits. Brown, massive,
muddy siltstone is the most common rock type (Plate 91). It occurs in
beds, 50 to 500 cm thick, lying in many cases gradationally within
varicolored mudstones. In some units, thinly developed, drab gray,
massive, silty mudstones lie between the varicolored mudstones and the
brown siltstones. Cubic crystal molds, 1 to 5 mm in

size, are

distributed randomly throughout the mudstones.

The second type of deposit consists of sequences, 2 to 6 m thick,
composed of graded beds of coarse siltstone and structureless,
halitic, muddy siltstone. The coarse siltstones overlie a basal scour.
Internally some of them have a thick interval of planar lamination
without parting lineations, and this is overlain by a thin division
with cross—.amination. Others have only ripple laminations, including
some climbing types. Crossbeds occur loc 1lly. Some of the halitic
muddy siltstone beds have indistinct bedding, and symmetrical
convolute deformation, picked out by weathering, was noted locally

(Figure 29, Section D).

The third type of deposit in the facies consists of brown, silty,
very fine sandstones, 1 to 4 m thick. They have scoured bases,

abundant internal erosion, some trough cross-stratification, plentiful
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sandstone wedges prograded over the marginal, muddy sand flats of the
hypersaline ponds and were perhaps deposits of small aeolian

megaripples that encroached along the edge of the ponds.

(P) Green-gray mudstone-siltstone lithofacies

Description of lithofacies P: Lithofacies P consists of green and
green-gray mudstones and siltstones that are found only below the
Fischells limestone on Fischells Brook. They occur in units 1 to 3.5 m

thick mostly associated with rocks of lithofacies Q.

Lithofacies P has three associations. The first association
consists of massive green-gray mudstones, up to 240 cm thick,
gradationally overlain by 27 to 45 cm of current laminated, green-gray
siltstones. The latter in turn underlie lithofacies Q sandstones to
form coarsening-upward sequences overall (Figure 29, Sections B and
C). Climbing ripple drift, ripple cross-lamination, and local
convolution are +typical of the upper siltstones; downcurrent the
ripple drift passes into small scale crossbeds. large, sand-filled
Cracks were noted in a mudstone unit that lies sandwiched between two

thick lithofacies Q sandstones.

The second type of deposit 1is composed of 20 cm beds of
interlaminated green-gray siltstones and mudstones, with some beds of

green and gray massive mudstone.

The third association in this facies consists of graded beds, 30

to 90 cm thick, of siltstone and mudstone. The siltstones, which are
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second association were deposited by overbank flooding (Kanes, 1970,
ponaldson et al., 1970; Elliott, 1975) in shallow sheltered bays and

ponds on the delta top.

In the third association, decelerating density currents were
probably responsible for the grading and sequential arrangement of
cross—laminated siltstones below structureless muds. The currents
probably formed when sediment-ladden flood waters descended through
levee-breaches from elevated, distributary channels. Their suspended
sediment was spread out as crevasse splay lobes or sheets into nearby
bays or lakes (Elliott, 1975). Overbank flooding and channel
crevassing higher on the delta plain produced similar graded deposits

which were partly oxidized.

(Q) Crossbedded sandstone lithofacies

Description of lithofacies Q: Green-gray, very fine to medium-fine
grained sandstones, in units 2 to 8.5 m thick (Plate 93), compose this
lithofacies. Sandstones dominate two separate sections (Figure 29,
Sections B énd D) along Fischells Brook below the Fischells limestone.
Each section is 30 to 40 m thick. A single unit, 8 m thick, occurs in
the Mollichignick Member (Plate 83; Figure 27, Section B). Grain size
within individual sandstone units may be constant or it may fine
upward. Some sandstones are composed of interbedded, lenticular

Ssandstones and siltstones.

Characteristic of the facies as a whole, but particularly the

ungraded sandstones, 1s the abundance of internal scouring,
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Large mudcracks that occur in siltstones between two thick channel
sandstones , suggest that channels were periodically abandoned and
desiccated. Similar desiccation features are present in temporarily
abandoned distributary channels of the New River delta, Salton Sea,

California (Stephen and Gorsline, 1975).

The bar-shaped sandstone which 1is onlapped by wvaricolored
mudstones and halite-bearing siltstones may also be a distributary
channel deposit. The channel, however, would have ©been abruptly
abandoned so that it became the site of a hypersaline pool which was
infilled by the onlapping fine beds. Elongate salt pans have been
described in an abandoned channel in the Colorado delta, Gulf of
California (Meckel, 1975). The lack of lateral exposure prevents a
full understanding of this deposit, and it is conceivable that it
formed in a barrier island - chenier plain complex (Kraft, 1978) or as
a marginal, beach ridge like that described from lake Michigan (Fraser
and Hester, 1977). In this model, shoreline beach deposits of planar-
stratified sandstones are overlain by a narrow ridge behind which are
deposited varicolored mudstones and mudflat deposits (Meckel, 1975;
Wright, 1978; Kraft, 1978). This would imply that distributary
sandstones were reworked by shoreline processes, including
Storm-driven currents and waves, after delta progradation had ceased.
The stratigraphic position of the bar-shaped deposit tends to support
interpretation as a beach-ridge complex. It lies above the main delta
Sequences and below a segquence dominated by deposits of hypersaline

PoOonds and mudflats. Clearly, therefore, primary control of
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(vi) dolomites and (vii) brecciated limestones. Unlike the approach
taken with the other lithofacies in the Robinsons River Formation,
each of the subfacies of the marine carbonate lithofacies is described

and interpreted separately.

(i) Description of burrowed lime mudstones: Lime mudstones
deposited in irregular 2 to 10 cm beds are interbedded with gray
calcareous mudstones and shales. They generally lie at the bases of
carbonate units and are Dbuff weathering, argillaceous and
carbonaceous. They contain few fossils, but are mottled by randomly

oriented, 2 mm burrows (Helminthoida?). The sparse fauna consists

mostly of the bivalve Aviculopecten and there are some algal laminae.

Moldic porosity is common and is filled by clear ferroan calcite
spar or dolomite. The porosity resulted from dissolution of rhombic to

needle-like crystals and of skeletal remains.

Rhombic dolomite crystals 0.02 to 0.05 mm in size are scattered

through the lime mudstones.

Interpretation of burrowed lime mudstones: The subfacies was
deposited in a quiet subtidal environment that hosted a sparse
skeletal and soft-bodied fauna. The environment was probably near-
shore shallow lagoons with elevated salinities. Moldic crystal
POorosity, possibly after gypsum, and fine crystalline dolomite in the
lime mudstones suggest that they were affected by sabkha processes

(Kinsman, 1966, 1969). The facies resembles facies IV wackestones of
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Stage II (Figures 33 and 34A) - Stage II encompasses the salt-
pearing strata of the St. George's Bay lowlands which occupies the
lower 550 to 1,600 m of the Jeffrey's Village Member. Thickness data
available (Figure 33) indicate that the salt probably formed in
several, rapidly subsiding depressions hosting considerably thicker
sedimentary sections. Positive areas separated the depressions and
received much thinner sedimentary covers. A topographic high over the
site of the present Flat Bay anticline (Flat Bay divide) separated the
thinner siliciclastic section at Fischells Brook, west of the
anticline, from a thicker salt-bearing depression to the east
(Fischells Brook salt deposit). It is also possible that the Anguille

anticline formed a similar positive area.

The depressions were possibly isolated from open marine conditions
but were periodically flooded as the basin subsided. Alternatively, a
restricted connection might have been retained to the Windsor Sea
(Bell, 1929, 1948) which probably lay to the west. Shallow salinas
were thus maintained in separate, partly interconnected depressions
during a common geologic interval or formed at different times as

Separate areas of the subbasin began to subside actively.

Fine siliciclastics were deposited along the margins of the inland
depressions as suggested by the 7T km distance separating the Fischells
Brook section from the Robinsons salt deposite. Sedimentation at the
basin margins alternated between delta outbuilding and widespread
mudflat development. Small, bird's-foot type deltas prograded out into

the shallow, sheltered, probably essentially tideless, inland sea.
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nerally much finer grained with thick sandstones only sporadically
svyeloped. The fine red alluvium was deposited on an alluvial plain
floodplain siltstones and thin sheet sandstones. The latter are
rpified by sharp but not always erosive bases, flat bedding and cross
lamination. They were probably the flood deposits of shallow, possibly
ephemeral, streams (Friend, 1978; McKee et al., 1967; Williams, 1971;
card and High, 1973) or were produced by sheetwash outward from the

lower slopes of alluvial fans (Heward, 1978b; Hardie et al., 1978).

