








































































































































































































































































































































































































































































































distribution, as defined by Woodcock (1977). The mean trend orientation is 180.4°
and the mean plunge is 0.6°.
Unit 3

Unit 3 is 0.29 m thick and consists of alternating beds of medium sand and
clast-supported gravel. Six horizontal and planar beds were recognized in the unit
and all the contacts are gradational. The sand beds are moderately sorted and
generally structureless, however there are occasional small clasts, approximately 5 cm
long, throughout the sand. The gravel beds are structureless and have a sandy matrix
similar to Unit 2.
Unit 4

Unit 4 is 0.15 m thick and is composed of moderately sorted, coarse sand.
Planar cross-bedding dominates the unit and the beds dip at an angle of 5° towards the
north. Although this unit is composed of finer sediment it has a similar structure to
Unit 2.
Unit §

Unit 5 is 0.07 m thick and is characterized by clast-supported structureless
gravel. The largest clast recovered from the unit has a long axis length of 12 cm,
and the matrix is composed of coarse sand with a light reddish brown colour when

weathered (Munsell: SYR 6/3).
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Unit 6

Unit 6 is 0.14 m thick and is composed of moderately sorted coarse sand with
occasional small pebbles throughout the unit. The unit is dominated by planar cross-
beds that dip at an angle of 22° towards the north. Some of the pebbles are
imbricated and dip at a similar angle, defining the cross-bedded structure. The
structures in this unit are similar to those described in Unit 2.
Unit 7

Unit 7 is 0.1 m thick and characterized by clast-supported gravel with a light
reddish brown sandy matrix, similar to that described in Unit 5. The clasts are
approximately 6 cm long, and although the unit is structureless, the clasts become
smaller towards the east.
Unit 8

Unit 8 is 0.05 m thick and is composed of moderately sorted coarse sand with
a few pebbles scattered through the unit. The unit is characterized by planar cross-
beds that dip at an angle of 22° towards the north. This unit is similar to Unit 2.
Unit 9

Unit 9 is 0.2 m thick and consists of clast-supported openwork gravel. The
pebbles are approximately 2 cm long. There is very little matrix in the unit and

therefore the pebbles are loose and easily fall from the section.
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Unit 10

Unit 10 is 0.3 m thick and is composed of moderately sorted trough cross-
bedded coarse sand. Throughout the unit there are a few small pebbles with long axis
lengths of approximately 5 cm. The base of the unit has a shallow trough shape, and
truncates the underlying unit. Individual beds within the unit conform to the basal
contact and the beds are defined by textural differences. The small pebbles are
generally concentrated at the base of the unit.
Unit 11

Unit 11 is 0.78 m thick and is characterized by structureless coarse grained
sand with a few small clasts throughout the unit. The clasts have a maximum long

axis length of 6 cm. This unit is similar to Unit 1.

Interpretation

The eleven units described above can be placed into five groups based on the
sedimentary structures within the units. The groups are (1) horizontal bedding,
(2) planar cross-bedding, (3) structureless gravel, (4) alternating gravel and sand, and
(5) wough cross-bedding. Each group will be interpreted rather than the individual

units to avoid repetition.
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Horizontal Bedding

Horizontal bedding was observed in Units 1 and 11, and may have been
deposited by suspension settling from turbidity currents, by upper or lower flow
regime currents, or by the migration of low relief bedforms in very shallow rivers
(Reineck and Singh 1980). These processes have already been outlined in the
discussion of Sections A12 and AlS5, and need not be repeated here. The horizontal
bedding observed in Units 1 and 11 is interpreted to have been deposited by upper
flow regime currents as described by Middleton and Hampton (1976) and Cheel and
Middleton (1986). The almost structureiess nature of the units indicates that the
sediment was deposited quickly from suspension, preventing the formation of
bedforms (Kuenen 1966; Middleton and Hampton 1976). Textural differences
throughout the units define the horizontal bedding suggesting that the sediment was
crudely sorted before deposition. The small clasts throughout the units are interpreted
to have been entrained due to pulses in the flow energy. Cheel and Middleton (1986)
discussed the formation of fining and coarsening upward horizontal laminae and
attributed their formation to a burst and sweep cycle, respectively. Upper flow
regime planar beds have been recognized in turbidite sequences as a result of
suspension settling and in upper flow regime unidirectional currents. Due to the grain
size, sorting and other structures in the exposure, I conclude that the horizontal

bedding in Units 1 and 11 was deposited by upper flow regime currents.
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Planar Cross-Bedding

Planar cross-bedding was observed in Units 2, 4, 6, and 8, and is interpreted
to have formed by the migration of bars in a fluvial environment (Reineck and Singh
1980). Smith (1970, 1972), Rust (1975), Miall (1977) and Collinson (1986) discussed
the formation and internal structure of fluvial longitudinal and transverse bars.
Longitudinal bars are composed of relatively coarse gravel, and their internal
structure is dominated by massive or crudely bedded units (Miall 1977). Large scale
planar cross-beds were observed in outwash gravels by Eynon and Walker (1974) and
Boothroyd and Ashley (1975), and they concluded that they were formed during a
high river stage with gravel being swept across the bar top and avalanching over the
lee side of the bar. Transverse bars are typical of sandy braided rivers although they
are also observed in gravel bed rivers (Smith 1972; Boothroyd and Ashley 1975; Rust
1975). Planar tabular cross-bedding is the main sedimentary structure in transverse
bars and forms by sediment moving across the surface of the bar as ripples or dunes,
and then avalanching over the slip face of the bar (Smith 1970, 1972). The cross-
beds commonly alternate between coarse and fine strata, due to the sediment being
sorted as it moves across the bar surface (Smith 1972).

The planar tabular cross-bedded units in Section A2 are interpreted to have
been deposited by sediment avalanching down the slip face of longitudinal and
transverse bars. Unit 2 is significantly coarser than the other units displaying planar

cross-bedding and it is interpreted to have been deposited on the slip face of a
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longitudinal bar during a high flood stage. The unit has a moderately oriented fabric
and I propose that some of the clasts were reoriented by changing flow directions as
the flood waned (cf. Tandon and Kumar 1981). Clasts in a fluvial environment are
generally transported and deposited transverse to the flow direction (Rust 1975; Cant
1982; Smith 1985; Collinson 1986), and therefore the clasts in Unit 2 indicate that
they were deposited by a river flowing coastward towards the northwest. The
remaining units are sand dominated and are interpreted to have been deposited by

sediment avalanching down the slip face of transverse bars.

Structureless Gravel

Structureless gravel was observed in Units 5, 7, and 9, and is interpreted to
have been deposited as gravel sheets in longitudinal bars in a shallow braided river
environment. Such bars are characterized by coarse grained sediment that is
commonly structureless or crudely bedded (Rust 1975; Miall 1977). The gravel units
in Section A2 are horizontally bedded and structureless, and there is no evidence of
scouring at the base of the beds. I suggest that the sediment was deposited as gravel
sheets in a minor channel that was only occupied during flood events.

The openwork gravel in Unit 9 is thought to have formed by the winnowing of
interstitial finer sediment. I suggest that the pebbles were initially deposited in a thin
longitudinal bar in a shallow braided river during a flood event, and that a decrease in

the flow velocity caused the sand matrix to be winnowed from the bed. This could
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only occur under fairly low velocities given the relatively fine nature of the gravel,

indicating that there was no deposition above the gravel at this time.

Alternating Gravel and Sand

Alternating horizontal beds of gravel and sand were only observed in Unit 3.
The gravel beds are interpreted to have been deposited by gravel sheets in minor
channels during floods, as discussed above. I suggest that the sand beds in Unit 3
were deposited as the discharge and flow velocity decreased from these flood events,
possibly as upper flow regime planar beds. There are gradational contacts between
all the beds in Unit 3 and this indicates that the discharge and flow velocity increased

or decreased steadily preventing erosion of the underlying sediment.

Trough Cross-Bedding

Trough cross-bedding was observed in Unit 10, and is interpreted to have been
deposited by migrating dunes or ripples along the floor of a river channel, or by the
infilling of a scoured chanrel (Reineck and Singh 1980). These processes have
previously been discussed in Section 6.1.2, and therefore will not be further discussed
here.

The trough cross-bedding in Unit 10 is interpreted to have been deposited by
the infilling of a scoured channel. The basal contact truncates the underlying unit

suggesting that water eroded into the underlying unit before the channel was infilled
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with coarse grained sand (Reineck and Singh 1980). Small pebbles at the base of the
unit indicate that flow energies were greater allowing the clasts to be transported. As
the flow waned the clasts and coarse sand were deposited in thin beds that conform to
the basal trough-shaped contact. The orientation of trough cross-beds was discussed
by Harms et al. (1963), who concluded that trough axes are generally aligned parallel
to the flow direction. The trough cross-bedded unit in Section A2 suggests that the
sediment was deposited by water flowing towards the northwest.

I conclude that the section at A2 represents a shallow braided fluvial
environment. The lack of distinct channelized structures in the section suggests that
the section cuts through sediments of a minor channel within the main braided system.
The majority of the section is composed of sand indicating that either flow velocities
were relatively low, or that coarse sediment was not being transported into the minor
channel. Occasional horizontal gravel beds throughout the section are interpreted to
represent flood sediments that were deposited when the river discharge was greater
causing the main channel to increase in width and depth. This allowed coarser
sediment to be transported to the minor channels. During a normal stage, water did

flow through the minor channel transporting sand and forming transverse bars.
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6.1.4 - Sections A10a and A10b

Sections A10a and A10b are located in a gravel pit approximately 2 km
southwest of Traytown. The gravel road leading to the pit extends southwest from
the top of the Traytown delta and passes close to a cemetery. The area is dominated
by sand and gravel (Section A10a), although there is an exposure of fine sand and silt
roughly 80 m southwest of the sand and gravel deposits. These finer deposits are

described in Section A10b.

6.1.4.1 - Section Al10a

The sand and gravel section at A10a is 6 m high and 50 m wide. Much of the
base of the section was covered by colluvial debris and therefore only the upper 3 m
could be analysed (Plate 6.5). Fourteen units of trough cross-bedding were
recognized in the section (Figure 6.8). Two of the units that are typical of the
exposure will be described in detail.
Unit 1

Unit 1 (Figure 6.8) is composed of clast-supported gravel with a sandy matrix
that has a reddish brown colour when weathered and dry (Munsell: 5YR 4/3). The
unit is 1.12 m thick and extends laterally throughout the section. The sediment is
poorly sorted, with clasts ranging in size from 5 cm to 75 cm. Although the unit is

generally structureless, coarser clasts tend to accumulate at the base of the unit. The
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upper and lower contacts of the unit are sharp and erosional, and the lower contact
truncates the underlying beds.
Unit 7

Unit 7 (Figure 6.8) is 1 m thick, extends laterally over 9 m, and is composed
of coarse sand and gravel. The basal 15 cm consists of pebble gravel with the clasts
having long axis lengths of 1-9 cm. Faint trough cross-bedding can be seen in these
gravel deposits, and the beds conform to the trough-shaped basal contact. Trough
cross-bedding is well defined in the central and upper parts of the unit. The central
area is composed mainly of coarse sand and the beds are defined by granules and
pebbles along the basal contacts. All the beds conform to the basal contact in
orientation. Scattered larger clasts, up to 9 cm long, were observed in the sand,
commonly protruding into the underlying trough cross-beds. The top 30 cm of the
unit is similar in texture to the basal gravel bed, although there is more sand.
Therefore, the trough cross-bedding is well defined due to textural differences.

The upper and lower contacts of all the units in the section are sharp and
erosional. Units 7, 8, 9 and 11 have very distinct trough shapes and the basal
contacts truncate the underlying beds. The units suggest a flow direction towards the
northeast and the coast. Many of the basal contacts are defined by a bed of medium
to coarse gravel. Unit 8 is a good example of this and has several large clasts, 30 cm

long, lying along the basal contact.
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Interpretation

Trough cross-bedding is formed in subaerial fluvial environments either by the
migration of ripples or dunes along the channel floor, or by the infilling of scoured
channels, and these processes were discussed in Section 6.1.2.

Singh (1972) discussed the formation of stacked trough cross-bedded units on
natural levees, cut across by crevasse splays. The channels were cut during flood
conditions and the sediment was deposited mainly by suspension as the flow receded.
A series of trough cross-bedded units were formed as the following floods eroded and
deposited more trough cross-bedded units (Singh 1972). Similar series of truncated
trough cross-bedded units were recognized in a braided outwash stream by Costello
and Walker (1972), and in a low sinuosity gravel stream by Ramos and Sopefia
(1983).

