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ABSTRACT

The Carmanville {NTS 2E/8) area is located in northeast Newfoundland. It is
marked by a complex assemblage of sediments and landforms. These are in
order of diminishing areal importance: till which has a variety of geomorphic
expressions such as veneers, hummocks, ridges, and lineations; organic
deposits; glaciofluvial sand and gravel (also meltwater channels); colluvial
sediment; and fluvial deposits.

Four ice flows are detected in the area: successively eastward,
northeastward, northwestward, and northwestward. These are all argued to be
Late Wisconsinan in age. Retreat and down-wasting of the third ice-flow,
northwestward, was associated with large quantities of meltwater and the
formation of the Ragged Harbour Moraine. This formed shortly after 12,000 BP.
The final ice-flow event (also northwestward) may be correlative with the Younger
Dryas cooling event dated to between approximately 11,000 and 10,000 BP.

Till deposits are mainly formed by northwestward moving ice and are mostly
fine-textured with high percentages of local clasts. They display only minor
regional textural and lithological variations. All tills observed and analyzed are
basal, and most are interpreted as melt-out or lodgment tills.

The Ragged Harbour Moraine in the northeast of the study area is
approximately 15km long and is composed of the most diverse sedimentary
assemblage in the region. High angle-planar cross-bedded gravels, extensively
deformed silts and sands, rhythmically and ripple bedded silts and sands, and
diamictons are present within this complex and occur directly adjacent to each

other. This sedimentary assemblage is interpreted as a sequence of subaqueous
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fans which formed proglacially under rapid sedimentation rates, while ice was
stagnating. Rogen moraines formed contemporaneously with the Ragged
Harbour Moraine. The moraine formation does not represent a lengthy stillstand
of glacial ice.

The marine limit in the area is at least 57m asl (above sea level) based on
emerged marine sediment at Noggin Hill and Wing's Point. Five further major sea
level stands occurred at 52m, 38m, 34m, 17m, and 11m asl indicated by the
presence of emerged beaches. Two terraces at 5m and 2m asl are evident
around most of the coastline but may represent major storm events rather than
being representative of relative sea-level change. These sea-level stands all
occurred between 12,500 and 10,000 BP. Sea levels dropped to below present

during the mid-Holocene and then continued to rise until present times.
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CHAPTER 1
INTRODUCTION

1.1 - INTRODUCTION

Limited Quaternary work has been undertaken in northeast
Newfoundland, and what has been done has concentrated primarily on offshore
sediments. Quaternary research in other parts of Newfoundiand has been
relatively more widespread. For instance, the Quaternary history of regions
including the Northern Peninsula, the Baie Verte Peninsula, Bonavista
Peninsula, parts of the Avalon Peninsula, the Southern Shore, and parts of the
interior, such as Gander and Buchans, is moderately or well understood.

The Carmanville area is one where little work has been done. Detailed
regional analysis of this area will aid in understanding the Quaternary history of

northeast Newfoundiand, and of the Island as a whole.

1.2 - OBJECTIVES

The Carmanville map area (NTS 2E/8) is marked by a complex
assemblage of Quaternary deposits and landforms resulting from glaciation and
sea-level changes. This assemblage was investigated over a three-year period

(1991-1994) with the main objectives being:

1. to describe and map the sediments and landforms of the
Carmanville map area;

2. to determine ice-flow patterns in the area by examining all
erosional and depositional landforms and associated sediments
indicative of ice-flow directions;

3. to determine the glacial history of the area;



4. to determine the sea-level history of the area;

5. to use these data to construct the Quaternary History of the
Carmanville area.

1.3 - LOCATION AND ACCESS

The study area is located in northeast Newfoundiand between 49°15'N
and 49°30'N latitude, and 54°00'W and 54°30'W longitude (Figure 1.1). It lies
approximately 50km north of Gander, includes Gander Bay in the western part,
and extends eastward to the Musgrave Harbour area. Carmanviile, the major
settlement in the area, is located on the coast of Hamilton Sound, in the centre
of the study area. Smaller settlements include Frederickton, Noggin Cove,
Clarke's Head, Mann Point, Aspen Cove, and Ladle Cove.

Access to and within the area is generaily good (Figure 1.1). Route 330
(Gander to Wesleyville) crosses the map area from southwest to northeast.
Other main routes include Route 331 (Clarke's Head to Twillingate) and Route
332 (Frederickton to Carmanville). These roads are all paved. Gravel logging

roads are common throughout the area, and are generally well-maintained.