Channel sandstone deposits are not common in the upper part of the
stage. They occur most commonly (Figure 20) near the top of the member
and as it is traced northeastward. Both low and high sinuosity streams
occurred; the low sinuosity stream deposits are dominated by flat
bedding. Fining-upward sandstone deposits up to 4 m thick, however,
include both crossbedded and planar-stratified sandstones that were
Probably laid down in meandering channels. If this sandstone thickness
represents bankfull channel depth (Leeder, 1973), a channel width of
about 40 m and meander belt width of about 390 m (Collinson, 1978Db)
seems Dprobable. General scarcity of channel sandstones, presence of
multistory channel sandstone deposits and locally thick levee and
Crevasse splay deposits suggest that meander belts were stabilized on
the alluvial plain and that the alluvial plain aggraded by overbank
flooding. Planar crossbedded sandstones with mudcracked siltstone
interbeds suggest that ephemeral braided streams also crossed the
alluvial plain. Virtual absence of caliche in the upper section of

the stage suggests sedimentation rates were high (Leeder, 1975).
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implies that the original southeast margin was locally irregular and
changed in position as the narrow, fault-bounded basement wedges were
uplifted along the active tectonic margin. Alternatively, the magnetic
anomaly may imply that some volcanic rocks were extruded close to the

Long Range fault within the lower part of the Mollichignick Member.

The alluvial fans of the Mollichignick Member, composed of muddy,
brown-red pebbly sandstones, are mostly the products of sheet-flood
(Bull, 1972; Heward, 1978b) in a semiarid climate. The fan sequence
in the Overfall Brook Member, however, is composed of well washed
arkoses which were deposited by braided streams, suggesting increased
precipitation in the source area. Abundance of caliche units within
the Mollichignick fan deposits, but their absence in the Overfall
Brook fans, supports moderation of climate from semiarid to more humid

at this time.

The marginal alluvial fans built basinward over axial floodplain
deposits; this 1is c¢clearly seen 1in the +type section of the
Mollichignick Member. The alluvial fans influenced paleoflow for much
of the succession as sediment was dispersed northwestward from the fan
slopes out onto the flood plain by sheet wash and braided streams (cf.
Blissenbach, 1954; Hooke, 1967). Periodically, coarse pebbly detritus
(lithofacies E) prograded out over the finer alluvium, possibly in
response to tectonic uplift (cf. Steel and Wilson, 1975; Steel et al.,
1977, Steel and Aasheim, 1978). Alternatively periods of very intense
Ssource area precipitation and flooding (cf. Baker, 1977; Heward,

1978a) could have led to fan channel entrenchment and deposition. Fan
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channels (cf. Bull 1972; Heward, 1978a) were entrenched, and coarse
debris was then funnelled as secondary fan lobes out over the toe of
the fan and adjacent alluvial plain. Flash floods on the fan itself
reworked sediment previously deposited. Such floods caused sheetwash
and turned normally shallow ephemeral streams into sediment-laden
floods which deposited the fine sand and mud rapidly from suspension

as thin, sheet-like deposits (cf. Hardie et al., 1978) as the streams

spread out onto the flood plain.

Besides the coarse and fine products of sheetwash that built up
the flood plain in the lower 1,000 m of the member, the flood plain
was also periodically traversed by large rivers which deposited thick
sandstones and overbank sandstones and siltstones. Lacustrine
deposits were also an important element of the floodplain. Shallow
lakes were sites of bituminuous mud and carbonate deposition with a
locally abundant aquatic fauna and flora. Laminated and rippled,
micaceous, beach sands and fine, micaceous, carbonaceous delta sands
were deposited along the lake shorelines where shallow streams entered
the lakes. Marsh flats formed in sheltered quiet areas between deltas
and became the sites of paludal mud and carbonate deposition and
diagenesis. The thickness of the lake deposits (up to 50 m thick)

Suggests that the lakes existed for long periods and were of quite

large dimensions.

The lacustrine deposits are most common in the lower 1,000 m of
the member where they lie together with red floodplain silts ones at

the bvase of coarsening-upward megasequences, tens to hundreds of
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continued on a generally stable flood plain (Figure 35C). Thick
channel sandstones, probably, deposits of low and high sinuosity
meandering rivers, crossed the alluvial ©plain. They flowed
southwestward (Figure 32C). Although many of sandstone sequences fine
upward, some have coarse grained beds at the top of sandstone
sequences similar to modern, coarse grained, meandering river deposits
(McGowen and Garner, 1970; Jackson, 1975, 1976). Bankfull thickness
of channel sandstones of 5 to 6 m gives maximum channel widths of
approximately 60 m (Leeder, 1973) and meander belt widths of about 600
m (Collinson, 1978Db). Lenticular and sheet-like crevasse splay
sandstones (lithofaries B and C) and sandstone deposits of Bijou

Creek-type (McKee et al., 1967; Miall, 1978) built up the flood plain.

The presence of thick beds of o0ld age and siliceous caliches
(Reeves, 1970) occur in overbank deposits associated with these
channel sandstones. This indicates that sediment failed to reach

interfluvial areas of the flood plain for long periods (Allen, 19Tk

Leeder, 1975).

Basin instability increased during deposition of the final 280
m of the Mollichignick Member when sheetflood sands and coarse sandy
and gravelly braided streams again carried coarse detritus
northwestward into the basin. These deposits formed p~~t of a final,
upward-coarsening megasequence that culminated in the outbuilding from

the paleo-Long Range highlands, of a major, humid, alluvial fan, the

Overfall Brook Member.
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Appraisal of the succession in the two members would suggest that
two distinct, overall coarsening-upward, basin-fill sequences
approximately 1000 m thick infilled the basin. The lower basin-fill
sequence was built of a coarsening—upward megasequence that suggests
several episodes of source uplift and rapid basinward progradation of
alluvial fans into and over lakes on the basin floors. The second
basin-fill sequence began with quiet tectonic conditions in the source
area which allowed fine sediments to be laid down in a low-lying
alluvial and coastal plain. Marginal alluvial fans were generally
inactive, pedogenic profiles formed and marine flooding was able to
occur. Renewed tectonic activity plus increased precipitation in the
mountain source area to the southeast initiated a final phase of
alluvial fan outbuilding. This formed a final upward-coarsening

sequence that culminated in the well-washed arkoses of the Overfall

Brook Member.

Woody Cape Formation

Definition and distribution

The Woody Cape Formation is the name given by Knight (1983) for a
succession of green and gray colored mudstones, siltstones and
sandstones that outcrop only along coastal exposures from Woodville to
Capelin Cove in the Codroy lowlands. The formation 1is named after
Woody Cape and includes strata previously assigned to the Woody Cove
beds and Woody Head beds of Bell (1948). These divisions were based

upon the presence of thick sandstones and the absence of carbonates in
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first consists generally of ungraded sandstones. They begin with a
basal scour and mudclast lag which are overlain by planar strati-
fication with parting lineations and in turn by flat bedding formed of
ripple cross-lamination; channels up to 1 m deep filled by large,

trough crossbeds downcut into the top of some units.

The second type, in contrast, begins with 20-70 cm lenticular,
scour based beds of sandstone and mudstone that are in turn overlain
by sandstones. Whereas the lenticular mudstones, apart from some coal
lenses , are mostly structureless, the sandstone lenses display flat to
undulose parallel lamination with parting lineations, cross-lamination
and rib-and-furrow structures. Large scale trough crossbedding, ripple
cross—~lamination and some planar lamination characterize the

sandstones above the lenticular deposits.

Thick multistory, fining-upward sandstones (Figure 37, Section C)
form a third type of deposit which occurs higher in the formation.
These consist of large scale trough crossbeds together with planar
stratification and lamination. Lenses and layers of intraformational
conglomerate composed of mudclasts and plant debris lie within troughs
and along scours at the base of the members. Crossbeds dominate most
deposits, and only towards the top of the sandstones does planar
stratification with parting lineations and cross-lamination take over.
These top beds may be at least 4 m thick. They are commonly rich in
mica and fine plant fossil material and include rib-and-furrow
structure (Harms, 1975) and climbing ripple-drift of types A and B

(Jopling and Walker, 1968). Soft-sediment deformation is also common
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Because of the steeply inclined to overturned nature of the
succession and lack of bedding plane exposures, paleocurrent direction
could be measured accurately only on small scale, ripple cross-
lamination and some parting Ilineations. The distribution of the
cross-lamination is polymodal with a strong south-southeast vector
which parallels the trend of parting lineations. Some crossbeds from
thick, lithofacies F sandstones also gave a south-southeast direction.
Nonetheless, some northward directed ripple-lamination and crossbeds
occur above or at the top of coarsening upward sequences 1in Dbeds

directly above those with southward directed paleocurrents.

The extent to which directions have been reoriented by block
faulting and deformation is not known but caution should be taken in

interpretation.