Coarser material is commonly observed at the base of channels and is referred
to as a gravel lag (Bluck 1967; Reineck and Singh 1980; Ramos and Sopefia 1983;
Olsen 1993; Kraus 1996). Bluck (1967) and Costello and Walker (1972) identified
gravel lags in river channel deposits and concluded that they were formed as
migrating channels repeatedly winnowed fine grained sediment from the base of

previously deposited channels.
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I suggest that the trough cross-beds in A10a were formed by the infilling of
channels in a braided stream environment. Sediment is continually being eroded and
deposited in this type of environment, and due to the constant migration of channels,
only remnants of the bedforms and channels are preserved (Bluck 1967).

The sediment in Unit 1 is significantly coarser than the rest of the section,
indicating that flow velocities were greater during transportation and deposition of this
sediment. The remainder of the units are dominated by coarse sand suggesting that
flow velocities were lower. However, coarser lag deposits at the base of some of the
channels, and clasts in the trough cross-bedded sand indicate that the flow
occasionally pulsated, allowing coarser sediment to be entrained.

All of the units in the section have sharp and erosional contacts and most of
the trough cross-beds are truncated by an overlying or laterally adjacent unit. As the
river channels migrated they eroded into previously deposited channel sediments,
truncating the trough cross-bedding, and forming new trough cross-bedded units (cf.
Williams and Rust 1969; Costello and Walker 1972). This created a vertical section
characterized by multi-storey trough cross-bedded units, similar to that described by
Ramos and Sopefia (1983).

The deposits at A10a are located on the relatively flat upper surface of the
Traytown delta at 39 m asl. Moore (1966) suggested that trough cross-bedding was
typical of channel sediments that were deposited in a subaerial delta environment.

The location of the deposits at A10a, and their internal structure suggests that they
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were deposited by a braided river that flowed northeastwards over the delta surface
towards the sea. There is no modern fluvial deposition on the surface of the
Traytown delta, and the deposits identified at A10a thus were formed when sea level

was higher than present.

6.1.4.2 - Section A10b

Two exposures of fine grained, gently dipping sediments were recognized at
Section A10b. Due to the similar sedimentary characteristics in both exposures, only
one exposure will be described in detail.

The section is 5 m high, 20 m wide and is characterized by beds of sand and
silt that dip at 19° towards the north. Approximately 60% of the section consists of
sand, 30% is silt, 5% is clay and the remainder is granules. Twenty-seven units were

recognized within the section, and these can be assigned to seven facies (Figure 6.9).

Facies Al and A2

Facies Al is characterized by structureless silty-clay and silt. Throughout the
section there are seven units assigned to Facies Al (1, 9, 17, 19, 21, 23, and 26).
Unit 1 is approximately 0.8 m thick and is formed of homogenous siity-clay that is
very hard and difficult to excavate. The base of the unit was not observed and

therefore the actual thickness of the unit is not known.
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Facies A2 is composed of structureless sand and Units 2, 8, 15, 18, 20 and 22
can be assigned to this facies. Unit 2 is 21 cm thick and formed of homogenous
coarse sand. The contact between Unit 1 and 2 is abrupt and sharp.

Interpretation

Although the sediments in Facies A1 and A2 are both homogenous, the
different grain size indicates that they were formed by different processes. The fine
grained sediments in Facies Al are interpreted to have been deposited by suspension
settling over a relatively long period of time. These deposits may have been
introduced into the system by interflows or overflows that allowed sediment to slowly
settle out of suspension.

The coarser sediments of Facies A2 indicate more rapid sedimentation. Beds
with little or no internal structure commonly form by the introduction of large
influxes of sediment over a short period of time (Reineck and Singh 1980). The
sediment is deposited quickly out of suspension from an interflow or overflow and
due to continual rapid sedimentation, bedforms are unable to form.

Gilbert and Shaw (1981) and Catto (1987) described similar medium to fine
grained structureless sediments within proglacial lacustrine sediments. They attributed
the formation of the structureless beds to suspension settling within small shallow
lakes. Catto (1987) suggested that this process can only dominate lacustrine

sedimentation where there are very high concentrations of suspended sediment
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preventing the formation of underflows and forcing the meltwater to enter the lake as
an overflow or interflow.
Facies B

Facies B is composed of normally graded thin parallel laminae of sand and
silt, or coarse and fine sand, and is found in Units 3, 6 and 27. Unit 3 is 21.5cm
thick and approximately 40 laminae of silt and fine sand were observed within the
unit. The laminae are about 0.5 cm thick, laterally continuous and the upper contacts
commonly have a wavy structure. Although the laminae are normally graded they
appear as almost two distinct beds, or couplets, with a relatively sharp contact
between the fine sand and silt, or coarse and fine sand.
Interpretation

Normal grading is typically formed by suspension settling from overflows,
interflows or turbidity currents (Kuenen 1951; Ashley 1975; Reineck and Singh 1980;
Lowe 1982; Brodzikowski and van Loon 1991; Liverman 1991). Relatively sharp
contacts between different grain sizes in proglacial lacustrine rhythmites and varves
were observed by Kuenen (1951) and Ashley (1975). Kuenen (1951) suggested that
the coarser sediment at the base of each rhythmite was deposited by turbidity
currents, and that the finer sediment was deposited out of suspension during the
winter months. Ashley (1975) came to a similar conclusion and suggested that ripples
observed within the proximal lacustrine rhythmites were formed by the turbidity

currents that were depositing the sediment.
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In contrast, Shaw (1977) and Shaw and Archer (1978), suggested that coarser
sediments in winter clay laminae were the result of turbidity currents that occurred
throughout the winter months, and were not representative of summer deposition.
This was a result of slumping on the delta front due to a decrease in the internal
strength of the sediment as the lake levels fell. Some of the turbidity currents were
strong enough to sweep across the lake bed to distal areas, and the resulting deposits
were typical of turbidity current deposition under waning flow.

I conclude that the normal grading observed in Facies B formed by deposition
from turbidity currents. As the currents moved across the lake bed they eroded some
of the underlying sediments forming wavy contacts with the beds below. The coarser
sediments were deposited by the initial movement of the turbidity current and the
finer sediments by suspension settling after the wurbidity current had passed.

Liverman (1991) suggested that the normal grading within individual beds may
indicate that each turbidity current is characterized by small pulses that slowly decline
in intensity. Some of the couplets in Facies B are dominated by coarse and fine sand,
rather than sand and silt and this is possibly due to an increase in size and volume of
suspended sediment due to stronger turbidity currents. Although it is not possible to
determine if the turbidity currents formed in summer or winter, the coarse nature of
some of the couplets suggests that deposition took place during the summer due to an

increase in flow epergy.
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Facies C

Facies C is characterized by fine, medium and coarse sand that displays ripple
structures. Units 4, 10, 12, 14, and 24 are typical of this facies, however Unit 24
shows the best development and will be described in detail. The unit is 32 cm thick
and is composed of silt and fine to coarse sand. Climbing ripples are observed
throughout the unit and individual beds are defined by a layer of silt capping the
ripples below. Beds of coarse sand approximately 1.5 cm thick drape some of the siit
layers, and have little or no internal structure. The climbing ripples are characterized
by stoss and lee side preservation identified by textural variations throughout the beds.
The ripples have a typical wavelength of 12 cm, and an amplitude of 1.5 cm. Many
of the climbing ripples within the beds have been truncated.
Interpretation

The climbing ripple laminae of Facies C are interpreted to have been deposited
within flowing water where there was an ample supply of sediment. Climbing ripples
are commonly formed when there is a continual supply of suspended sediment that
constantly buries the underlying ripple structures preserving their form and internal
structure (Fritz and Moore 1988). The climbing ripples identified in Facies C are
similar to the Type B ripple-drift cross-lamination of Jopling and Walker (1968).
Formation of this type of cross-lamination requires bedload movement and a continual

supply of sediment from suspension (Jopling and Walker 1968).
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Stanley (1974) discussed the formation and hydraulic significance of climbing
ripples in lake silts. Due to the discontinuous nature of some of the ripples and the
preservation of coarse and fine layers on the lee faces of the ripples, he concluded
that the climbing ripples were formed by traction currents along the surface of the
bed, and by suspension settling. Gustavson et agl. (1975) reached a similar conclusion
after studying sequences of draped lamination, overlain by the Type B and Type A
climbing ripple lamination of Jopling and Walker (1968). They suggested that the
sequence represented an increase in the density underflow velocity throughout the
melt season, causing the amount of bedload in transport to increase. The layers of
silt capping many of the rippled beds suggests that there were periods when the flow
velocity decreased sufficiently for the finer sediments to settle out of suspension
(Stanley 1974; Gustavson er al. 1975).

The base of individual rippled beds within Facies C are commonly
characterized by structureless sediment, indicating that rapid deposition from
suspension was followed by the formation of climbing ripples. This, and the
truncated beds throughout Facies C indicate that turbidity currents from the delta front
eroded some of the underlying sediment before depositing large quantities of sand in a
short period of time. As the current velocity began to decrease, beds of climbing
ripples were formed. Many of the beds are interrupted by thin beds of silt suggesting
that throughout the formation of the climbing rippled units, there were periods when

the flow velocity decreased sufficiently for the finer sediments to settle from suspension.
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Facies D

Facies D is represented by two units. Units 5 and 11 are 30 and 16 cm thick,
respectively, and they are composed of homogenous silty-clay that contains lenses of
medium sand. The lenses in Unit 5 are the largest and will be described here,
however the lenses in Unit 11 have a similar composition and similar contacts with
the surrounding sediment. The lens within Unit 5 is 25 cm wide and 13 cm thick.
The lens has an irregular shape and the contact with the surrounding sediment is
generally sharp. There is no internal structure within the lens and it does not deform
the upper and lower contacts of Unit S. Smaller lenses with irregular shapes surround
the top of the main lens. There is a sand unit directly above Unit 5 and the texture of
the sand within both units is comparable.
Interpretation

The lenses within Units 5 and 11 are interpreted as frozen balls of sand that
were dropped into homogenous silty-clay that was being deposited by suspension
settling. I suggest that the blocks originated from a bank close to the site of
deposition. Ice forming on top on the water may have incorporated the blocks and
dropped them into the sediment upon melting, or the ice may have eroded the bank
causing it to collapse and drop the frozen sediment into the homogenous silty-clay.
The irregular shape of the lenses suggests that the frozen blocks experienced some
deformation after deposition. This may be due to compaction of the surrounding

silty-clay by continual sedimentation above the bed. Deformation of the surrounding
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sediment may be expected, however due to the lack of internal structure within the
primary sediments of Units 5 and 11, no deformation was observed (cf. Gilbert
1990).
Facies E

Facies E is characterized by reverse grading of beds from fine sand to
medium/coarse sand. Two units throughout the section showed these characteristics
(Units 7 and 16). Unit 7 is 13 cm thick and is composed of fine sand that coarsens
upwards to medium sand. The upper and lower contacts of Unit 7 are sharp and
abrupt. Unit 16 has a sharp upper contact and the lower contact is gradational.
Interpretation

The reverse graded beds of Facies E are typical of high density turbidity
currents or grain flows within a sand dominated environment (Reineck and Singh
1980; Lowe 1982). Coarser particles start to collect at the base of turbidity currents
and transport within this layer is increasingly dominated by grain collisions. The
form of this basal layer is maintained by dispersive pressures, causing the coarser
particles to rise above the finer grained traction carpet below (Bagnold 1954; Lowe
1982). As sediment continues to fall out of suspension the traction carpet becomes
loaded and freezes almost instantaneously, causing a new traction carpet to develop
above the reversely graded bed (Lowe 1982). Reverse grading may also form in
grain flows due to the dispersive pressures mentioned above, or by a kinetic sieve

mechanism whereby the finer grains fall through the coarser grains and collect at the
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bottom of the flow (Middleton 1970; Reineck and Singh 1980). Subaqueous grain
flows commonly require a static angle of repose between 18° and 28° for their
initiation and continuation (Reineck and Singh 1980; Lowe 1982). They are generally
less than 5 cm thick due to the inability of grains at the base of the flow to maintain
the dispersive pressures required against the force of gravity (Lowe 1976, 1982).