1.4 - BEDROCK GEOLOGY

A thorough understanding of bedrock geology of an area is important
when trying to determine clast provenance. Any clast found in glacially derived
material is an indicator of mineral and ore deposits and distinctive rock types
(Dreimanis, 1956; Shilts, 1976), and thus aids in determining the approximate
ice flow direction, and the source of an ice mass in a particular study area.

The bedrock geology of the Carmanville area is complex. During the

Cambro-Ordovician, this area formed part of the southeastern margin of the
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lapett.s Ocean (Currie and Pajari, 1981). The area underwent a complex ssries
of sedimentary and deformational processes leading to the collapse of the
continental rise prism, obduction of oceanic crust, and eventual cratonization
(Currie et al., 1980).

The bedrock geology of the area was mapped by Currie et al. (1980),
and has since been the subject of more detailed investigation (Currie et al.,
1981, Pickerill et al., 1981; Williams et al., 1991; Currie 197 . It is dominated by

five main geological assemblages (Figure 1.2). These are:

1. the Gander River Complex (formerly termed the Gander River
Ultrabasic Belt (GRUB)) which was part of the oceanic crust
(Currie and Pajari, 1981);

2. the Gander Group, deposited as part of the continental rise
prism (Currie and Pajari, 1981);

3. the Davidsville Group, formed in an extensive svdbmarine fan
environment by turbidity currents and gravity slides (Currie and
Pajari, 1981);

4. the Hamilton Sound Sequence which was formed in a marine
environment (Currie, 1992); and

5. granitoid plutons.

The Gander River Complex (Unit 1) (Figure 1.2) represents the oldest
rocks in the area (Currie, 1992). Ultramafic rocks in this group include talc-
chlorite schist, pyroxenite, and serpentinite probably derived from dunite or
peridotite (Currie, 1992). Mafic vo'canics include pillow basalts, gabbro, and
pervasively fractured and brecciatwu trondhjemite.

In the Carmanville area the Gander Group (Unit 2) (Figure 1.2) consists
of two main formations. The Jonathan's Pond Formation (Unit 2a) is made up of

green to grey feldspathic siltstone, with beds of coarser, quartzitic sandstone
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and pebble conglomerate. The Cuff Pond Pelite (Unit 2b) consists of biack
pelite and thin beds of grey-green psammite. in some areas near the Ragged
Harbour pluton, the Cuff Pond pelite is metamorphosed and pervasively
deformed. The most common rock types are migmatite, agmatite, amphibolite,
pelite and greenschist. This assemblage is also known as the Flinns Tickle
Complex (Currie, 1992).

The Davidsville Group (Unit 3) (Figure 1.2) is divided into three main
formations (Currie, 1992). The Weir's Pond Formation (Unit 3a) is composed of

red shale and minor quantities of - ‘stone. The Barry's Pond Conglomerate



(Unit 3b) is composed of pebbles from the Gander River Complex in a green
sandy to silty matrix. The Round Pond Siltstone (Unit 3¢) is composed of thick
beds of finely laminated grey to black siltstone and shale.

The Hamilton Sound Sequence (Unit 4) (Figure 1.2) is made up of five
main units. The first is the Woody Island Siitstone (Unit 4a) (bands of dark grey
to green shales and siltstone). These rocks are easily identified due to their
large concentration of manganese-rich beds (Currie, 1992). The second is the
Noggin Cove Formation (Unit 4b) composed of basaltic pillow lavas, tuffs, tuff
breccia, and resedimented volcaniclastics. The Main Point Shale (Unit 4c) is
characterized by black graphitic and pyritic shale which contains graptolites.
Fourthly, the Wing Point greywacke (Unit 4d) is made up of dark grey
greywacke and diamictites related to late Ordovician (Caradocian) glaciation
(Pickerill et al., 1979). The fifth main unit in the Hamilton Sound S:quence is
the Carmanville Mélz ~ge (Unit 4e) which crops out between Gander Bay and
Aspen Cove. The type of rock present is unusual as it displays olistoliths of
sandstone, pillowed basalts, mafic volcanics or volcaniclastics, gabbro,
trondhjemite, and limestone ranging in size from granules to kilometres across,
in a matrix of pyritiferous black shale and silt (Pajari et al., 1979; Williams et al.,
1991).