Paleontology, age and correlation of the Woody Cape Formation

Several units of limestone and shale have yielded an abundant
fauna in the Woody Cape Formation in Capelin Cove. Fossils are also
reported from the type section by Hayes and Johnson (1938), Bell
(1948) and, more recently, by McGlynn (personal communication, 1979).
McGlynn identified several fossiliferous bands with a diverse
brachiopod, bivalve and gastropod fauna (Table 9). Layers rich in
small bivalves but lacking other fossils also occur in the fossili-
ferous shale sections. Ostracods and fish scales were noted in some

carbonate beds.

The fauna is both marine and nonmarine. Bell (1948) describes a
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Scotia (von Bitter and Plint-Geberl, 1982). Miospore assemblages did
not yield definitive forms to differentiate a lower or upper Windsor

age (Utting, personal communications, 1978).

Depositional environment of the Woody Cape Formation

A deltaic environment for the Woody Cape Formation is indicated
by: (1) the overall drab-colored strata (cf. Sutton et al., 1970;
Walker and Harms, 1971; Flores, 1972; Mazzullo; 1973; McBride et al.,
1975), (2) the paucity of redbeds, (3) the presence of marine strata
at the base of and intermittently through the succession and (4) the
importance of wvariable scale, coarsening upward sequences built up
particularly of interbedded mudstones and sheeted siltstones and
sandstones and, 1in some 1instances, marine shales (see also Bell,
1948 ). The importance of subaerial features, the scarcity of marine
units and the presence of channel sandstones in the upper 400 m
implies that much of the formation was deposited however in the
subaerial portion of the deltas following an early phase of deposition

that included both marine and nonmarine sedimentation (see Figure 35).

Elucidation of the depositional history of the formation is based
on only two correlatable sections (Figure 36) which occur north and
south of Woody Cape. Basal marine beds 1indicate a widespread, late
Windsor marine incursion (Bell, 1948) flooded the southwest corner of
the subbasin. Fossil and limestone-bearing shales were laid down over
mudcracked and halite-bearing gray mudstones that were deposited upon
the lower delta plain. A diverse fauna in the shales suggests near

normal salinities and depths sufficient to allow quiet suspension
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No comparable coarsening upward sequences occur in the Capelin
Cove section. Here, rather, the basal marine fossiliferous shales pass
up into nonfossiliferous or sparsely fossiliferous shales with some
coarsening upwards beds of mudstone and silt/sandstone. Overall the
succession appears to document the gradual infill of a quiet
interdistributary bay by mud and periodically by short-lived, sandy
crevasse splays. Faunal changes upward in the shale section from a
diverse marine to a small size, restricted fauna probably indicates
that the bay was initially affected by the influence of open marine
waters. With time however 1t became closed and brackish as it silted
up or was closed off by delta or sand bar construction. In due time,
muds of the shallow bays aggraded to and above sea level to become
part of the delta plain. The evidence for the delta plain is present
in the upper part of both sections through the Woody Cape Formation.
Nevertheless, limited marine fossil-bearing beds suggest that a salt
water influence did lie in close proximity to the delta plain in the
upper part of the formation. The delta plain was crossed by
distributary channels. These channels separated a wvariety of
environments in the plain including a complex of shallow bays,
brackish and freshwater lagoons, lakes, ponds and marshes (Horne et
al., 1978). Immediately adjacent to channels, levees were developed

and, higher on the delta plain, floodplain deposits were important.

In the complex of shallow bays, lakes and on parts of the outer
delta plain, overbank flooding and crevassing from adjacent channels
deposited laminated mudstone (lithofacies C) and coarsening upward

sequences (Elliott, 1974b) of lithofacies D and E. The sequences
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compare to deposits of delta plain lakes in the Ehone delta (Oomkens,
1970) and to Tournaisian fluvio-deltaic strata of the Lower Border
Group, Northern England (Leeder, 197Th). The sheltered pools and lakes
of the delta plain were, in some instances, gradually desiccated with
salt crystals precipitated as the waters became hypersaline. Black
shales with lumpy carbonates, thin stromatolites and some salt crystal
beds were also deposited in shallow pools and marsh flats similar to
those observed on modern and ancient deltas (Kanes, 1970; Leeder,
197hk). Structureless mudstones as well as fining-upward sequences of
sheet-sands and muds were laid down on the delta plain as floodwater
overflowed channels and breached levees to form crevasse splays.
Where the delta plain became elevated and drainage improved, oxidation

of the mudstones and crevasse splay sands produced the minor redbeds

of the formation.

Distributary channels that crossed the delta plain were probably
of varying sizes depending upon their position on the delta.
Multistory, fining-upward, channel sandstone deposits found in the
upper half of the Woody Cape Formation suggest the presence of large,
stable channels on the inner delta plain. The channels were flanked by
prominent levees and were filled by thick, fine grained, micaceous,
Cross-laminated and convoluted sandstones when eventually abandoned.
In sections below and between the thick multistory channel deposits,
the channel sandstones are thinner and were 1locally subject to
sporadic, ephemeral flow. A decrease in channel size may reflect
subdivision of the main channel into several distributaries (McBride

et al., 1975) by crevassing or avulsion on the delta plain.
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the fine siliciclastics.

Robinsons River Formation

Lower Jeffreys Village Member
Sandstones below the Fischells limestone consist of poorly sorted

to well sorted (Beard and Weyl, 1973), very fine to fine sandstones
composed of angular to well rounded sand grains. Matrix is virtually
absent and the sands were cemented by carbonate which etched grains;

silica overgrowths of both gquartz and K-feldspar grains are also

comnon .«

The sandstones are compositionally arkoses, typified by tabular
to angular feldspars which include fresh microcline and fresh to
altered microcline-perthite, perthite, plagioclase and orthoclase.
Perthites include fine string and stringlet types as well as patchy
replacement and interpenetrating types (Alling, 1938). Iron oxides
cloud some orthoclases, and sericite and rarely epidote alteration had

affected many plagioclase grains before erosion and deposition in the

sandstones .

Muscovite, green biotite, and some felted chlorite grains are
rare as are rock fragments. The latter, however, do include quartz-
pPlagioclase plutonic grains, mafic volcanics composed of plagioclase
microlites set in magnetite speckled chloritic matrix, and spherulitic
and cherty silicic volcanic grains. Phyllites, quartz-muscovite

schists and apparently undeformed siltstones are also present.
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Quartz grains are mostly vacuole-bearing, 'common' quartz with
slight to moderate undulose extinction. Composite quartz is rare; some
quartz grains are both unstrained and clear with embayed boundaries

suggesting volcanic quartz.

Zircon, tourmaline, garnet, epidote and magnetite compose the

detrital heavy minerals.

Upper Jeffreys Village Member and Highlands Member
Very fine to fine grained red sandstones above the Fischells

limestone of the Upper Jeffrey's Village Member generally show less
variety than sandstones below the limestone although quartz, feldspars
and phyllosilicates are the same. The red sandstones are, however,
virtually devoid of 1lithic grains or detrital heavy minerals; only

unaltered feldspars occure.

The detrital suite of coarse red sandstones collected from the
Fischells Brook and Flat Bay area is, however, essentially the same as
that of sandstones below the Fischells limestone. Feldspars are mostly
unaltered although orthoclase may be cloudy due to disseminated iron
oxides . Rod perthites and perthitic microclines are common. Volcanic
and low grade metamorphic lithic fragments occur and include chloritic
mafic volcanic grains, spherulitic and cherty felsic volcanic grains

and quartz sericite and sericite-chlorite phyllites.

The quartz mode which includes some composite grains is mostly of

"common" quartz of plutonic and vein origin; clear, unstrained quartz
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grains which retain prismatic crystal shapes and embayments typical of

volcanic quartz phenocrysts also occur.

Some laminated sandstones associated with marine carbonates
contain a diverse heavy mineral assemblage. This includes =zircon,
tourmaline, garnet, spinel(?), epidote, sphene, inclusion-rich
staurolite and possibly red translucent rutile. Opagque grains include

magnetite, leucoxene and a few grains of chromite.

Red sandstones of the Highlands Member type section although
coarser grained and moderately well sorted, show little compositional
variation from those of the Jeffrey's Village Member. Predominance of
K-feldspar over plagioclase, the general lack of composite quartz and
of volcanic and plutonic rock fragments but the continued presence of
phyllites and quartz-sericite schists is characteristic. Antigorite

rock fragments are also present.