The reversely graded units in Facies E are 10 and 13 cm thick, and according
to Lowe (1976, 1982), this suggests that they cannot have been deposited by grain
flows. The units in Facies E are therefore interpreted to have been deposited by
traction carpets that formed at the base of high density turbidity currents in a sand
dominated environment.

Facies F

There is only one unit in Facies F and it is characterized by faulted beds and
deformation. Unit 13 is 26 cm thick and composed of beds of silty clay and sand.
The base of the unit consists of 6 cm of homogeneous silty clay that is interrupted by
a bed of medium to fine sand approximately 1 cm from the base of the unit. The bed
of sand is faulted and three small normal faults were observed with relatively little
displacement. Above the silty clay bed there is a sand bed that is 20 cm thick.
Roughly 3 cm from the base of the sand bed there is a thin bed of silty clay that has a
clear convexo-concave structure with a flattened base that is 2.5 cm thick. The silty
clay bed appears to remain horizontal on either side of the deformed structure, and

the horizontal parts of the bed are roughly 7 cm thick.
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Interpretation

Small normal faults and distorted beds are commonly associated with
glaciolacustrine and glaciofluvial sediments that have been deposited over blocks of
stagnant ice (McDonald and Shilts 1975; Sugden and John 1976; Reineck and Singh
1980; Van der Meer et al. 1992). As the ice melts the sediment above starts to slump
down into the void left by the ice, causing the sediment above to develop normal
faults or be deformed (Reineck and Singh 1980). The faults in the lowest 6 cm of
Unit 13 are interpreted to have been formed in this way, with a small block of ice
located under the sediment slowly melting and causing the sediment to slump and
fault. The convexo-concave structure is interpreted to have formed in a similar
manner, with the silty clay sediment being deposited over a small block of ice that
subsequently melted. No faults are associated with this silty clay bed and I therefore
suggest that this ice block melted relatively slowly, and that deposition of the silty
clay may have continued as the ice below was melting.
Facies G

Trough cross-beds were observed in Unit 25 and they appear to be laterally
equivalent to alternating beds of fine and coarse sand (Facies B). The unit is 25 cm
thick and the beds are composed of fine, medium and coarse sand. There is some
coarsening towards the east. Two sets of trough cross-beds were observed separated
by an erosional contact. The lower cross-beds dip 17° and the upper cross-beds dip

30°. The lower contact is gradational, and the upper contact is sharp, and the high
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angled coarse sand trough cross-beds truncate the low angled finer-grained trough
cross-beds below.
Interpretation

Trough cross-beds are commonly found in fluvial deposits (DeCelles er al.
1983) and they are formed by the migration of ripples or dunes downstream, or by
the infilling of an eroded channel. The erosional and depositional processes have
previously been discussed in Al2, and are not repeated here.

Although two sets of cross-stratification were recognized in Facies G based
on the angle of dip, McKee (1957) suggested that cross-strata may dip at a steeper
angle if the sediment becomes coarser, or the velocity of the transporting water
decreases. However, the two sets of trough cross-stratification may represent two
different channels with the upper set eroding down into the lower set. DeCelles er al.
(1983) suggested that based on the asymmetry of the basal contact and the angle at
which the trough cross-beds are truncated, the palaeocurrent direction can be inferred.
The steeper trough cross-beds in Facies G may therefore represent a different cut
through a second channel that was flowing in a different direction to the channel
below.

The trough cross-stratification identified in Facies G is interpreted to have
been formed by subaqueous channels that were subsequently filled by suspension
settling from pulses of sediment that were introduced into the system. The steeper

cross-strata within the facies are slightly coarser indicating that coarser sediment was

170



being transported to the site perhaps by an increase in the velocity of the transporting
water, or by a secondary channel that eroded into the primary channel and had a
slightly different palacocurrent direction.

Faults

Throughout the exposure there are numerous small-scale reverse faults that are
found within all types of sediments, and are not restricted to a specific unit. The fault
planes dip towards the north and south and dip at angles of 11°, 24°, 35° and 50°.
Between 5 and 30 beds are displaced and the amount of displacement varies from 0.5
to 17 cm (Plate 6.6).

Small-scale reverse faults are commonly associated with coarse grained glacial
sediments and therefore it is unusual to find reverse faults in such fine-grained
sediments. McKee and Goldberg (1969) examined the contorted structures that were
formed in mud. They suggested that thrust faults may form beneath sediment that
was being deposited at an angle rather than normal to the surface of the mud. This
created a strong lateral, as well as compressive, force causing the underlying
sediments to be faulted. However, the faults within Section A10b dip towards the
north and south, and therefore they cannot have been formed by lateral stresses

created by sediment deposition on a slope with only one flow direction.
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McDonald and Shilts (1975) discussed the formation of faults in glaciofluvial
sediments. They assigned low angle reverse faults with dips less than 45° to be a
result of horizontal compressive stresses. These stresses may have formed due to
sediment sliding down a slope under the influence of gravity, or by an overriding
glacier. The section at A10b is surrounded by glaciofluvial sediments and there is no
evidence to suggest that a glacier overrode the sediments with subsequent
deformation. McDonald and Shilts (175) and Reineck and Singh (1980) suggest that
melting of ice underneath the sediment may produce small-scale faulting as the
sediment settles under the force of gravity. Normal faults are usually associated with
this process, however Sanford (1959) suggested that if there was a vertical
displacement of a lower boundary due to the melting of buried ice, small-scale reverse
faults would form along the fractures (Figure 6.10). Sanford (1959) recognized that a
series of reverse faults would form rather than a single fault, and that the faults would
have progressively lower dips towards the surface. The reverse faults within the
section at A10b have progressively lower dips farther up the section and are therefore
interpreted to have formed by the melting out of buried ice that caused a large block

of sediment to be displaced downwards.
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reverse faults

Y ' '

melting and vertical displacement

Figure 6.10 - Vertical displacement of lower boundary due to melting ice producing
reverse faulting (after Sanford 1959).
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Discussion

The sediment in Section A10b is very fine in contrast to the surrounding
sediment which is composed of sand and gravel, as previously described in Section
AlOa. The sediments in Section A10b are similar to the lake sediments described by
Shaw (1975, 1977), Gilbert and Shaw (1981), Catto (1987) and Liverman (1991). I
suggest that the sediments in Section A10b represent a small lake adjacent to the main
meltwater channel that was periodically influenced by overflowing water throughout
the meltwater season.

Almost half the units in Section A10b are dominated by structureless sediments
(Facies Al and A2). These have been interpreted to have been deposited by
overflows or interflows that formed from high concentrations of suspended sediment
within the inflowing water. The plumes may have formed at the beginning or
throughout the melt season, however the finer units are thought to represent
suspension settling throughout the winter.

Facies B, C, and E are represented by normal grading, climbing ripples and
reverse grading, respectively. They are all interpreted to have been deposited by
turbidity currents that formed due to slumping at the delta front. Slumping may have
occurred as a result of oversteepening from rapid sedimentation during the main
meltwater season, or as a result of lake levels falling throughout the winter and
reducing the internal strength of the deltaic sediments (Shaw 1977; Shaw and Archer

1978).
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The homogenous sediments described in Facies D are similar to those in
Facies A, however there are small lenses throughout the units that have been

interpreted as frozen balls of sand that were dropped into the homogenous silty-clay.
The lenses may have been deposited by underflows or turbidity currents, however
they are located in a relatively thick bed of fine silty-clay which takes a considerable
amount of time to settle out of suspension. I therefore conclude that Facies D was
deposited during the winter when there was very little activity within the lake.

In conclusion, the sediments at A10b likely represent a small lake that was
situated close to the main meltwater stream that flowed across the surface of the
sandur towards the coast. Sedimentation in the lake was dominated by overflows or
interflows, and by turbidity currents. The trough cross-beds in Facies G indicate that
subaqueous channels were formed, possibly by strong turbidity currents, that eroded a
substantial amount of sediment. Small normal faults within Facies F signifies
deposition over a small block of ice that was rapidly buried by the overlying
sediment. Larger reverse faults throughout the section indicate that the sediment was
deposited in a lake that formed on top of a relatively large block of ice. The ice
subsequently melted and caused part of the section to collapse into the resultant void

below (cf. Sanford 1959).
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6.2 - Summary of Glaciofluvial Deposits in Terra Nova National

Park and Vicinity

The glaciofluvial deposits throughout Terra Nova National Park and vicinity
reflect deposition in a variety of glaciofluvial environments. The most complex
system is located along Big Brook valley adjacent to Route 301. Close to Terra Nova
Lake there are two large sand deposits (A12 and A15) that are interpreted to have
been deposited in a sandy braided fluvial environment in front of a proglacial lake. I
propose that the proglacial lake (Terra Nova Lake) acted as a sink for the coarse
sediment that was transported away from the ice front by meltwater streams.

Downstream in Big Brook valley, the sediment is coarser (Allb) and
represents deposition in longitudinal bars in a braided river. The coarse sediments at
Allb were deposited prior to the formation of the proglacial lake. As the ice
retreated over the drainage divide between Big Brook valley and Terra Nova River
valley, meltwater ceased to flow down Big Brook valley restricting the supply of
glaciofluvial material to the valley. Meltwater was concentrated into Terra Nova
River valley. The trough cross-bedding on top of the Traytown delta (A10a) and the
ponded sediments (A10b) may have formed at this time. Further retreat of the ice

created the proglacial lake into which the coarse grained sediment was deposited.
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Coarse sediments representing deposition in a braided river are also located
adjacent to the Terra Nova River at A9. Although these deposits are less than 10 m
above the present river, they were deposited when sea level was higher. A
subsequent fall in sea level resulted in the incision of these sediments.

The braided stream deposits at Sandringham (A2) were also deposited when
sea level was higher than present. There is a lack of modern fluvial deposition, and
this suggests that the drainage patterns were different during deposition of these

sediments than they are today.
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Chapter 7

Emerged Marine Landforms and Sediments

7.0 - Raised Marine Features

In Atantic Canada, postglacial sea-level changes mostly occur as a result of
climate-influenced changes in sea level and isostatic recovery from glacial unloading.
Throughout Terra Nova National Park and vicinity there are several raised features
that are evidence of higher sea-levels (Figure 7.1). Individual raised landforms,

measured in July 1995, are listed in Table 7.1.

Table 7.1 - Raised landforms and elevations within Terra Nova National Park and

vicinity.

| Delta/Terrace Elevation asl |

II Traytown 39m II
Eastport 16 m "
Sandy Cove 25 m "
Big Brook 3lm "
Port Blandford 16 m
Culls Harbour 16 m "
Charlottetown 33,27,21,5m |I
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Figure 7.1 - Map showing the location of raised marine features measured during
July 1995.
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Large expanses of sand and gravel crop out at Traytown, Eastport, and Sandy
Cove. They are all well-developed, form prominent bluffs close to the present
shoreline, and are interpreted to be the remnants of raised marine deltas. The
surfaces of these raised features are dominated by agriculture reflecting the very
sandy and well-drained soils in the area. Depressions and hills have been colonized
by black spruce (Picea mariana), balsam fir (Abies balsamea), trembling aspen
(Populus tremuloides), and white birch (Betula papyrifera). The lower elevation
marine terraces (< 16 m asl) are fairly well developed, and tend to be covered by

boreal forest.

7.1 - Raised Marine Sediments

The elevations of raised marine features were measured during July 1995.
Few exposures of raised marine sediments were recognized in the study area. The
exposed faces of the raised deltas at Sandy Cove, Eastport, and Traytown are covered
by colluvium and therefore detailed analysis of the sediment is impossible. The
observations and interpretations made by Jenness (1960) and Dyke (1972) have been
used in the overall reconstruction of post-glacial sea-level history.

Two temporary sections (A6) near the top of the Traytown delta (39 m asl)
were exposed in July 1995 due to housing construction. The sections are
approximately 3 m thick, 20 m wide, and are composed of coarse cobble gravel and

trough cross-bedded sand and fine gravel. The cobble gravel is clast-supported and
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clasts vary in size from 4-16 cm. The basal contact with underlying sand is trough
shaped, and there is a lag of large clasts at the base of the unit.

Sand beds overlie and underlie the pebble gravel, and form trough shaped units
that are commonly truncated by other trough structures. Individual beds within the
units are defined by a thin layer of fine gravel and the beds conform to the trough
shaped basal contacts. DeCelles er al. (1983) discussed the determination of
palaeocurrent directions from trough cross-stratification and concluded that the axes
are generally aligned parallel with the local flow direction. The trough cross-beds at
A6 suggest that they were formed by flow towards the east or northeast.