Red sandstones examined from the St. Teresa drill hole and
believed to have been deposited in a northeast +trending trough,
northwest of the Flat Bay anticline, contrast to the sandstones of the
Highlands Member type section. They are typically poorly sorted and
contain rock fragments, many of which are of plutonic and metamorphic
origin. They include phyllites, quartz-muscovite, quartz-muscovite-
epidote, and quartz-sericite-fibrolite schists. Grains of quartz and
prismatic epidote of possible vein origin, and sheared and foliated
plutonic rock fragments also occur. Grains of the latter include

undeformed plagioclase porphyroclasts. Other plutonic rock fragments
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include quartz-microcline granites and unstained and iron-stained

serpentinite grains.

Perthitic microclines, microclines, fresh and iron-rich
orthoclase and plagioclase enclosing sericite and epidote alteration
are common. Quartz grains include slightly to highly strained quartz
and some stretched metamorphic quartz also occurs. Large flakes of

muscovite and brown biotite and scattered splintery grains of epidote

complete the detrital suite.

Brow Pond lentil
Fresh to altered feldspars, plutonic and some metamorphic rock

fragments characterize the gritty and coarse grained arkosic
sandstones of the Brow Pond lentil. The siliciclastics are mostly free
of matrix and cements so that the rock is characterized by good
interlocking grain contacts. Red to brown iron oxides coat grain

boundaries.

The feldspathic mode of the arkoses consists of fresh microclines
and perthites and cloudy iron-rich orthoclases. Plagioclase 1is fresh
Oor contains variable amounts of sericite alteration. Plagioclase 1is
particularly common in one thin section. Here the grains display
coarse to fine albite twinning that allowed determination of an
andesine composition for the feldspars. Perthites include string
mesoperthites resembling those of Acadian granites of the Lloyds River
intrusive suite (Kean, personal communication, 1981). Acid plutonic
rock fragments include plagioclase - K-feldspar with myrmekitic

qQuartz, microcline enclosing quartz and twinned plagioclase
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Branch are supplemented with detritus not seen in 12 thin sections
examined from the Overfall Brook Member. In particular, the sandstones
contain abundant zoisite, garnets rich in inclusions, grains of
fibrolite-muscovite schist and large plagioclases in which there is

much sericite and epidote alteration.

Woody Cape Formation

The subarkosic and less commonly arkosic sandstones of the Woody
Cape Formation are compositionally very similar to the sandstones of
the Mollichignick Member with which they are laterally equivalent. The
sandstones are either argillaceous or calcareous, very fine to medium

grained arenites composed mostly of angular to subrounded sand grains.

Briefly summarized, abundance of highly strained '"common'" quartz,
of stretched and mylonitic metamorphic quartz, dominance of
metamorphic rock fragments of low metamorphic grade, abundance of
green biotites and muscovite and importance of fresh microclines and
cloudy orthoclase feldspar is similar to the Mollichignick sandstones.
Graphic intergrowth of quartz and feldspar was noted but no composite
quartz of plutonic origin and plutonic rock fragments were observed
presumably reflecting the generally fine grain size of the sandstone
(Blatt and Christie, 1963; Connelly, 1965; Cleary and Connelly, 1971).
Heavy minerals include only chips of the ultra-stable minerals zircon,

tourmaline and rare garnet

Interpretation of the Petrography of the Codroy Group
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bearing sillimanite, zoisite and inclusion-rich garnets.

The arkosic detritus of the Overfall Brook Member implies the
erosion of a dominantly granitic terrain with some silicic volcanic
rocks. Recent mapping of the Long Range Mountains (Chorlton and
Dingwell, 1981; Brown, 1976), however, indicates that these rock types
are not found immediately adjacent to the Long Range fault but some
10-15 km farther southeast. This source terrain supports the earlier
conclusions drawn from sedimentary facies 1in the Robinsons River
Formation that the basin-mountain contact in late Codroy times did not
coincide with the ILong Range fault at least in the area of the Codroy

lowlands.

The close proximity of the Codroy Group fan sequences to their
source rocks in both the Codroy and St. George's Bay lowlands
Precludes substantial lateral displacements during or since the

deposition of the Robinsons River Formation.

Age and Correlative Deposits of the Codroy Group

The Codroy Group 1is Late Mississippian in age and 1is correlated
with the Windsor Group of Nova Scotia (Hayes and Johnson, 1938; Bell,
1948; Baird and Cote, 1964) with which it has close stratigraphic and

lithological similarities (Table 10).

Both shelly and coral faunas (Bell, 1929), conodonts (Globensky,
1967; Baxter and von Bitter, 1979) and miospores (Utting, 1978, 1980)

suggest that the Windsor Group is equivalent to the middle to late
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Visean of EBurope. Mamet (1970) studying the foraminif a of the
Carboniferous of the Maritimes suggested that the Windsc Group was
deposited in the late Visean and earliest Namurian, a possibility also
hinted at by Globensky (1967). Other workers, e.g. Ber 'n (1974),
suggested that middle and perhaps early Visean is represe .ed by the
thick basal evaporites of the Windsor Group. Neves and 21t (1970)

using miospores indicate that the base of the overlying Canso Group in

Nova Scotia is late Viseane.

Paleogeography and Tectonic Setting of the Codroy Group

The geologic history of the Codroy Group records comt 1ed marine
and nonmarine sedimentation in the subbasin. In its gene .1 history,
it compares broadly to that of the Windsor Group in t : Maritime
provinces (see Table 10). The Codroy Group commenced with the estab-
lishment and maintenance of widespread marine transgression. This
dominated depositional environments for at least the bas: 1000 m of
the group leading to the formation firstly of limestone, and then
limestone, evaporites and marine siliciclastics within Windsor
subzones A and B. Increasingly, however, nonmmarine redbed , gradually
overwhelmed the shallow margins of the Windsor Sea (Bell, 1929, 19L8)
and formed the remaining 3000 to 3500 m of the group (upr -~ subzone B
to subzone E). Some marine incursions produced isolated irine units
stratigraphically high in the Codroy Group suggesting that the marine
environment was never far away. This is most obviously expressed by
the Woody Cape Formation and Mollichignick Member in the mthwest of
the basin. The late Windsor marine incursions (subzone D and E) were

quickly buried beneath renewed fluvial sedimentation that filled the
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subbasin.

The initial shallow marine transgression which lead to the
widespread deposition of basal limestones of the Shi Cove Formation
flooded the subbasin from south of the Port au Port ridge to Codroy,
apparently overstepping the confines of the older Anguille subbasin.
Although contacts appear generally conformable, regio il Maritime and
global stratigraphic evidence has suggested to Geldsetzer (1978) that
a long-lived hiatus of several million years separated the Codroy-
Windsor Groups from the underlying Anguille-Horton rocks. This is
perhaps reflected in the marked lithification of the Anguille Group
when compared to friable Codroy strata. There 1is, nevertheless,
little physical evidence that a major disconformity developed at this
contact in the Bay St. George subbasin and a gradational contact on

Codroy Island provides support for a conformable, time stratigraphic

sequence .

The marine flooding was apparently shallow and g 1tle, advancing
from north to south. The strikingly consistent ©Ship Cove Formation
was deposited mostly on a quiet, low-lying, intertidal algal flaf.
Its landward margin lay to the south, whilst algal m : flourished in
shallow subtidal waters in the north. In the Fischells Brook area, a
thicker marine sequence suggests marine conditions had already been

established there before the sea transgressed southwards.

Evaporites became important as the marine envir ment continued

during deposition of the Codroy Road Formation (subzc es A and lower
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subzone B). Basin analysis has shown that an elongate arm of the sea
became the site of dominantly fine siliciclastic deposition and that
this seaway was established between what 1is now ©Ship Cove and
Fischells Brook. It was flanked to the north by a long-lived
evaporitic sabkha, whilst a low-lying, coastal alluvial plain occurred
to the south. The plain was periodically inundated by the Windsor sea
so that grey shales, siltstones, limestones and sulfates were
intercalated with nommarine redbeds. The limestones were locally rich
in marine faunas and locally formed biohermal brachiopod and bryozoan
build-ups. It seems that normal marine waters reached the subbasin
and marine conditions were maintained for sufficient time to allow
firstly biohermal construction by a mature fauna and later marine
lithification. Thicker bioherms grew in maximum water depths of 10 -
35 m and rose above the sea floor as suggested by rapid lateral
thinning. Gradually increasing hypersalinity killed the organic
builders of the bioherms. It also led to the deposition of subaqueous
gypsum in shallow marine and nonmmarine lagoons, and displacive gypsum
in the carbonate and siliciclastic sabkhas. Fine red beds prograded
over the marine evaporites in the south as regression reached its
max imum development. At present, it is not clear whether salt was
precipitated within this initial phase of evaporite accumulation along
with gypsum. The thickness and purity of the Fischells Brook deposit
contrasts to the bedded, impure nature of the salts of the Robinsons
River and St. Fintan's deposits. This suggests that the Fischells
Brook deposit might have accumulated east of the Flat Bay '"divide"
partly or entirely at the same time that the Codroy Road sabkha

evaporites were being laid down on the flanks of the high.
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The overall environment of +the rocks above the Codroy Road
Formation became 1increasingly saline. Salt accumulated 1in several
subsiding depressions (sinks) that were separated by positive divides
or arches in the north of the subbasin. To the south, redbed sediment-
ation was possibly maintained, although gravity lows near St. Andrew's
(Hooker Chemical Corporation, 1971) suggest that a salt basin also
occurred in the extreme southeast of the subbasin. The sinks had
restricted connections to an arm of the Windsor sea, itself the site
of salt deposition in an area now under St. George's Bay. Surrounding
the salinas (Figure 39a) lay evaporitic mudflats spotted with
hypersaline pools and muddy to sandy alluvial fans. At least one
major river discharged into the northeast end of the subbasin, feeding
at different times one sink or another as its channel switched
direction during severe floods. The once shallow salinas deepened as
marine or river flooding occurred and bird's-foot deltas built out
into the shallow seas. An unconformity within the Brow Pond lentil in
the northeast of the subbasin possibly correlates with this period of

salt deposition.

The marine depositional environment gradually returned to near
normal salinities 1in the middle of the Jeffrey's Village Member
allowing the deposition of several thin limestone units set between
thick, red, sandy alluvial sequences (upper part of subzone B). The
succession records a transition in the subbasin as nonmarine
terrigenous rocks gradually asserted dominion. Transgression produced

shallow seas which were filled by carbonates deposited in algal banks



-358-
and flats, oolite shoals and beachs, open and restricted lagoons, and
an open shelf enviromment. The seas hosted a diverse to restricted
fauna . Marine transgression probably originated from the north or
west and included both short- and long-lived events. Marine sequences
shoaled upwards and regression followed; redbeds buried the margins of
the sea. The regressive terrigenous rocks include fine to coarse red
alluvium deposited in coastal playa flats, flood plains, and in
ephemeral, braided and less commonly meandering river channels. Pebbly
alluvial fans formed near basin margins. Paleoflow was dominantly
westward and northwestward from a southeastern mountain source across

a narrow alluvial plain to the shallow seas.

Above the Heatherton 1limestone, a thick sequence of fine red
terrigenous sediments was deposited. Red siltstone and shaly siltstone
were deposited on a distal alluvial plain and in coastal playa flats.
The redbeds then coarsened gradually upwards suggesting uplift of the
source areas. Fluvial depositional enviromments evolved from a distal
flood plain supplied mostly by ephemeral streams and some
geographically restricted meandering rivers (upper Jeffrey's Village
Member) upwards into a flood plain drained by large meandering rivers
flowing along the basin axis in the Highlands Member (uppermost
subzone B into lower subzone C). Alluvial fans were still, however,
important along the southeast margin of the subbasin during deposition

of the Highlands Member.

Restricted and widespread shallow seas flooded the alluvial plain

at two intervals near the top of the Jeffrey's Village Member and on
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two occasions in the Highlands Member. In the Jeffrey's Village
Member, these marine bands were immediately overlain by coarse
fluviatile sediments. Particularly active fluvial sedimentation
occurred in a fault-bounded, northeasterly trending trough northwest

of ¥lat Bay during Highlands Member time .

Nonmarine sedimentation was maintained for much of the remaining
Codroy Group, (Windsor subzones C to E ). Unfortunately the record is
now found only in the Codroy area, close to the southeast margin of
the basin. Marginal alluvial fans fringed by sandy and silty flood
plains flanked lacustrine basins in the earliest stages of the

deposition of the Mollichignick Member (Figure 35A).

A stable flood plain, however, developed in the middle of the
member and coincided with renewed late advance of the Windsor Sea into
the southwest of the subbasin (Figure 35B). Drab colored, offshore,
delta front and dominantly delta plain siliciclastic deposits were
laid down in the Woody Cape Formation in the southwest. Further north
fine redbeds of laterally equivalent Mollichignick Member strata
suggest that a low, flat-lying flood plain (Figure LOB) was flooded on
three occasions by the late Windsor sea. Nonmarine conditions
regained prominance as uplift of the source area produced an upward
coarsening megasequence in the upper beds of the Mollichignick and the
overlying Overfall Brook Members. Alluvial fans again actively
bPrograded into the subbasin and coarse sandy detritus reached the

flood plain in braided streams and by sheetwash.



-360-

Source of detritus supplied to the subbasin during the Codroy
Group came from highlands that lay mostly to the southeast of the Long
Range fault but also at intervals from the southern end of the Humber
Arm allochthon highlands. Most streams were probably steep-gradient,
short-headed types. Fine sandy, deltaic facies associated with the
evaporitic sequences of the Jeffrey's Village Member and the basal
Ship Cove Formation probably indicate that some larger perennial(?)
rivers also existed in +tuc northeast of the area. They possibly
originated deeper within mountains of central Newfoundland and hence

survived during the most arid period in the history of the subbasin.

Climate affecting the subbasin during the evolution of the Codroy
Group was mostly semiarid becoming arid during deposition of the
evaporites, particularly the salt. Mature and old age caliches in
some nonmarine sequences, calcretes in marine carbonates, redbeds with
iron pigment forming early after deposition (van Houten, 1973,
Mc Pherson, 1980) and the presence of minor evaporites in redbeds
confirm that the climate remained semiarid for deposition of most of
the group. Nonetheless, higher precipitation in mountain source areas
is indicated by: (1) the presence of large perennial rivers and lakes,
(2) the 1large quantities of terrigenous material deposited in the
subbasin and (3) the high sedimentation rates for sections which have
only minor caliche development. Lack of caliche together with
well washed sands and braided stream structure in the youngest
deposits of the Overfall Brook Member imply that the climate became

increasingly humid near the end of Codroy history.
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The tectonic setting of the subbasin during the Codroy Group
influenced the deposition. The main axis of the subbasin during
deposition of the lower Codroy Group appears to have shifted
northwestward from the axial locus of the Anguille Group to now lay
beneath St . George's Bay. This may be partly reflected by present day
outcrop patterns. It is, however, supported by the available
thickness data, facies distribution data and geophysical surveys. The
Codroy depositional axis apparently coincided with a persistent
northeast trending arm of the Windsor sea. Sediments at least 5000 m
thick were 1laid down 1in this trough. Active northeast trending
faults generally influenced the distribution of sediments. Positive
areas separated this main basin from other smaller depositories during
deposition of the Robinsons River Formation (Figure 33). An important
trough lay east and southeast of the Flat Bay 'divide' in the lower
Robinsons River Formation and probably also 1in the Codroy Road

Formation.

The 2700+ m of upper Codroy strata in the Codroy Lowlands also
suggests that a trough formed southeast of the 'Anguille Mountain

high' during deposition of the Mollichignick Member.

The overall width of the active Bay St. George subbasin expanded
from 30 km in the Anguille Group to at least U5 to 60 km in the Codroy
Group . Its shape, however, was no longer a simple linear basin but
had a complex configuration of highs and lows (Figure 33). Presence
of much thicker successions in different areas of the subbasin and at

separate stratigraphic intervals, e.g. saline sinks at base of the
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Jeffrey's Village Member and the pebbly sandstone-filled trough north-
west of Flat Bay 1in the Highlands Member, suggests that fault
movements initiated subsidence in separate areas of the subbasin at

different times.

The southeastern margin of the subbasin lay along or Jjust
southeast of the Long Range fault. Alluvial fans and lithoclasts
derived from the metamorphic and crystalline rocks to the southeast
testify that the fault was repeatedly active throughout the subbasin's
history. In particular, pebbles of silicic volcanic rocks resembling
Silurian-Devonian volcanic rocks of central Newfoundland are present
in sedimentary rocks as far south as the Codroy Valley. This implies
that the Topsails Igneous Complex, the Lloyds River intrusive suite
and the Windsor Point Group formed part of the upland terrains

adjacent to this part of the subbasin.

Allocyclical control governed by the regional tectonic setting
was probably the main factor influencing both nonmarine and marine
sedimentation. The coarsening upward basin-fill sequence in the upper
Jeffrey's Village and Highlands Members and the many coarsening upward
sequences and megasequences that formed the two basin-fill sequences
of the Mollichignick and Overfall Brook Members confirm uplift of
source areas as a decisive factor in sedimentation. Nevertheless,
fining-upward megasequences also occur and thick intervals of fine
distal alluvium suggest long periods of basin stability when source
areas presumably receded. Uplift may also have affected the climate

of the source areas allowing greater precipitation. In general,
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uplift was followed by renewed generation and progradation of coarse

alluvium into the subbasin.