The coarse gravel and sand units are interpreted to have been formed by river
channels that wandered across the top of the delta eroding and depositing sediment.
Although the sections are poorly exposed the trough cross-beds in the sections indicate
flow directions towards the east or northeast. The deposits are downstream of the
coarser trough cross-beds described in Section 6.1.4.1 (Section A10a) and are thought
to be part of the same braided stream system.

Two other exposures were located northwest of Port Blandford (A18 and A19)
and each provides evidence of the existence of higher sea levels during deglaciation.
Both sites are characterized by clay, silt and fine-grained sand overlain by medium-

coarse grained sand.
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7.1.1 - Clay, Silt and Sand
Description

Only one coastal exposure interpreted to be deposited as marine clay, silt and
sand was found in the study area. This exposure is located approximately 2.5 km
northwest of Port Blandford (A18) in a small cove close to the main road that runs
through Port Blandford. The exposure is at least 2 m thick, as the clay and silt
extend to below sea level (Plate 7.1). The exposed section was restricted to
approximately 10 m in width, due to colluviation and vegetation growth.

The lower 1.3 m of the unit is characterized by beds of clay, silt and sand.
The beds are 0.5-3 cm thick and all are well sorted. There is some normal grading
within the beds and most fine upwards from sand to clay. Contacts between the beds
are generally sharp.

The lower unit has been deformed and convoluted bedding extends along the
length of the exposure (Plate 7.1). Antiforms and synforms found throughout the unit
vary in height and width. The convolutions in the centre of the exposure show the
best development, with broad synforms separating relatively narrow antiforms and
diapirs which widen towards the top of the structures. The diapirs are approximately
0.7 m wide and 0.85 m high. Towards the west the convolutions are less
pronounced, although the deformation of a single bed can be followed throughout the
sequence. The antiforms and synforms are approximately 0.4 m and 0.7 m wide

respectively, and the structures are approximately 0.9 m high. As the structures
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extend below sea level, the exact height of these structures is not known. The
convolutions show horizontal displacement, and the fold axes indicate that
deformation was produced by flow towards the east-northeast. Throughout the
deformed unit there are pockets and lenses of coarse sand that are approximately 1-
1.5 cm thick and 1 m long. The lenses follow the convolutions indicating that the
sand was deposited before the sediment was deformed.

The upper 0.7 m of the unit is composed of approximately 20 horizontal beds
of clay, silt and sand. Some of the lower beds deform over the convolutions below.
The unit coarsens upwards from clay and the successive sand beds increase in
thickness. The thicknesses of the clay beds gradually decrease up to 3 m asl. Above
this level, clay beds are not observed within the exposure. All contacts within the
unit are sharp.

At the top of the unit there are lenses of medium sand within a bed of coarser
sand. The lenses are 1.1-5.7 ¢cm long and 0.7-1.5 cm thick. They have an irregular
shape and the contacts with the surrounding sediment are sharp (Plate 7.2). The
texture of the lenses is similar to the texture of the bed below.

Within the basal deformed unit there is a granitic clast that is roughly 30 cm
long and is aligned vertically within the surrounding sediment. Beds within the
sediment have been deformed by the clast and can be traced on either side of, and

below, the clast.
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Interpretation

The horizontal bedding of clay, silt and sand throughout the unit may have
been formed by underflows, interflows or overflows, from a meltwater stream
entering into the sea. Within the glaciolacustrine environment coarse-grained
rhythmites are quite common and are produced by underflows that flow along the lake
bottom (Reineck and Singh 1980). Sedimentary structures associated with these
underflows include coarse-grained graded laminations or rippled sand and silt
(Reineck and Singh 1980). In the marine environment, however, underflows are
relatively rare due to the greater density of sea water (Powell 1983; Domack 1984;
Syvitski 1989). As a stream enters into the sea the discharge rises up as a turbid
plume and forms an interflow or overflow (Mackiewicz er al. 1984; Cowan and
Powell 1990; Lemmen 1990). The sediment is deposited by suspension settling,
resulting in normal graded beds. Mackiewicz er al. (1984) discussed the formation of
cyclically interlaminated mud within the marine environment. They suggested that
each new turbid plume brings a separate supply of sediment to the water column.
The coarse grained sediment is deposited out of suspension faster than the finer
sediment, and this produces normally graded beds. Due to the lack of current
features within the sediment at A18, the horizontal beds are interpreted to have been

deposited by suspension settling from interflows and/or overflows.
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The basal part of the unit exhibits soft sediment deformation and is dominated
by convoluted bedding. Convoluted bedding is characterized by laminated silt and
fine sand that has been internally contorted, and has planar upper and lower contacts
(Mills 1983). There are several hypotheses for the formation of convoluted bedding,
but all require a liquefied bed for the deformation to take place (Reineck and Singh
1980; Mills 1983; Lindholm 1987; Owen 1996). Liquefaction occurs when loosely
packed grains in under-consolidated sediment are shaken apart, causing the sediment
particles to move downwards and the pore fluid to move upwards (Mills 1983). The
process is associated with rapid deposition (Lindholm 1987).

Allen (1982) suggested that vertical folds within convoluted bedding are the
result of vertical forces acting on the liquified sediment. Cheel and Rust (1986)
proposed that some vertical convoluted bedding or diapirs may be the direct result of
rapid dewatering. They suggested that rapid deposition of siity-sand creates an excess
pore water pressure that causes the sediment to be ejected up through more cohesive
sediments when a critical value is reached.

Folds within convoluted bedding are often oriented in a preferred direction,
and may be formed by gravitational slumping due to oversteepening of a slope, rapid
sedimentation, or undercutting by water or turbidity currents (Allen 1982; Mills 1983;
Scott er al. 1991). Mills (1983) described two types of slumps, both of which
involved the movement of under-consolidated sediments downslope as a result of

gravitational forces. Coherent slumps were characterized by very little mixing of the
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sediments, and bedding within the unit was generally preserved. Incoherent slumps
were composed of broken bedding and balls of mixed sands, silts and muds. Slump
structures are often confused with tectonically induced deformational features (Allen
1982; Mills 1983). Gravitational slumps are distinguished by undisturbed bedding
above and below the deformed unit, whereas tectonically induced deformation affects
the entire unit (Allen 1982).

The convoluted bedding at A18 has a preferred orientation towards the coast,
and therefore the sediments are interpreted to have been deformed by slumping after
their initial deposition. Individual beds can be traced throughout the unit indicating
that there was little mixing of the sediment during deformation. Bedding directly
above the deformed unit is undisturbed, suggesting that the slumping was induced by
oversteepening or undercutting.

The lenses of medium sand at the top of the unit are interpreted as rip-up
clasts that were formed by the action of turbidity currents or underflows. Turbidites
are characterized by massive or graded beds that are overlain by upper flow regime
planar beds, ripples, and lastly finer sediments that are deposited from suspension
(Walker 1984). Due to the lack of current features in the overlying beds I suggest
that the rip-up clasts were formed by underflows that incorporated lenses of sediment
from the underlying bed into the flow. Rapid deposition resulted in the rip-up clasts
of finer sediment being deposited within the coarser grained sand with no specific

orientation or shape. Similar deposits of rhythmically bedded silts and clays with
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some convoluted bedding were recognized in raised marine sediment in the
Springdale-Hall’s Bay area by Scott ez al. (1991) and in the Botwood area by
Mackenzie and Catto (1993).

The granitic clast within the basal deformed unit is interpreted as a dropstone
that was deposited from an iceberg. Liverman (1991) and Scott er al. (1991)
described similar rhythmically bedded sediments that were deformed by clasts in a
glaciolacustrine and glaciomarine environment respectively, and interpreted the clasts
to be ice-rafted dropstones. Thomas and Connell (198S) discussed iceberg drop,
dump and grounding structures within glaciolacustrine sediments. The majority of the
clasts they analyzed were deposited by icebergs, and approximately 95% of the clasts
were inclined or sub-vertical. The lower contact is often deformed and the amount of
deformation depends on the size and shape of the clast, and the type of sediment into
which it falls (Thomas and Connell 1985). The clast at A18 is relatively large, has a
bladed shape and was deposited into underconsolidated marine clay, silt and sand.
These conditions and the vertical alignment of the ab plane of the clast caused the

underlying sediments to undergo a large degree of deformation.
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7.1.2 - Alternating Silty-Sand and Sand

The marine clay is overlain by approximately 3.5 m of alternating silty-sand
and sand beds. The sediment directly above the clay was covered by colluvial debris,
and therefore, an exposure within a gravel pit 300 m northwest of the clay section
was analyzed in detail.

The section at A19 is characterized by horizontal beds of silty-sand and fine,
medium, and coarse sand. Approximately 60% of the beds are dominated by sand,
30% by silty-sand and the remaining 10% is silt. Eighteen units were recognized

within the section, and these can be assigned to six facies (Figure 7.2).

Facies A

Facies A is represented by reverse grading of beds from silt to fine, medium,
or coarse sand. Approximately 80 beds throughout the section show reverse grading,
as found in Units 1, 7, 9, 11 and 12. Unit 1 is typical and is 30 cm thick. There are
approximately 40 beds within the unit which are 0.5-1.5 cm thick. Each bed coarsens
upwards from silt to medium or coarse sand, and the upper contact of each bed is
abrupt and sharp. The proportion of sand in successive beds progressively increases

towards the top of the unit.
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Interpretation

The reverse graded beds of Facies A are interpreted to have been deposited by
subaqueous grain flows. In a well-sorted sand-dominated environment coarser
particles are concentrated near the bed forming a traction carpet that is maintained by
grain collisions creating a dispersive pressure (Bagnold 1954). Coarser particles rise
above the traction carpet towards areas of lower shear stress, and as the sediment
continues to fall out of suspension the frictional forces within the traction carpet
increase until the layer freezes almost instantaneously. The process starts again above
this layer and preserves the reversely graded bed below. Another method for the
formation of reverse grading in grain flows was discussed by Middleton (1970). He
proposed a kinetic sieve mechanism whereby the smaller grains fall through the pore
spaces between the larger grains, and due to frictional forces the layer freezes
preserving the reverse graded nature of the bed.
Facies B

Facies B is composed of silt beds with no internal structure. Units 2 and 10
are typical of Facies B and are 5 and 10 cm thick respectively. The upper and lower
contacts of Unit 2 are abrupt and sharp. Unit 10 has a sharp lower contact, and the
upper contact is gradational.
Interpretation

The structureless sediments of Facies B are interpreted to have been deposited

by suspension sedimentation, grain flows or high-density turbidity currents.
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Structureless beds commonly form when there is a large influx of sediment in a short
period of time (Reineck and Singh 1980). The sediment is deposited very quickly
from suspension and due to continual high sedimentation rates, bedforms are unable to
form. Lowe (1982) suggested that although reverse grading is normally associated
with grain flows, some structureless beds may form from grain flows when there are
low dispersive pressures between the grains. It was also proposed by Lowe (1982)
that structureless beds can be formed in sandy high-density turbidity currents by
suspension sedimentation, as described previously. On compaction a structureless bed
may form (Middleton and Hampton 1976), however dish and pillar structures are
characteristic of these beds due to dewatering (Lowe 1982). The beds within Facies
B do not display any dish or pillar structures and therefore were not deposited by
high-density turbidity currents. Grain flows usually display some kind of reverse
grading and therefore the structureless beds within Facies B are interpreted to have
been deposited by rapid suspension sedimentation.
Facies C

Beds within Facies C are normally graded. Approximately 50 beds throughout
the exposure show normal grading, as found in Units 3, 4, 5, 6, 8, 16 and 17. Unit
3 is 28 cm thick and consists of 9 beds which each fine upwards from medium sand
to silt. The beds are 2-8 cm thick. The contacts between the beds are generally
sharp, and small loading structures were observed along one of the contacts. The

loading structures are formed in silt with sand from the upper bed protruding into the
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silt below. The structures are approximately 1-5 cm wide and 1.5-3 cm deep, and
have a convexo-planar or wedge shape. Units 4, 16 and 17 have several small clasts
scattered throughout the units. Unit 16 is 10 cm thick and consists of medium sand
that fines upwards to fine sand. Within the fine sand, there are 3 clasts 2-3 cm in
length. One of the clasts is aligned vertically, and deforms the gradational contact
between the coarse and fine sand. The upper comtact is also deformed and drapes
over the vertical clast. The other two clasts are inclined 45°, and the contacts above
and below the clasts are similarly deformed.
Interpretation

Facies C is characterized by normal graded beds, and these are interpreted to
have been deposited by underflows, interflows or overflows. Fining-upwards
sequences are generally associated with suspension settling from overflows and
interflows (Reineck and Singh 1980; Collinson 1986), however Mackiewicz er al.
(1984) described fining-upwards sequences in ice-proximal underflow deposits in
Alaska. The deposits were thick, dominated by fine to coarse sand and although they
exhibited some reverse grading, once the maximum particle size had been reached
there was a change to normal grading (Mackiewicz et al. 1984). Underflows are
relatively rare in the marine environment due to the density differences between fresh
and saline water, however Mackiewicz er al. (1984) suggested that they can form
close to the source of the incoming water. The large number of units with normal

grading representing Facies C, and the grain flows and suspension settling of Facies
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A and B respectively, suggest that underflows, close to the incoming source, were
responsible for the deposition of all the sediments.