Repeated cyclicity of marine and nonmarine beds in the Codroy Road
Formation and in the middle part of the Jeffrey's Village Member also
suggest an allocyclic, probable tectonic control for the repeated
transgressive~regressive stratigraphy of much of the group. In
particular, regressive coarse, pebbly sandstones deposited by braided
streams were laid down above transgressive marine units in the
Jeffrey's Village Member. This suggests basin subsidence coincided
with uplift of adjacent source areas and gave rise to transgression.
Subsidence was probably also the most important factor that allowed
flooding of saline sinks during deposition of the lower Jeffreys
Village Member. The arid climate of that period, however, perhaps
counteracted the effect of uplift around the basin preventing influx

of large quantities of detritus.

The broad similarity of the Windsor Group of Nova Scotia and the
Codroy Group of Newfoundland implies that the tectonic control of
sedimentation in the Bay St. George subbasin relates to a regionally
active phenomenon. For example, Geldsetzer (1978, 1979) has suggested
that the transgressions which flooded the Maritimes Basin reflect an
overall setting below global sea level during the Visean. However,
geological events occurring elsewhere within the global Hercynian
system may have been a significant factor controlling the cyclical
aspect of the succession. For example, several major transgressions

are known to have affected northern Europe at this time (Ramsbottom,
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1979). Eustatic sea level rise may have been an additional control of
cyclicity in the Maritimes Basin. Such sea level changes respond to
variations in volume of land ice, ocean basin capacity, growth of
oceanic ridges, sediment accumulation or dessication of isolated

basins (Pittman, 1978; Donovan and Jones, 1979).

The Windsor Group dominated by evaporites is generally assumed to
underlie much of the center of the Maritimes Basin (Geldsetzer, 1979
Howie, 1979; Howie and Barss, 1975 a and b) but at present little is
known about the full suite of rock types and facies there. It 1is
difficult to assess how the Windsor Sea 1in the Maritimes Basin
influenced marginal subbasins, such as the Bay St. George subbasin.
For instance, Geldsetzer (1978, 1979) envisaged a large, generally
land-locked basin drowned by marine flooding to a depth of hundreds of
metres to explain the evaporite sequence in the Maritimes Basin. He
did recognize, however, that the onland subbasins were probably
shallower and influenced more by their marginal setting. This 1is
certainly true of the Bay St. George subbasin where evaporites and
associated siliciclastic facies are clearly of shallow, near-shore to
shoreline origin . Fossil-bearing carbonates and bioherms associated
with sulfate evaporites and redbeds in the Codroy Road Formation and
shallow water to subaerial facies associated with salt sequences in
the lower Jeffrey's Village Member oppose a deep basin origin for the

evaporites of the Codroy Group as a whole.

Marine flooding from two distinctly separate sources each with its

own salinity may in part account for the alternating normal to
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hypersaline character of the marine strata in the group. Normal
seawater possibly entered the subbasin from a Variscan ocean that lay
east of Newfoundland (Jansa et al., 1978; Jansa and Mamet, 1979) along
a seaway which is postulated here to have formed around the tip and
along the west side of the Great Northern Peninsula. This northern
sea way is suggested by facies and faunal distribution in the Ship
Cove and Codroy Road Formations and carbonate units of the Jeffrey's
Village Member. It is also supported by the Carboniferous 1limestones
of the Port au Port Peninsula which were laid down close to a
shoreline after southward transgression of seawater into a paleo- Port
au Port bay (McArthur and Knight, 1974). The transgression flooded
into the Bay St. George subbasin around the western tip of the Port au
Port ridge. This northern passage helps account for the near normal
marine faunas of carbonates and biohermal buildups at the base of the
cycles in the Codroy Road Formatione. Formation of tidal flat to
shallow lagoonal gypsum then accumulated in response to local
conditions as regression occurred with the cycles completed by red-

beds (cf. Schenk, 1969).

The salt-precipitating phase of the Codroy Group that followed
quickly after the Codroy Road sulfate phase may be explained by
temporary cut-off of the northern seaway. Saline waters from the
Maritimes Basin were then fed from the west along the axis of the
subbasin. This spilled over into the sinks where salts were readily

precipitated with bittern salts accumulating as the phase continued.

The northern seaway was reopened again in t 3 middle part of the
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deposition of the Jeffrey's Village Member. The marine waters, fed
around the western tip of the Port au Port ridge, flooded the axial
zone of the subbasin spilling over into the last vestiges of the
saline sinks moderating their salinity. Each succeeding transgression
rapidly but quietly advanced over a generally low-lying alluvial plain

formed of the associated redbeds.

The final marine event of the Codroy Group involved the Woody Cape
Formation and some beds of the Mollichignick Member (subzone D and E).
The Windsor sea then flooded only the southwest of the subbasin,

presumably from the south.

Clearly then, at least two oceanic connections may have existed in
the history of the Windsor sea. Previously, most workers have
favoured a seaway to the south of Newfoundland and across Cape Breton
(Bell, 1929; Mamet, 1970; Geldsetzer, 1978), although Moore (1967) and
Schenk (1969) showed that transgressions advanced into the Minas and
Antigonish - Mabou subbasins of Nova Scotia from the north, i.e. from
the Maritimes Basin. Although this newly postulated northern seaway
had an important influence in the Bay ©St. George subbasin, the
similiarity of stratigraphy (Table 10) between Newfoundland and Nova

Scotia suggest that the subbasin was not isolated from the rest of the

Maritime area.

Preliminary provenance studies of the various rock units of the
Codroy Group suggest that there has been little or no relative lateral

displacement of the source terrains and the subbasin. This 1is most
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clearly shown in the Codroy lowlands by the distinct detrital suites
in the Mollichignick and Overfall Brook alluvial fan sequences of late
Codroy age. Sandstones in the north of the subbasin that compose the
older members of the Robinsons River Formation also indicate that
source mountains lay in geologic terrains that presently surround the

north of the subbasin.

Wrench movements have been postulated to control sedimentation
during the Anguille Group when the basin appears to have evolved as a
pull-apart structure. The broadening of the basin width during the
Codroy Group, however, suggests simple pull-apart had ceased by the
time lower Codroy Group strata was deposited. Many faults that were
active wrenches during the deposition of the Anguille Group became
inactive and were buried beneath the Codroy cover. This happened to
the Snakes Bight fault and the fault that formed the northwestern and
northern margins of the Anguille pull-apart basin. The irregular
arrangement of actively subsiding troughs and uplifting archs suggest
that wrench movements, however, continued into the earliest
depositional phases of the Codroy Group. The fault that formed the
northwestern margin of the Anguille pull-apart basin is believed to
have straightened and extended northeastward toward the northwest
margin of the Steel Mountain anorthosite during the deposition of the
Codroy Group. This is supported by troughs filled by thick successions
of Codroy strata including evaporites beneath St. George's Bay and
northwest of Steel Mountain. The trough beneath St. George's Bay
developed south of the southern margin of the Humber Arm allochthon
highlands and suggests that the highlands must have shifted

northeastwards by the earliest stages of the Codroy Group (i.e. late
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Tournaisian or early Visean).

The thick sedimentary sequence of Codroy strata north of the
Anguille Mountains accumulated in a basin that subsided rapidly after
completion of the second pulse of Anguille Group basin pull-apart and

infill (Table 3). The thin succession of late Anguille strata
postulated to occur beneath the Codroy beds in this area means that
basin extension continued after the Anguille pulses of basin pull-
apart eased. Rapid subsidence followed during the deposition of the
Lower Codroy Group, which aided in producing the notably thick 2000+ M

section found in the north of the subbasin.

The detrital component of the rocks 1in the Codroy Group,
particularly those close to the Long Range fault, suggest that lateral
movements on the Long Range fault had stopped by Windsor subzones C to
E. Instead vertical uplift occurred upon the fault. Block faulting
probably dominated in the subbasin at this time along northeast
trending, high angle faults. For example, the steep faults bordering
the Indian Head Complex and the Steel Mountain anorthosite were
displaced northwest side downwards. Thick Codroy sequences close to
the faults together with unconformable relationships on the northwest
side of the troughs suggest that the faults produced half grabens. The
narrow trough of Mollichignick and Overfall Brook strata in the Codroy

lowlands may also have occupied a half graben.