Small load structures along one of the contacts were formed by intrusion of the
overlying sand into the underlying silt. The deformation occurred due to overloading
of the denser sand into the less dense and possibly liquified silt layer below (Reineck
and Singh 1980; Lindholm 1987). The formation of the load structures indicates that
the upper sand bed was deposited quickly, preventing the water within the silt from
escaping. This caused the silt to become liquefied and deformation to occur as the
water was expelled (Lindholm 1987).

Small clasts within Units 4, 16, and 17 appear to have been dropped from
above, and they deform the upper and lower contacts of the units. Similar structures
were described by Thomas and Connell (1985), and therefore the clasts are
interpreted as dropstones that were released from icebergs.

Facies D

Three units constitute Facies D, characterized by generally structureless sand
with ripple structures along its upper contact. Unit 13 is 31 cm thick and fines
upwards from gravelly sand to structureless fine sand at the top of the unit. The
lower and upper contacts are sharp. The upper contact is marked by ripple structures
that are continuous along the bed (Plate 7.3). The ripples have a wavelength of 17
cm and an amplitude of 3 cm. Within the ripples there is some internal structure,

with lee side preservation dominating the bedforms. The ripples are slightly coarser
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on the lee side. Unit 14 directly above the ripples mirrors the underlying structures.
It is composed of coarse sand and is 4 cm thick. Unit 15 is 10 cm thick and is
composed of beds of medium sand that drape the underlying bedforms. A ripple
structure was observed in Unit 15 and is composed of fine sand overlying the coarse
bed below. The ripple has a wavelength of 17 cm and an amplitude of 3 cm and the
bed thins laterally eastwards, draping the underlying bed. Contacts between each unit
are generally sharp.
Interpretation

Facies D is the only facies within the section that has ripple structures along
its upper contact. Mackiewicz er al. (1984) recognized underflows within ice-
proximal sediments that were related to turbidity currents. The sediments were
composed of normally graded beds that became progressively finer towards the top of
the unit. The upper contact was commonly characterized by a wavy structure thought
to be ripples. Walker (1984) discussed the sedimentary structures associated with
turbidity currents (Figure 7.3). The structures were initially described by Bouma
(1962). At the base of the turbidite Bouma identified a structureless or normally
graded unit that passed into planar beds and then into rippled or convoluted
sediments. Above the rippled sediments there were additional planar beds and the top
of the turbidite was characterized by mud. The type of sedimentary structures
produced depends on the amount of sediment available and the flow velocity of the

trbidity current. The sequence described by Walker (1984) represents a continual
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E(h) Hemipelagic mud
——E(t) Mud introduced by turbidity
current

D Parallel interlaminations of silt
and mud

C Ripple and/or convoluted

Sandy parallel lamination
Upper flat bed

Structureless or Graded Bed
Rapid Deposition

Figure 7.3 - The sedimentary structures associated with the Bouma sequence (after
Walker 1984).
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decrease in flow energy with the normally graded unit deposited by very rapid
deposition, followed by upper flow regime plane beds, and then lower flow regime
ripples. As the flow velocity continues to decrease lower flow regime planar beds are
deposited and finally the turbidite mud is deposited by suspension settling. The
complete sequence is rarely observed, and one or more units are usually missing from
the sequence (Walker and Mutti 1973). The units within Facies D fine upwards from
gravelly sand to fine sand and there are ripple structures at the top of the unit. I
propose that these sediments represent turbidite deposition from an underflow. Finer
sediments representing suspension settling from the underflow were not observed
above the ripples. This may be due to current reworking or the finer sediments may
have been carried farther out to sea.
Facies E

Only one unit represents Facies E (Unit 18) and it is composed of structureless
sand that contains lenses of finer sediment. Unit 18 is 30 cm thick and consists of
silty sand with an iron rich layer approximately 4 cm above the base of the unit. The
lower 20 cm of the unit has 4 lenses of fine sand which are 1-5.5 cm long and 1-3 cm
thick. The lenses have a variety of forms, however there is no internal structure
within the lenses. Two of the lenses have a biconvex shape and they are surrounded
by structureless sand. There is an irregular shaped lens 14.5 cm above the base of
the unit. A bed of silt continues on either side of the lens and remains at the same

height. The contacts with the lens are sharp and horizontal. The final lens has a
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plano-convex shape and it too is characterized by a bed of silt which continues on
either side of the lens. The bedding on the east side of the lens is displaced upwards,
however the contacts remain sharp and horizontal. There is no indication of the beds
continuing below or above either of the lenses, and the lenses do not deform the beds
in any other way.
Interpretation

The structureless sand of Facies E may have been deposited by suspension
settling, a grain flow, or a high-density turbidity current, and these processes were
described previously in Facies B. The lenses of finer sand within the structureless
sand are interpreted to have been deposited as frozen blocks of sediment that were
deposited contemporaneously with the surrounding sediment or by the infilling of
cavities in a turbidity flow (cf. Catto er al. 1989). The frozen blocks may have come
from the collapse of a frozen bank, close to the site of deposition, and the clumps of
sand were deposited within the structureless sand, where they were covered by
sediment and subsequently melted. Deformation of the unit by the lenses may have
occurred, however due to the structureless nature of the surrounding sediment, very
little deformation was observed (cf. Gilbert 1990). Lenses that are formed in
association with turbidity currents may have a planar or convex basal contact and the
lenses commonly show fining upward sequences. Overlying sediments tend to drape
the underlying lenses, and the surrounding sediment is commonly deformed. The

lenses within Facies E are structureless and there is a lack of deformation and draping
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in the surrounding sediment. They are, therefore, interpreted to have been deposited
by the melting of frozen blocks of sediment.

The structureless sediment of Facies E is interpreted to have been deposited by
a turbidity current. I suggest that the frozen blocks of sediment were eroded and
incorporated into the turbidity flow, deposited by rapid sedimentation and melted with

little or no post-depositional movement or deformation.

7.1.3 - Discussion

Interpretation of the facies recognized within the two exposures described
above suggests the following sequence of events. The marine clay, silt and mud were
deposited by suspension settling in relatively deep water. Slumping, initiated
landwards of the exposure, caused the underconsolidated sediments to be deformed
resulting in the formation of convoluted bedding. After the gravitational slumping
event there was a return to suspension settling with increasing amounts of sand being
brought into the system. Eventually clay and silt were no longer deposited at this site
and medium to coarse sand was deposited by grain flows, turbidity currents and
suspension settling. All of these processes can occur as a result of underflows,
however for underflows to develop in a marine environment the incoming water must
have a high concentration of suspended sediment or the sediment must be deposited

close to the incoming source (Mackiewicz er al. 1984).
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The progressive increase in sand within the exposure may represent a sandy
delta that prograded over glaciomarine muds, or it may represent a marine
regressional sequence that formed as sea level fell during the last deglaciation. The
sand beds are horizontal and therefore would represent the bottomsets within a delta
sequence that overlie glaciomarine clay and silt. No deltaic foresets were recognized
within the gravel pit at A19, although much of the sediment has been removed.
McCabe et al. (1994) discussed a shallow marine emergent sequence in Northern
Ireland. They suggested that an emergent sequence should show a progression from
glaciomarine, to shallow marine and wave-influenced units, followed by upper
shoreface sands and gravels. Due to erosion or periods of little or no deposition some
of these units would not be preserved.

The sediments at Port Blandford (A18/19) may represent such a sequence with
glaciomarine clays and silt being progressively overlain by shallow marine sediments
and upper shore face sands. I thus suggest that the sediments at A18/19 represent a
marine regressional sequence and are not be part of a prograding deltaic sequence in
the absence of deltaic foresets. The marine clay, silt and sand were deposited in
fairly deep calm water by suspension settling and were interrupted only once by
slumping that was initiated closer to the shore. As sea level fell, from isostatic
rebound, the sandy nearshore environment migrated seawards depositing increasing

amounts of sand over the marine clay, silt and sand, by grain flows, turbidity currents
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and suspension settling. The marine clay, silt and sand sediments also migrated

seawards and are now being deposited below sea level.

7.2 - Dating of Raised Marine Features

Raised deltas and beaches are usuaily dated by '“C dating of shells within the
marine sediments. This aids in reconstructing the sea-level history of the area. There
is, however, a lack of shells within the raised features in Terra Nova National Park
and vicinity. One site that contained Hiatella arctica is reported from St. Chad’s, 4
km north of Eastport. The shells were located at 14 m asl and provided a date of
12,400+ 110 years BP (GSC-5413) (Liverman 1994). Hiatella arctica are found at
depths between 1 and 75 m (Peacock 1993), although Dyke er al. (1996) indicated
that they are commonly found in water depths between 2 and 45 m. It is thought that
the shells at St. Chad’s were deposited at depths between 15 and 25 m, and that both
the shells and the 30 m raised deltas at Sandy Cove, Traytown and Big Brook were
deposited contemporaneously. This implies a minimum age of 12,400 years BP for
the formation of the deltas and the marine limit of 39 m asl. A maximum date
(12,800 years BP) for the formation of the deltas was suggested by Cumming er al.
(1992) who dated an intact mollusc shell in a core from Bonavista Bay to
12,790+ 115 years BP (Beta 27227). Given the lack of ice-rafted debris in this part

of the core, Cumming et al. (1992) concluded that at the time of deposition ice had
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retreated onto the land and that there may have been a sparse vegetation cover at

some coastal locations.

7.3 - Sea-Level History

A possible marine limit of 39 m asl has been suggested for Terra Nova
National Park and vicinity based on the recorded elevations of the delta at Traytown.
This elevation is similar to that proposed by Dyke (1972) who measured a marine
limit of 38.5 m asl for the Eastport delta system. The marine limit is tentatively
dated to between 12,800 years BP (Cumming er al. 1992) and 12,400 years BP
(Liverman 1994). Although there are no “C dates for Terra Nova National Park and
vicinity, shells from marine deposits 14 m asl at St. Chad’s were dated to
12,4004+ 110 years BP (GSC-5413). These shells are typically found at depths up to
30 m and I suggest that the shells and raised deltas were deposited simultaneously.

Based on raised delta and raised beach elevations throughout the area there
were at least five major stands of sea level between the onset of deglaciation and the
present. These were at 39 m, 31 m, 21 m, 16 m and 5 m asl. The raised marine
features in Terra Nova National Park and vicinity follow the gradual decrease in
marine limit from the Northern Peninsula towards the Avalon Peninsula as discussed
by Liverman (1994). The marine limit progressively decreases from 75 m at

Springdale (Scott et al. 1991), S8 m at Botwood (Mackenzie and Catto 1993) and
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52 m at Carmanville (Munro and Catto 1993), to 39 m at Traytown. These features
are all thought to have formed approximately 12,800-12,400 years ago.

The sea level dropped below present levels between 12,000 and 10,000 years
BP and reached a possible minimum of -17 m prior to 8,600 years BP (Shaw and
Edwardson 1994). Sea levels rose to -4 m at Eastport by approximately 5,500 years
BP, and by 3,000 years BP sea level was -0.7 m below present (Shaw and Forbes
1990). Shaw and Forbes (1990) suggest that present sea levels were reached
approximately 2,000 years BP and that there has been very little change since this

time.
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Chapter 8

Permafrost and Periglacial Activity

8.0 - Introduction

Identification of fossil structures associated with permafrost within
Newfoundland is rare, and there are relatively few documented examples of
periglacial activity. During the 1970’s, Quaternary research in Newfoundland by
Brookes (1971), Eyles (1977), and Tucker (1979) identified structures interpreted as
ice-wedge casts.

Brookes (1971) described ice-wedge casts from two locations on the west coast
of Newfoundland. One cast was found at St. David’s, and several others were
described at York Harbour. The casts were formed in well-sorted, bedded, sandy and
pebbly gravel associated with coastal marine deposition, and were filled with a
mixture of the swirounding and overlying sediment. Some bedding was apparent in
the ice-wedge casts at York Harbour, as the gravel at this site was more permeable.
Casts at both Iocations were typically 40 to 60 cm wide, and 1.8 to 2.5 m deep.
Brookes (1971) concluded that for ice-wedges to form in coarse, permeable material
at these sites the sediment would have to be frozen to prevent water movement.

Eyles (1977) identified several ice wedge casts from Birchy Bay, northeast of

Lewisporte. The wedges developed in fine-grained sediments that underwent
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postdepositional deformation and faulting before the formation of the ice-wedge casts.
The main ice-wedge cast had a maximum width of 2.5 m and was 2 m deep. Infill
and small normal faults around the margins of the wedge structure record the
degradation of the ice-wedge. The wedge formed after the main period of faulting,
due to its transection of the surrounding fault planes. Eyles (1977) attributed the
large size of ice-wedge casts in the Birchy Bay area, compared to the smaller casts
found on the west coast by Brookes (1971), to the fine grained sediments which are
more suitable for ice-wedge development, given their "low permeability and enhanced
water retention” (Eyles, 1977, p2804).

Tucker (1979) described ice-wedge casts from two sites on the Burin
Peninsula, southeast Newfoundland. Near Swift Current, an ice-wedge cast 2.7 m
wide and 2.4 m deep was identified within trough cross-bedded and ripple laminated
glaciofluvial sand and gravel. The infill of the wedge structure was similar to that of
the host material and there was some stratification. The bedding surrounding the cast
was upturned, one of the characteristics of true ice-wedge casts (Black 1976).

The second cast was located 2 km southeast of Dunn’s Pond and was situated
in "contorted and slumped cross and parallel-bedded, sand and gravel” (Tucker, 1979,
p198). The wedge structure was 2.6 m deep and 70 cm wide, and the perimeter of
the cast was characterized by a cemented Fe-Mn shell. The top 80 cm of the infill
was chaotic and slumped, and the lower 1.8 m had sub-horizontal sand beds, similar

in grain size to that of the surrounding material.
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More recent work by Liverman and St. Croix (1989), Liverman er al. (1991),
Scott (1993), Batterson (In preparation), and Liverman ez al. (In preparation) has
identified ice-wedge casts in other parts of Newfoundland. Liverman and St. Croix
(1989) identified three wedge structures in deltaic sand deposits near Baie Verte
Junction. The casts were 1.5 m deep, up to 2 m across, and filled with structureless
pebble gravel. Many of the clasts within the wedge structures were aligned with
near-vertical long axes. Sand beds sloping at high angles parallel to the side of the
casts were contorted due to deformation as the ice-wedges were formed.

Liverman et al. (1991) studied the Quaternary geology of the Springdale area
and identified several wedge structures 80 to 100 cm deep and a maximum of 40 cm
wide, tapering to 1 cm at the base, on the northern side of Indian Brook valley. The
ice-wedge casts were formed in planar bedded, well-sorted, medium sand. The infill
of the casts was moderately to poorly sorted gravel, similar to that of the overlying
material, and showed some internal stratification parallel to the sides of the wedge
structures.

Scott (1993) analysed the glaciofluvial and raised marine deposits adjacent to
Route 340, near Lewisporte. An ice-wedge cast, 3 m deep and 5 to 40 cm wide, was
identified within interbedded sand and gravel. Beds on either side of the cast were
vertically deformed. Pebbles within the upper part of the wedge were randomly
aligned, whereas those near the base of the wedge were aligned with the long axes

approximately vertical.
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Several ice-wedge casts have been recognized by Batterson (In preparation)
south of Pasadena in small gravel pits, at an elevation of 135 m above sea level. A
well-defined wedge structure, 20 cm wide and 1.5 m deep, was formed in planar
bedded, poorly sorted sand and gravel. Clasts along the margins of the wedge were
vertically aligned, and the centre of the wedge was filled with structureless sand and
gravel. Smaller ice-wedge casts in South Brook valley were 30 to 40 cm wide, 50 to
60 cm deep, and were filled with poorly sorted sand and gravel. These wedges
truncated interbedded moderately sorted sand and gravel. Along the margins of the
wedges, the beds were deformed and dipped parallel to the wedge sides.

Six ice-wedge casts found in an active gravel pit south of Botwood, were
described by N. Catto (Department of Geography, Memorial University of
Newfoundland, pers. comm.) and Liverman ez al. (In preparation). The wedges have
a maximum width of 1.5 m and are 1.5 t0 2.5 m deep. The surrounding material was
horizontally bedded, well sorted coarse to fine sand, while the wedge was infilled
with moderately sorted granule to pebble gravel, similar to the overlying sediment.
Internal stratification within the wedge was parallel to the wedge sides, and the long
axis of many of the clasts were approximately vertical. The surrounding strata were

deformed and dipped gently towards the cast.
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8.1 - Ice-wedge Casts in the Terra Nova National Park area

Two gravel pits in the vicinity of Terra Nova National Park contain structures
interpreted to have formed in a periglacial environment. The first was found
approximately 3 km north of Port Blandford (A19).

A well-defined wedge structure (Plate 8.1) was formed in planar interbedded
medium to coarse sand and silt. Most of the individual beds coarsen upwards from
silt to sand, or from medium sand to coarse sand with scattered small pebbles. The
wedge is a maximum of 0.7 m wide and 1.35 m deep, and the west side of the wedge
is clearly differentiated from the host material by vertically aligned clasts along the
margin (Plate 8.1). The infill of the wedge is coarser than the surrounding material,
and was apparently derived from the overlying sediment, although the sediment has
been disturbed. There is some internal stratification parallel to the sides of the
wedge. Where beds of the host material make contact with the wedge structure, they
are deformed and dip parallel to the margins of the wedge. The east side of the
wedge appears to contain coarser material than the western side. The wedge is light
brownish red in contrast to the host material, and it is suggested that due to the
movement of water through the more permeable infill material, the sediment within

the wedge has become stained with iron (cf. Svensson 1988; Walters 1994).
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A second wedge structure was identified at Southwest River, approximately §
km south of Port Blandford. The wedge is found within a silty sand diamicton with a
variety of clast sizes, and it protrudes at a high angle from the exposure face. It is
65 cm long and 60 cm wide. The sediment within the wedge is very similar to the
host material, although there are more clasts present in the infill, aiding in the
identification of the wedge structure. Many of the clasts in the wedge are vertically
aligned. This suggests that the infill was derived from overlying sediment, although
there has been some soil development above the wedge. The host and wedge material
are very similar and therefore it is not possible to identify conclusively any
deformation of the host material. The base of the wedge extends into sandy sediment

below, and again there appears to be no definite deformation of this host material.

8.2 - Discussion

The wedge structures described above are thought to be casts of former ice-
wedges. The morphology and sedimentology of these wedges correspond to the
criteria established by Black (1969, 1976, 1983). With the melting of the ice within a
wedge, material lying above the ice-wedge should fall into the space created by the
melting ice. The ice-wedge would seldom melt completely before sediment was
deposited within the wedge, and therefore as overlying material falls into the wedge it
becomes foliated. The foliation is parallel to the sides of the wedge, and may extend

across the base of the wedge (Black 1969; Walters 1994).
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A second diagnostic feature of ice-wedge casts is the deformation of sediment
surrounding the wedge. As the ice-wedge grows it may create pressure on the
surrounding sediment, causing this sediment to be deformed. Beds of the surrounding
sediment may be pulled down as the ice-wedge grows, and frequently become parallel
with the margins of the wedge (Black 1983). This may also occur if the frozen
material surrounding the wedge thaws and sinks downwards before the wedge can be
infilled with secondary material (Walters 1994). The enclosing sediment may also
exhibit upturning at the margins of the wedge. Drifting sediment collects in the
wedge as it grows, and this creates a space problem during the summer as the
permafrost melts and expands. This forces excess material around the wedge to the
surface (Black 1976, 1983; Watson 1981; Walters 1994). Although deformation of
these marginai beds can be obscured, small pebbles within the sediment may be

realigned and serve to indicate the deformation.

8.3 - Palaeoclimatic Implications

Ice-wedge casts are one of the most diagnostic features of permafrost and have
been used in many studies to infer past climatic regimes (Burn and Smith 1983; Péwé
1966). Many of these areas now experience a temperate climate and are no longer
influenced by permafrost, however palaeoclimates can be inferred using data collected
in areas currently experiencing permafrost conditions. Péwé (1966, 1973) and

Hamilton er al. (1983) studied present permafrost conditions to determine the mean
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annual air temperature (MAAT) that is required for ice-wedges to form. Péwé (1973)
conducted most of his research in central Alaska and suggested that ice-wedges would
form only in areas of continuous permafrost where "the ground must cool at a certain
rate for a certain period of time in a winter cold snap” (p18). He proposed that the
MAAT must be at least -6 °C to -8 °C, and at these temperatures the ground will
thermally crack and ice-wedges will begin to form (Péwé 1966, 1973). Ice-wedges
can form in discontinuous permafrost zones, but they are usually inactive and were
probably formed when the climate was cooler and the area was part of the continuous
permafrost zone (Péwé 1973). Péweé concluded that the identification of ice-wedge
casts in temperate areas provided evidence for the existence of permafrost conditions
around the margins of the Wisconsinan ice sheet, and that the MAAT at that time
must have been at least -6 °C to -8 °C.

Hamilton er al. (1983) studied active ice-wedges in Alaska and proposed that
the MAAT does not need to be as low as that proposed by Péwé (1973) for ice-wedge
formation and growth, and that the location and type of sediment in which the ice-
wedges grow may be influencing factors. The MAAT at the sites was -3.5°C, 3 °C
warmer than that suggested by Péwé (1973). The wedges formed and grew in peat
bogs which are usually cooler than the surrounding land, and their location at the base
of a slope encouraged the drainage of colder air into the depression (Hamilton ez al.
1983). Hamilton er al. (1983) concluded by proposing that active ice-wedges can

form and exist in areas where the MAAT is 3 °C warmer than that proposed by Péwé
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(1973), but that due to the topography in which the ice-wedges were found, care must
be taken when inferring a regional climate.

Harry and Gozdzik (1988) discussed the formation of ice-wedges, their
transformation as they thaw, and their palaeoenvironmental significance. They
recognized that permafrost conditions are required for the development of ice-wedges,
but that there are several problems when trying to reconstruct the environment in
which they were formed. The first is the relationship between the mean annual air
temperature and active ice-wedge growth. Péwé (1966, 1973) proposed a MAAT of
-6 °C to -8 °C, whereas Washburn (1973) suggested -5°C, Hamilton er al. (1983)
proposed -3 °C, and Mackay (1975) thought that infrequent cracking may occur when
the MAAT was slightly below 0°C. The second is that other site-specific factors may
be involved including the rate at which the temperature drops, microclimatic effects
and the depth of snow cover over the ground surface (Harry and Gozdzik 1988).

Mackay (1992) discussed the frequency of ice-wedge cracking on Garry Island,
western Arctic coast, between 1967 and 1987. His results from various parts of the
island showed that the frequency of ice-wedge cracking varied from site to site and
that factors other than the air temperature, and the rate at which the air temperature
fell, must be involved. Mackay (1992) concluded that snow cover was an important
factor and that if the snow was deep enough, the permafrost would be insulated and

the frequency of ice-wedge cracking would be reduced.
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Several authors have tried to use the size of ice-wedge casts to infer the
duration of the climatic event that formed them (Eyles, 1977; Johnson 1990; Burn and
Smith 1993). Based on his work in the N.W.T (Mackay 1986) and Alaska, Mackay
(1992) concluded that smaller wedges that crack infrequently may be much older than
larger wedges that crack frequently. The result is that ice-wedge casts can be
unreliable indicators of time and that the duration of activity cannot be determined
from the wedge size. Milder winters or increased snow cover may prevent cracking
of ice-wedges, and therefore once the ice melts, the cast that forms may be smaller
than that expected for the length of time that the ground was frozen.