In the Deer Lake Basin fluvial and lacustrine sediments infilled a

basin that widened northwestward outside the confines of a narrow,
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faulted depository full of Anguille strata. Here uplift of older
terrains also occurred, (Figure 16) as did the thickening of Codroy-
equivalent strata into and away from an unconformity along the
northwest margin of the basin. It seems that the Visean syn-
sedimentary tectonic framework of the Deer Iake and Bay St. George
subbasins are comparable. An extremely thick sequence of basal Deer
Lake Group strata near Glide Mountain suggested to Hyde (personal
communication, 1982) that some basin pull-apart occurred early in the
depositional history of this Windsor equivalent group. The timing of

this event matches that postulated for the Codroy Group (Table 3).
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CHAPTER 3

SUMMARY AND CONCLUSIONS

The Bay ©St. George subbasin 1s a Devonian-Carboniferous,
dominantly nonmarine successor basin the formation of which was
controlled by movements upon several northeasterly trending faults of
the Hercynian Cabot Fault system. Sedimentation spanned a time
interval of perhaps 45 to 60 million years starting in Late Devonian
(Famennian) and continuing through to Middle Pennsylvanian time
(Westphalian C). The basinfill includes the Anguille Group composed of
lacustrine, fluvial-deltaic and fluviatile strata overlain by the
Codroy Group dominated by fluviatile redbeds but including marine
siliciclastics, carbonates and evaporites.‘Fluvial and coal-bearing
strata of the Barachois Group were the last Carboniferous sediments to

accumulate in the subbasin (Knight, 1983).
The important conclusions are outlined below.

Creation and Early Evolution of the Bay St George Subbasin

The Bay ©St. George subbasin began as a 'pull-apart' basin
(Crowell, 197Tha and b) controlled by right-lateral strike-slip
faulting on the northeasterly trending Long Range and associated
faults. The subbasin probably formed where a bend or more probably a
splay fault developed off the Long Range fault southwest of the Steel
Mountain anorthosite. The splay fault trended almost due west along
the northern edge of the subbasin and then turned southwestwards to
form its northwestern margin. The southwestern margin probably

coincided with a north trending basement arch (Howie and Barss, 1975a)
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that lies offshore from Cape Anguille. The Long Range fault formed the

southeastern margin of the subbasin for most of its geologic history.
Basin pull-apart began probably as early as late Middle or early late
Devonian time and continued at least until early or middle Visean
time. During this time interval, the basin extended southwestwards a

distance of approximately 130 km.

Structural evolution of the subbasin during the d j»osition of the
Anguille Group and basal Codroy Groups: During the deposition of the
Anguille Group, the subbasin was a narrow northc sterly trending
graben, 30 km wide, lying between uplands located to the northwest
(the Humber Arm Allochthon highlands), the northeast (above and
northeast of the Steel Mountain anorthosite), and the southeast (the
rPaleo-Long Range highlands). This narrow subbasin was primarily
influenced by its border faults, but faults such as the Snakes Bight
fault within the subbasin were also active. Three thick basin-fill
sequences occur. The first of Famennian age (Kennels Brook Formation)
and the second of Tournaisian (to early Visean ?) age (Snakes Bight
through Spout Falls Formations) make up the Anguille Group. The third
is of middle Visean age and comprises the basal Coc oy Group. These
three sequences are arranged geographically within the subbasin from
southwest to northeast respectively, suggesting that the 1locus of
subsidence and sedimentation shifted northeastward : the pull-apart

basin evolved.

During +this basin extension, most detritus w 3 derived from

mountains situated northeast and southeast of +tt subbasin. The
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provenance areas are recognized as probably similar to those of the
Lower Paleozoic metamorphic and volcanic-plutonic terranes that now
lie northeast of the subbasin and east of the Long Range fault in
central Newfoundland. To the northwest, the Humber Arm Allochthon
highlands appear to have first provided detritus to the subbasin in
early Tournaisian time during the deposition of the younger formations

of the Anguille Group.

Distribution and relative ages of conglomerates in the Anguille
Group that were derived from the Humber Arm Allochthon highlands
suggest that the highlands originally lay 95 to 130 km southwest of
their present position. They were displaced northeastwards during the
deposition of the Anguille Group and occupied their present geographic
position during the early history of the Codroy Group. Movement
possibly averaged between 0.5 to 0.8 cm per year. During deposition of
upper Anguille -~ basal Codroy rocks, the highlands may have been
displaced as much as 60 km in as few as 5 million years, giving

average annual displacements of 1.2 cm.

During the deposition of the basal Codroy Group, irregular
distribution of small subsiding, evaporite-bearing troughs and of
positive arches is believed to reflect the response of the subbasin to

the last phases of active wrench movements.

Structural evolution of the subbasin during the deposition of the
rest of the Codroy Group: There is no direct evidence for wrench fault

movements during deposition of rocks younger in age than those of the
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basal Codroy Group. The stratigraphic record of the time interval

represented by post-basal-Codroy Group and also by the overlying
Barachois Group strata (Knight, 1983) indicates that the subbasin
broadened to include the region now beneath St. George's Bay, a width
of between L5 and 60 km. Beneath the bay, a 5-6 km thick sequence of
Codroy and Barachois Group sedimentary rocks suggests this part of the
subbasin became a major sediment depository as basement probably
subsided 1in the area. Subsidence occurred principally along
northeasterly trending faults that underlie the bay (Spector, 1969;

Golden Eagle Developments, 1975)

Detritus in alluvium of the Codroy Group and later Barachois Group
(Knight, 1983) suggests that the source lay principally in pre-
Carboniferous terranes directly southeast of the Iong Range fault in
the paleo-Long Range highlands. Pebble distribution in the group
indicates that ©Silurian-Devonian intrusive and volcanic rocks of
central DNewfoundland had a greater geographic distribution to the
southwest than they do at present. Minor detritus was shed from the
Humber Arm allochthon highlands locally into the northern end of the
subbasin during the deposition of the Codroy Group. Some detritus was
also derived from uplands composed principally of Fleur de Iys type
metamorphic rocks that lay to the northeast of the subbasin. In the
Codroy lowlands, upper Codroy Group sedimentary rocks are 4 km thick
adjacent to the long Range fault, which suggests that the subbasin was
influenced by block faulting and the vertical uplift of the paleo-Long
Range highlands. This uplift continued throughout the interval

represented by the Barachois Group (Knight, 1983).
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History of Sedimentation

Anguille Group: Sedimentation in the Anguille Group can be divided
into two phases. The early phase consisted of redbeds of the Kennels
Brook Formation that were deposited probably during Late Devonian
time. These redbeds may have been part of a broad molasse blanket that
had existed from Early Devonian time. Most 1likely, however, they

represent the first deposits to accumulate in the pull-apart basin.

The second phase of sedimentation is of Early Carboniferous age
(Hortonian). This phase records the formation and infill within the
subbasin of a relatively deep, meromictic or oligomictic lake that
formed under semiarid c¢limatic conditions. Lake-bottom muds,
lacustrine turbidites and large sandy deltas possibly associated with
sublacustrine fans filled the lake (Snakes Bight Formation). As the
lake was filled, it became shallow and was restricted to the southwest
end of the subbasin, and delta, fan-delta, shallow lake shore
environments and an extensive delta plain developed (Friars Cove
Formation). The rocks of this formation change northwards and upwards
into sandy redbeds of dominantly ephemeral and braided stream origin
(Spout Falls Formation). The Fischells conglomerate member of the
Spout Falls Formation was deposited locally in the northern part of
the subbasin as coarse gravel fans near the end of this phase of

Anguille Group sedimentation.

Codroy Group: Sedimentation in the Codroy Group began with marine
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transgression and deposition of limestones of the Ship Cove Formation.
The marked change from nommarine redbeds to marine carbonates at this
contact suggests that a hiatus separates the Anguille and Codroy
Groups. However, field relationships at the contact are ambiguous and
paleontological information 1lacking so that the hiatus cannot Dbe
confirmed. Deposition of the Ship Cove Formation was followed by
accumulation of marine carbonates and evaporites and of marine and
nonmarine siliciclastic rocks of the Codroy Road Formation and the
lower part of the Robinsons River Formation (Windsor subzone A and
lower part of subzone B). Nommarine sedimentation then gradually
gained in importance upwards through the group as the upper part of
the Robinsons River Formation and the Woody Cape Formation (upper

subzone B to subzone E of the Windsor Group) were deposited.

The limestones and shales of the Ship Cove Formation were
deposited on a quiet, intertidal, algal flat that extended northward
into a subtidal setting. The landward margin lay to the southeast.
The Codroy Road Formation formed in and near an elongate arm of the
Windsor Sea located in the vicinity of St. George's Bay. The subbasin
was flooded by near normal marine waters which yielded fossiliferous
limestones and biohermal buildups. Shoaling caused evaporitic
conditions to develop as regression proceeded. For example, gypsum was
deposited widely in a stable sabkha flat in the north and in shallow
lagoons and associated sabkhas in the south. Fine redbeds encroached
northwards across a coastal plain in the southeast of the subbasin.
Cyclicity of lithofacies suggests a number of transgressive -

regressive cycles occurred. No evidence of deep basinal evaporitic
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conditions has been observed. Salt may have accumulated east of the

Flat Bay 'divide' during deposition of the Codroy Road Formation.