The ice-wedge casts identified in Newfoundland indicate that periglacial
conditions did exist at some time after glacial retreat. The present MAAT at the
southern boundary of the discontinuous permafrost zone in southern Labrador is -1 °C,
and isolated patches of discontinuous permafrost currently exist in the highest areas of
the Long Range Mountains (Heginbottom er al. 1995). Current MAAT temperatures
throughout Newfoundland range between 2 °C and 5 °C, and therefore it would not
take a significant drop in temperature for frost cracking to occur (Liverman et al. In
preparation). The suggested MAAT for ice-wedge formation and growth ranges from
-6 °C (Péwé 1973) to -1°C (Mackay 1992), which indicates that ice-wedges may form
in areas of discontinuous permafrost which are characterized by occasional winters
with abnormally low temperatures, and limited snow cover. Once the ice-wedges

have formed, they do not require low temperatures to persist (Mackay 1992). This
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suggests that temperatures may not have had to fall as much as 10°C lower than the
present, as Eyles (1977) suggested, for ice-wedges to form in Newfoundland.

The amount of snow cover is a critical factor in the development of ice-wedge
cracks in the modern environment. Mackay (1992) suggests that areas experiencing
less than 50 cm of snow throughout the year may be suitable for the growth of ice-
wedges if the temperatures are low enough. Under present conditions the volume and
persistence of snow, and the temperatures experienced in Newfoundland are enough to
prevent the formation of ice-wedges. At Terra Nova National Park the daily mean
temperature in February is -6.6°C, and an average of 53 cm of snow accumulates per
month between December and April (AES 1993). The presence of ice-wedge casts in
Newfoundland indicates that the winter climate was drier and colder in the past than it
is today.

Ice-wedge casts throughout Newfoundland are developed in similar sediments
(Liverman et al. In preparation) and at similar stratigraphic positions suggesting that
they were all developed within a single broad period of climatic cooling that affected
the exposed coastline of the island. At the end of the last glaciation, sea levels
dropped and newly exposed unvegetated terrain was subjected to colder, and drier
winters (Liverman et al. In preparation). Most of the ice-wedge casts in the vicinity
of Terra Nova National Park are found at coastal locations. The areas are relatively
flat and low-lying, and their exposure to the coast ensures that they are currently not

affected by a prolonged snow cover due to the windier conditions experienced in these
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areas. There are, however, many similar sites which show no evidence of periglacial
processes. Permafrost in this area is thought to have been discontinuous, governed by

topography and microclimatic conditions.
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Chapter 9

Holocene

9.0 - Introduction

Deglaciation of the Island of Newfoundland was completed between 10,000
and 8,000 years ago (Rogerson 1982; Anderson and Macpherson 1994), and since this
time it has experienced climatic change that has influenced vegetation growth, and
isostatic recovery that has affected coastal and fluvial processes throughout the Island.
Many of the present features and vegetation have already been discussed in previous
sections (e.g. physiography, soils and vegetation). However, it is important to realise
that the climate and physiography continue to change even after the direct influence of

the ice caps has disappeared.

9.1 - Climate Change

Macpherson (1981, 1995), Davis (1984, 1985, 1993) and Irwin (1993) have
reconstructed Holocene climatic changes by pollen analysis and “C dating of lake and
peat sediments. The development of peat did not begin immediately after
deglaciation, and therefore these records are commonly truncated at the base
(Macpherson 1981). Early Holocene climatic changes are consequently reconstructed

from lake sediments.

220



Macpherson (1981, 1995) analysed and dated pollen grains from lake cores
located throughout Newfoundland. One lake core was analysed by Wolfe and Butler
(1994) from Pine Hill Pond in Terra Nova National Park. The latter study
concentrated on the late-glacial environment rather than the Holocene, and only
briefly mentioned that by 9,000 years ago mixed forest communities had become
established. Given the lack of data from the Terra Nova National Park area, lake
sediments from Central Newfoundland are assumed to be comparable with lake
sediment deposition within western areas of the Park (J. Macpherson, Department of
Geography, Memorial University of Newfoundland, pers. comm. 1996). The earliest
tree pollen recognized within central Newfoundland were white spruce (Picea glauca)
and balsam fir (4bies balsamea), and these replaced shrub birch (Betula spp.) heath at
approximately 9,500 years BP (Macpherson 1995). Temperatures and the length of
the growing season continued to increase after deglaciation, and by 8,500 years BP
boreal forest, including red pine (Pinus resinosa), had rapidly expanded over much of
the interior (Macpherson, pers. comm. 1996). Coastal areas continued to be
dominated by shrub birch due to the influence of low ocean temperatures, however,
by 5,500 years BP ocean surface temperatures had risen and black ash (Fraxinus
nigra) had expanded into northeast Newfoundland (Macpherson 1995).

Approximately 4,500 years ago the climate started to cool and deteriorate, and there
was a reduction in pine (Pinus spp.) adjacent to coastal sites as ocean temperatures

decreased. Since 4,000 years BP summer temperatures and the growing season have

221



continued to decrease, and moisture has steadily increased. This is reflected in the
decrease of red pine and black ash, both of which prefer a slightly drier climate, and
an increase in speckled alder (Alnus rugosa), sweetgale (Myrica gale), grasses and
sedges, and sphagnum, all of which prefer wetter and cooler habitats (Macpherson,
pers. comm. 1996). Vegetation today in Terra Nova National Park is dominated by
black spruce (Picea mariana), with lesser amounts of balsam fir, white spruce, white
birch (Betula papyrifera) and trembling aspen (Populus tremuloides). Red pine has
been extensively cut throughout the past 150 years and therefore no longer grows in
central Newfoundland, however it has recently been replanted in north-central
Newfoundland.

Davis (1984, 1985, 1993) and Irwin (1993) discussed the development of
peatlands in Newfoundland, and how their formation was related to climatic change.
Peatland formation requires a surplus amount of water that occurs with high
precipitation, relatively low temperatures, and high relative humidities (Wells and
Pollett 1983; Davis 1984, 1993). Pollen analysis from bogs and lakes indicates that
prior to 3,000 years BP, Newfoundland was mainly covered in trees, and that
peatlands had a limited extent (Davis 1984, 1993). After this time there was a rapid
change in the regional vegetation due to a climatic deterioration. Peatlands quickly
developed and expanded by paludification over mineral substrates that had previously

supported boreal forest (Davis 1984, 1985, 1993).
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Lake and bog stratigraphy throughout Newfoundland indicates that
Newfoundland experienced a mid-Holocene hypsithermal between 6,000 and 4,000
years BP, approximately 2,000 years after central North America. Macpherson
(1981) and Davis (1984) suggested that the lag in the climatic optimum was due to ice
remaining over Labrador until 6,000 years BP and the cold Labrador Current.
During the Hypsithermal most of Newfoundland was covered by boreal forest,
although coastal locations may have been characterized by shrub birch. Since 4,000
years BP the climate has steadily deteriorated, becoming colder and wetter and
providing the ideal conditions for peatlands to develop. Large areas within Terra
Nova National Park, notably Gros Bog and Saltons Marsh, are typical of these
peatlands. Macpherson (1995) suggested that the lower temperatures and increased

moisture were initiated by a decrease in ocean surface temperatures.

9.2 - Coastal Development

Most of the coastline of Terra Nova National Park is characterized by bedrock
which forms cliffs that rise directly out of the sea. Beaches are restricted to small
bays where sediment is trapped (e.g. Dumpling Cove, Bread Cove and Platter Cove),
or where there is an ample supply of sediment, as at the base of raised marine
features (e.g. Sandy Cove [Plate 9.1], Eastport Beach and Buckley Cove). Deposition
and erosion of the raised marine features and the subsequent beach formation is a

result of sea level changes throughout the Holocene. Shaw and Forbes (1990, 1995)
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discussed the sea level history of northeast Newfoundland. They suggested that the
raised marine features were formed when sea level was higher than present at the end
of deglaciation approximately 12,000 years BP. Due to isostatic recovery sea level
dropped below present levels to -17 m by 8,600 years BP (Shaw and Edwardson
1994), and by 5,490 years BP sea level had risen to 4 m below sea level.Shaw and
Forbes (1990) indicate that by approximately 2,000 years BP sea level had reached its
present position.

Sediment spits are presently being formed at the mouths of Terra Nova River
and Cobblers Brook. Their formation suggests that large amounts of sand are being
transported down the rivers. Due to longshore drift, the sediment is moved along the
shore in a southwesterly and northeasterly direction, respectively, forming spits rather

than deltas.

9.3 - River Incision

Rivers pass through large volumes of glaciofluvial sediments within Terra
Nova National Park and vicinity. As sea level has risen and fallen due to the melting
of the ice caps and isostatic recovery, the rivers have had to adjust to new base
levels. Several rivers have cut through the glaciofluvial deposits and are now flowing
within valleys with banks 30 m high on either side (e.g. Northwest Brook, Terra
Nova Brook and Big Brook). The fine-grained sand is carried downstream and is

deposited in estuaries (Forbes 1984) where rivers, such as Southwest Brook and Big
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Brook, debouch into the sea. Due to the large quantities of glaciofluvial material in
the area, rivers within Terra Nova National Park and vicinity tend to be braided, and

continue to incise into the glaciofluvial material.
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Chapter 10

Conclusions

10.0 - Quaternary History

Reconstruction of the Late Quaternary history of Terra Nova National Park
and vicinity is important for the overall understanding of the Quaternary history of the
Island. By reconstructing the glacial history of small study areas, like Terra Nova
National Park, local ice-flow movements are recognized and these may differ from
the regional ice-flow directions.

There is no firm evidence to suggest that any of the landforms or deposits
throughout Terra Nova National Park and vicinity are older than the Late
Wisconsinan. The striations are relatively fresh, especially where they are covered by
a thin layer of sediment, and erratics within the valleys and on the hill summits are
unweathered. Brookes (1989) identified a small unglaciated plateau at the tip of the
Bonavista Peninsula that was covered by felsenmeer. The summits within the study
area are free of felsenmeer and this indicates that during the Late Wisconsinan glacial
ice covered the entire study area leaving no nunataks protruding above the ice

surface.
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Terra Nova National Park and vicinity were influenced by one main ice-flow
event throughout the Late Wisconsinan. At the maximum of the last glaciation,
approximately 20,000 years BP (Table 10.1), glacial ice extended out onto the
continental shelf as a grounded ice sheet (Cumming er al. 1992). Glacial landforms,
such as flyggbergs, roches moutonnées, crag and tails, and striations, all indicate a
regional ice-flow direction towards the northeast.

Glacial deposits throughout the study area also reflect the northeasterly
movement of glacial ice. Erratics are found within almost all the deposits. Terra
Nova Granite is the most distinctive erratic, and its source is west/southwest of Terra
Nova National Park, near the village of Terra Nova. The presence of these erratics
within the sediments and on the surface of the land indicates that glacial ice moved
across the bedrock source and continued in a northeasterly direction before depositing
its load. Four sites studied in detail deviate from the general northeast transport
pattern. They indicate that there are local ice-flow directions within the overall
pattern. These deposits are preserved only locally due to reworking, the shortage of
sediment, and erosion. Although the tills at Alla, A21 and A14 were deposited by
local ice-flow directions, the high percentage of Terra Nova Granite and other erratics
within these deposits indicates that the main ice flow direction was towards the

northeast.
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Time (BP)

~5,000

5,490
8,600

~ 10,000

11,300

12,400

12,790

13,000

20,000

= ==

Event

Cool climate.
Rising sea levels.

Climatic optimum followed
by climate deterioration

Sea level stand at -4 m

Sea level minimum at -17 m

Ice wedge formation
(Younger Dryas)
Deposition of inorganic bed
in organic lake sediments

Sea level stands 27, 21 and
15 m asl

Deposition of shells at St. Chad’s.
Marine limit of 38.5 m asl

Ice retreats to inland position.
"Normal” marine conditions outer
Bonavista Bay.

Ice retreats to present coastline.
Underlying topography increasing
effect on ice flow directions.
Sparse vegetation on land.

Ice shelf over Bonavista Bay.
Onset of deglaciation.

Late Wisconsinan maximum.
Regional ice flow direction towards
the NE. Grounded ice sheet in
Bonavista Bay.

Macpherson (1995)

Macpherson (1995)

Shaw and Forbes (1990)

Shaw and Edwardson (1994)

Ice wedges at Port Blandford
and Southwest River.

Wolfe and Butler (1994)
Macpherson (1995)

Terraces at Charlottetown and
raised marine sediments at Port
Blandford

Liverman (1994)
Deltas at Traytown and Sandy
Cove. Dyke (1972)

Cumming et al. (1992)

Cumming et al. (1992)
Striations and deposition of
basal tills (Alla, A21, Al4)

Cumming er al. (1992)

Grant (1989)

Table 10.1 - Chronology of Terra Nova National Park and vicinity, northeast Newfoundland
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The northeasterly trend of landforms and glacial erratics throughout Terra
Nova National Park conforms with the glacial history of the Bonavista Peninsula
(Brookes 1989) and the Gander area (Vanderveer and Taylor 1987). The three areas
indicate radial flow away from an ice centre located over Middle Ridge (Rogerson
1982; St. Croix and Taylor 1991).

As deglaciation commenced an ice shelf rapidly developed in Bonavista Bay,
and by 13,500-13,000 years BP the ice margin had retreated in a southwesterly
direction to the present shoreline, creating "normal” marine conditions in outer
Bonavista Bay. Jenness (1960, 1963) proposed that the ice retreated fairly rapidly
and formed a stable ice front inland from the coast. Jenness (1960) identified an end
moraine that stretched from Gambo, along the east end of Maccles Lake and Terra
Nova Lake, south towards Gisborne Lake near the south coast of Newfoundland. The
glaciofluvial deposits analysed support the deglacial history suggested by Jenness
(1960). The coarse clast-supported deposits at A11b and A9 are interpreted to have
been deposited in ice-proximal braided streams. They indicate that the ice retreated
in a southwesterly direction. The meltwater streams first deposited coarse grained
sediments west of Glovertown (A9), and as the ice retreated the coarser sediments
were deposited farther inland in Big Brook valley (A11b). Glaciofluvial terraces in
Big Brook valley suggest that large quantities of sediment were deposited by
meltwater streams. Subsequent incision of these deposits by glaciofluvial or fluvial

rivers resulted in the formation of the terraces.
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Jenness (1960, 1963) identified an esker belt directly west of the end moraine.
He observed that eskers commonly form close to granitic bedrock, and that their
orientation was similar to that of the regional ice flow direction. Six eskers were
identified in Big Brook valley and close to Terra Nova Lake. Eskers form near the
ice front and provide an idea of possible terminal ice positions as the ice retreated.
During deglaciation, there may have been as many as five major stillstands in the
study area as the ice retreated towards the southwest.

Marine shells were found 14 m asl at St. Chad’s and were dated to 12,400
years BP. Other evidence pertaining to a2 marine incursion are the raised deltas at
Eastport/Sandy Cove and Traytown, and the marine sediments at Port Blandford (A18
and A19). The sediments at Port Blandford are characterized by horizontally bedded
and deformed marine clay, silt and sand, overlain by alternating beds of silty-sand
and sand. The sequence represents falling sea level. The deltas at Eastport/Sandy
Cove and Traytown were fed by meltwater streams that originated at an ice margin
close to Terra Nova Lake. Trough cross-bedding was identified at two sections (A6
and A10a) close to the top of the Traytown delta. The sections are approximately 2
km apart and the sediment becomes finer downstream, indicating that the deposits
were part of the same braided stream system. The Traytown delta has no modern
fluvial deposition on its surface and therefore the sediment was deposited when sea

level was at or close to the marine limit. Ponded sediments (A10b) close to the
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trough cross-beds at A10a were deposited during floods when meltwater from the
main river overflowed into a depression adjacent to the main river channel.

The shells found at St. Chad’s are typically found in shallow cool arctic water
between 2 and 45 m deep, although they can range to a depth of several hundred
metres (Dyke et al. 1996). I suggest that the shells and the 30 m raised deltas at
Eastport/Sandy Cove and Traytown were deposited contemporaneously. This implies
a minimum age of 12,400 years BP for the formation of the deltas and the marine
limit of 39 m asl.

The post-glacial marine limit in Terra Nova National Park and vicinity is
similar to that postulated by Dyke (1972). The maximum recorded marine limit in
northeast Newfoundland increases from 26.5 m on the Bonavista Peninsula (Brookes
1989) to 58 m at Botwood (Mackenzie and Catto 1993), and 75 m at Springdale
(Scott et al. 1991). The raised marine features in the study area correspond well with
a progressive increase in elevation of raised marine features towards the northwest,
reflecting the influence of the Laurentide Ice Sheet.

At approximately 12,400 years BP sea level stood at the marine limit and the
terminus of the ice is thought to have been directly west of the stillstand position
postulated by Jenness (1960, 1963). I suggest that a large proglacial Terra Nova
Lake acted as a sink for the coarse grained sediment that was transported from the ice
front into the lake by meltwater streams. Beyond the lake a sandy braided river

developed depositing the sediments now exposed at A12 and A1S5. These sand
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deposits are characterized by horizontal beds, trough cross-beds and climbing ripples
indicating flow towards the east/northeast.

By 11,300 years BP sea level had fallen below 15 m asl and the deglacial
climatic warming was interrupted by cooler conditions. With a fall in sea level the
rivers throughout the study area had a lower base level to grade to causing them to
incise into their beds. This initiated the terrace formation in the sandy deposits at
Al2 and Al15. The cooler climate was recorded in lake sediments throughout
Newfoundland by the interruption of organic sedimentation with an influx of inorganic
sediments (Wolfe and Butler 1994; Macpherson 1995). Dating of organic deposits
below and above the inorganic layer indicated that the sediment was deposited
between 11,000 and 10,000 years BP (Anderson and Macpherson 1994). Ice-wedges
found in the exposed marine deposits at Port Blandford (A19) are thought to have
formed during this cool period. Both the inorganic lake sediments and the ice-wedge
casts represent a climatic cooling event that is thought to correspond with the Younger
Dryas.

Recent research throughout Atlantic Canada has provided other evidence for a
Younger Dryas cool period. Pollen assemblages from peat beds and lake cores in
Nova Scotia and New Brunswick record a reversion back to tundra-like flora at the
expense of arboreal vegetation (Stea and Mott 1989; Mayle and Cwynar 1991). Many
of the peat beds are truncated by minerogenic sedimentation, and some are overlain

by glaciogenic deposits indicating that there was a readvance at this time (Stea and
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Mott 1991; Mott and Stea 1993). Other ice-wedge casts have been identified recently
in raised marine sediments and glaciofluvial sediments throughout Newfoundland
(Liverman et al. In preparation). Their location and stratigraphic position indicates
that they developed after the Late Wisconsinan ice had retreated and subsequent to the
initial postglacial marine transgression. This suggests that the ice-wedge casts were
formed between 11,200 BP and 10,400 BP (Liverman et al. In preparation).

The climate rapidly warmed after 10,000 years BP and final deglaciation of the
study area probably took place soon after this time. Sea level continued to fall
resulting in the formation of the raised deltas and beaches throughout the study area
and by 8,600 years BP sea level had reached a minimum of -17 m (Shaw and Forbes
1990; Shaw and Edwardson 1994). The rivers continued to incise into their
sediments forming raised terraces along the sides of the rivers such as Big Brook and
Terra Nova Brook.

As the temperatures rose and the growing season lengthened the vegetation
changed from a herb-dominated tundra to red pine and boreal forest in the interior
and shrub birch at coastal sites (Anderson and Macpherson 1994; Macpherson 1995).

Sea level had risen from its minimum to 4 m by 5,490 years BP (Shaw and
Forbes 1990) and Terra Nova National Park and vicinity were dominated by boreal
forest during the climatic optimum at about 5,000 BP (Macpherson 1995).

For the past 5,000 years the climate has steadily deteriorated becoming cooler

and wetter (Macpherson 1995). The rivers have experienced an increase in discharge
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and commonly flood the surrounding land creating low river terraces adjacent to the
modern rivers. Ponds throughout the area may also have increased in size due to the
cooler and wetter conditions, although an increase in beaver activity may also be
responsible. Throughout Terra Nova National Park and vicinity the cooler and wetter
climate has encouraged wetland development (Davis 1984, 1985, 1993), creating large

wetland areas such as Gros Bog and Saltons Marsh.

10.1 - Suggestions for Future Work

Detailed regional studies throughout Newfoundland are important for the full
comprehension and establishment of the glacial history and post-glacial sea level
changes associated with the Island. Newfoundland was dominated by several ice
centres during the Late Wisconsinan maximum and it is essential 10 recognize the
different ice flow directions associated with each ice centre. Adjacent regions may
have been influenced by separate ice centres and detailed analysis may identify more
local ice flow directions. Small parts of northeast Newfoundland have recently been
studied by Mackenzie and Catto (1993), Scott (1993) and Munro (1994), however the
area between Carmanville and Glovertown has had relatively little attention. Detaiied
studies in the regions surrounding Musgrave Harbour, Wesleyville and Gambo would
provide a complete and thorough understanding of the Late Quaternary history of

northeast Newfoundland.
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Glaciofluvial deposits are important for reconstructing the deglacial history of
an area. Some parts of the study area, notably Big Brook valley and the eastern end
of Terra Nova Lake, have a complex assemblage of glaciofluvial landforms and
sediments. Areas directly adjacent to these features require detailed analysis. This
would facilitate the establishment of ice marginal positions as the ice retreated. It
would also provide a greater understanding of the meltwater systems that operated in
Big Brook valley and the Terra Nova River valley.

I have proposed in this thesis that a proglacial lake existed in the area now
occupied by Terra Nova Lake. Further research is required around the margin of the
lake to identify flat-topped terraces that may represent deltas or outflowing river
deposits. These sediments may be incised due to a fall in sea level causing the rivers
to downcut into their sediments and the lake level to fall. The deltas should be coarse
grained especially close to the western end of the lake where the ice margin may have
been located. [ suggested that the lake acted as a sink for the coarse grained sediment
that was deposited directly off the ice front or by meltwater streams entering into the
lake. Detailed analysis of the sediment within the lake itself should determine if the
lake was a sink for the coarser sediment.

The information in this study must be combined with other regional studies
throughout Newfoundland to improve the overall understanding of the Quaternary

history of Newfoundland.
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Appendix 1

Location of Striation Sites and Striation Orientations
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Site

LV I -V I

10

11

12
13

Location

970 927 - 967 936(NTM) | 294%, 316, 319, 320%, 321, |

322, 323%, 326, 334, 340* |
003(2), 004(2), 009(2)

113 585 153, 260, 296, 300 }

818 768 295 |

825 846 309

927 939 311, 313, 318, 324, 325, 331,
343, 335 |

947 929 338, 348, 349, 350, 358, 359, |
000 |

974 944 130, 135, 140, 141, 145, 149 !

964 943 009, 026, 045, 320, 325, 336,
339, 342, 348, 350, 353, 356

960 950 308, 312, 320

958 965 305, 309, 314, 315, 317, 321,
322, 325

158 942 302, 308, 309, 310, 312, 314,
315, 316, 319

162 935 281, 302, 307, 310, 315, 332

828 873 284* 293, 298, 314, 315, 325

Striation measurements from all sites in Terra Nova National Park and vicinity -
See Figure 4.1 in the pocket at the back of the thesis for striation locations.
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Location Orientation(®)

159 943 230, 231, 241*, 245*, 258, 259,
260, 262

794 803 279, 286, 287, 293, 294, 296*,
298, 301*, 305

151 673 000*, 010*, 240*, 265, 303, 306,
309, 312, 319%, 320, 331, 340%*,
354

142 674 284, 285*, 290, 299, 300, 303,
305, 306, 308

140 677 298*, 300*, 301, 30S, 306*,
308+, 309, 310*, 311, 313, 341,
351*

984 907 000, 001, 002, 004*, 005, 007,
009, 012, 015, 334, 336, 342,
351, 355

801 917 302, 305, 306, 309, 310*, 311,
316, 318, 321, 323, 332, 340*
335(2), 343(2), 346(2)

—_— e

Striation orientations from all sites in Terra Nova National Park and vicinity -
See Figure 4.1 in the pocket at the back of the thesis for striation locations.

* Nailhead striations

(2) Indicates cross-cutting striations that are younger in age
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Appendix 2
Textural and Lithological Data from Tills in

Terra Nova National Park and vicinity
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997

Lithology

Fabric

Site TNG HSG

K

39 18

39 32

41 45

35

22

41

32

Clast lithology, shape and fabric determinations for the till sites analysed in

TNG - Terra Nova Granite

HSG - Hare Bay and Square Pond Gneiss

M - Musgravetown Sandstones,

Conglomerates and Volcanics

Terra Nova National Park and vicinity

E - Equants
R - Rollers

B - Blades
Or - Orientation

P - Plunge





