The Robinsons River Formation is subdivided into four members and
one informally named unit, the Brow Pond lentil. The members comprise
a large variety of nommarine and marine lithofacies. The Jeffreys
Village Member consists of two sequences divided at the Fischells
limestone. The lower sequence (lower subzone B of the Windsor Group)
includes fine siliciclastics and some of the major salt deposits of
the subbasin, which are postulated to have accumulated in several
rapidly subsiding sinks. The salinas were shallow and surrounded by
evaporitic mudflats spotted with muddy hypersaline ponds and fine
muddy alluvial fans. Periodically, the salinas were flooded by

freshwater and at such times rivers deposited deltas of fine sand into

the salinas.

The upper sequence of the Jeffrey's Village Member probably formed
a sedimentary blanket of more uniform thickness that consists of red-
beds, marine carbonates and minor evaporites. Nonmarine environments
in the redbeds of +the upper part of the Jeffreys Village Member
included playa flats, alluvial flood plains, ephemeral, braided and
meandering streams, and coarse and muddy alluvial fans. Towards the
top of the member, it includes a major coarsening-upward sequence that
culminated in the deposition of the overlying Highlands Member (upper
part of Windsor subzone B and Windsor subzone C). The redbeds of the
Highlands Member were deposited by high-sinuosity rivers that flowed

west-southwestwards along the axis of the subbasin.
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Clean arkosic sandstones of the Brow Pond lentil were deposited as
a major alluvial fan that built out into the northeastern corner of
the subbasin. Other alluvial fans were present in the northern and
along the southeastern side of the subbasin during the deposition of

the upper Jeffrey's Village Member and the Highlands Member.

The marine deposits of the upper Jeffrey's Village Member occur
mostly towards the base of the sequence. They include carbonates with
some evaporites and siliciclastics that were deposited 1in shallow
lagoons, algal banks and flats, oolitic and sandy shoals and beaches,
and shallow shelf enviromments. The character of the carbonate units
changes upwards within the Jeffrey's Village Member so that units
displaying characteristics of open-marine shelf are superseded by
those dominated by algal banks, oolite shoals and, rarely, lagoonal
sulfate evaporites. Transgressions were slow and widespread, and both
short- and 1long-lived marine conditions occurred. Marine sequences
consist of shoaling-upward cycles and many of the marine carbonates
developed calcretes and other features of vadose freshwater
diagenesis. Dolomitization occurred in some units. The cyclic
carbonate-redbed sequences of the member are typical of transgression

and offlap sequences of the Windsor Group (Schenk, 1969) .

Seawater entered the subbasin from the north and southwest during
the deposition of the marine beds of the basal Codroy Group. The
Variscan Ocean, east of Newfoundland (Jansa et al., 1978; Jansa and

Mamet, 1979) is suggested here to have been connected to the subbasin
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by a seaway that 1likely lay along the western side of the Great

Northern Peninsula. Near-normal ocean waters flooded the subbasin
along this seaway. When the seaway was cut off, hypersaline waters

spilled into the subbasin from the larger Maritimes Basin, thus

leading to salt deposition.

The Mollichignick Member (Windsor subzone D and E?) consists of
two basin-fill sequences. The first is made up of lacustrine rocks,
sheetflood-dominated alluvium and muddy, pebbly, semiarid alluvial fan
deposits that are arranged in several coarsening-upwards mega-
sequences. The second consists of playa flat and flood plain and
meandering river channel deposits overlain by coarser braided stream

deposits. These facies were capped by a humid alluvial fan sequence,

the Overfall Brook Member.

The Windsor Sea flooded the southwestern part of the subbasin late
in the depositional history of the Codroy Group (Windsor subzones D
and E). Thin fluvially dominated deltas were deposited in the Woody
Cape Formation. Delta lithofacies 1include offshore mudstones and
siltstones, delta front sheet sandstones, delta channel sandstones and
several lithofacies typical of delta plain subenvironments. The
Windsor Sea also inundated the flood plain of the middle Mollichignick

Member on several occasions.

During deposition of the Codroy Group, the subbasin was fed
dominantly by short-headed, steep-gradient streams. However, evidence

from the lower Codroy Group, especially in the salt-bearing strata of
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the Jeffrey's Village Member, strongly suggests that larger perennial

rivers entered the subbasin in the northeast. Such rivers probably

originated far within central Newfoundland.

Two paleoflow regimes occurred in the subbasin during deposition
of the Codroy Group, and included northwestward paleoflow from basin
margin towards basin axis and southwestward paleoflow along the axis
of the subbasin. Arrangement of sedimentary depositional environments
from the margin to the axis of the subbasin in relation to the
northwestward paleoflow included (a) alluvial fan to sheetflood and
sandy braided stream to lake enviromments, (b) alluvial fan to braided
stream - ephemeral stream to distal flood plain or playa flat to
marine enviromments and (c) alluvial fan to playa flat to marine
environments. Lithofacies order associated with axial paleoflow was
mostly from alluvial fan to braided or low sinuosity streams to high

sinuosity streams to marine.

Climate during deposition of the Codroy Group was generally semi-
arid. More arid conditions during deposition of the lower Codroy Group
led to widespread precipitation of evaporites when 1influx of fine
terrigenous material was low. Caliche, 1locally well developed at
specific stratigraphic intervals such as the middle of the Jeffreys
Village Member, the middle of the Highlands Member and the middle of
the Mollichignick Member, support continuing semiarid climatic
conditions for much of +the time represented by the Codroy Group.
Increased precipitation is suggested by the absence of mature and old

age caliches in the youngest strata of the Codroy Group and by humid
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alluvial fan deposits of the Overfall Brook Member.

Variable calcrete (caliche) development suggests that sedimenta-
tion rates and tectonic stability in the subbasin varied greatly
during deposition of the Codroy Group. Coarsening-upward mega-
sequences and basin-fill sequences in nommarine strata and cyclicity
of marine and nonmarine beds also suggest tectonically controlled
sedimentation. This tectonic activity was sited primarily upon the
border faults of the subbasin, producing basin subsidence and source
uplift which continued during the deposition of the overlying

Barachois Group (Knight, 1983).
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D-6

of wavy laminated silt-
stone between conglomerate
and sandstones

Interbedded sandstone-—
siltstone and shale:
Beds, 10-20 cm, of planar
bedded, laminated coarse
siltstone or very fine
sandstone alternating
with 2-5 cm shale or
5-10 cm beds of inter-
laminated shale and
sandstones. Some beds
completely convoluted.

Sandstone: Thick bedded,
40 cm thick, internally
massive

Sandstone—siltstone—
dolomite—shale: Planar
thin bedded, 1-3 cm
thick, laminated very
fine sandsstones,

coarse siltstone or
dolomite beds with shale
laminae and thin shale
interbeds. Some 15-25 cm
graded, very fine sand-
stone to coarse silt-
stone; flute and load
casts on base; internally
structureless.

Sandstone: gray; fine to
medium grained, thick
bedded, 20-60 cm thick,
separated by 1-3 cm

black shales; planar

bases with flutes and
groove casts; internally
massive, some crossbedding.

Sandstone-siltstone and
shale: very fine sand-
stone and coarse silt-
stone beds, 15 cm thick
rusty weathering, planar
bedd=d, internally
laminated; alternating
with 20 cm beds of inter-—
calated thin bedded sand-
stone, siltstone and black

11.78

578.18

576.02

570.45

569.08

557.30
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16

15

14

13

12

11

D-11

shales; planar, fluted
bases; internally
structureless; separated
at three intervals by
46-139 cm beds of shale
with thin planar bedded
sandstones and laminated
siltstone

Covered interval: bedded
sandstone near top,
shale near base

Sand stone and shale;

gray sandstone, bedded,
15-40 cm separated by up
to 15 cm of shale; medium
coarse grading to fine
grained; mostly massive
but some beds in lower
sequence include

massive overlain by
lamination and cross
lamination. Two

sequences 16.98 and 20. 37
cm thick separated by

55 ecm of black shale

with 3 cm beds of
laminated sandstone

and shale

Cover ; possibly black shale

Black shale with thin,
laminated sandstones;
slunp folds and rolled
sandstone masses in shale

Sandstone: brown weathering
gray; highly deformed with
bedding destroyed

Black shale with ferruginous
dolomite and some sandstone
laminae, small sedimentary
faults and 1isoclinal slump
folds

Sandstone and shale; gray
sandstone; 30 cm thick inter-—
bedded with 5 cm black shales;
sandstone coarse grading to
fine grained; undulose

and deformed bases, shale

18.09
23.01
37.90
3.61
11.54
2.66
1.35

108. 14

190.05

167.04

129.14

125.53

113.99

111.33











































