Granitoid rocks in the area are generally petrographically and chemically
similar (Currie, 1992). Five major plutons crop out in the area (Figure 1.2).
These are the Rocky Bay, Frederickton, Aspen Cove, Ragged Harbour, and
Island Pond plutons. Small parts of the Tim's Harbour and Deadman's Bay
plutons also crop out. The Rocky Bay and Frederickton plutons are composed of

massive biotite granodiorite. The Ragged Harbour and Aspen Cove piutons are



formed of biotite granite, muscovite pegmatite, and quartz-rich muscovite-garnst
pegmatite. The Island Pond Pluton is a pink massive leucogranite. The
Deadman's Bay Pluton is a coarse-grained biotite granodiorite with potassium-
feldspar megacrysts.

Clasts from the Gander River Complex are especially useful in clast
provenance. Mafics and ultramafics from this group are easily recognisable and
minor occurrences of these at some distance either side of the Complex, would
indicate glacial transport. Also of use are clasts from the Barry's Pond
Conglomerate which have a distinct dark green colour and contain pebbles

from the Gander River Complex.

1.5 - PHYSIOGRAPHY

The Carmanville map area lies in the "Northeast Trough" (Zone 9) of
Twenhofel and MacClintock's (1940) physiographic classification for the Island
of Newfoundland (Figure 1.3). It is characterized by low relief, with maximum
elevations reaching 120m asl. This gently undulating zone extends offshore,
where Gander Bay rarely exceeds Sm in depth. Hamilton Sound reaches
maximum depths of 40m, but depths rarely exceed 20m (Shaw et al., 1990).
Long, low-lying elongate ridges cross the map area with southwest-northeast
trends and reflect the underlying bedrock geology (Plate 1.1).

Approximately 35% of the map area is covered by marine waters. and
coastal processes therefore play a major role in the region. Most of the coastline
is bedrock-controlled with low-lying, rocky cliffs. In areas that face the prevailing

northeast waves, the coastline is sediment dominated and beach formation is
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Plate 1.1: General landscape in the Carmanville region looking north
to Ladle Cove. The lowest scarcely vegetated areas are boggy terraces
which are remnants of a higher sea-level. The area is generally low-lying
and flat. The vegetated areas at the immediate coast are relict beach
ridges composed of gravel. The vegetated area in the foreground is a
bedrock ridge with a veneer of till. This has a southwest to northeast
trend, which is reflective of the structural trends of the underlying
bedrock. This photograph was taken in late June when icebergs are
dominant.

common. Such areas include parts of Ladle Cove and Aspen Cove, the eastern
side of Noggin Hill, and the western side of Gander Bay. Areas which face
northwest, away from the local wave direction, are generally devoid of
vegetation, with low-lying cliffs. Cliffs are especially prominent on the western
side of Ladle Cove and the west flank of Noggin Hill.

The Gander River flows from the southwest into Gander Bay, which is
sheltered from wave action. Ragged Harbour River flows from the southwest to
the northeast across the map area into Ragged Harbour. It is a small

meandering river, with a flood plain up to 600m wide.
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Approximately 15% of the Carmanville map sheet is covered by ponds
and 15% by wetland. Wetlands are mainly dominated by sloping fens. There

are also some string bogs and aapa.

1.6 - CLIMATE

The Newfoundland climate is classified as cool boreal with humid and
sub-humid moisture regimes (Agriculture Canada, 1976). The Carmanville
region lies within the "East Coast and Hinterlands Zone" (Banfield, 1981). This
extends from the Sops Arm area on the southern part of the Northern Peninsula
and includes the northern part of the Baie Verte Peninsula, the Twillingate area,
Lewisporte, Gander Bay, Gander, Gambo, and Clarenville. It is characterized by
a moderate level of precipitation (1100-1500mm per year) although it has also
been described as one of the driest areas on the island (Sudom and Van de
Hulst, 1985). Winters tend to be cold with 50-70% of the annual precipitation
falling as snow. Spring is late, with sea ica persisting until mid-May. Summers
are relatively warm and sunny.

The ocean is the strongest climatic influence on the Island of
Newfoundland. The Labrador Current has a major effect on the Carmanville
area. Coastal areas are cool and experience a highly variable daily
microclimate (Sudom and Van de Hulst, 1985). Prevailing winds are generally
southwesterly and have come from overland. There is, however, significant
wind activity from the northwest, north, and northeast as recorded at Fogo and
Gander (Sudom and Van de Hulst, 1985). Although there are no weather
stations in the stucy area, the three stations nearby (Fogo, Gander, and

Twillingate) provide climatic data for this area. Table 1.1 shows some of the
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mean annual precipitation 1181.6mm
mean annual rainfall 737.9mm
mean annual snowfall 443.8cm
mean January temperature -6.8°C
mean maximum January temperature -2.4°C
mean minimum January temperature -9.8°C
mean July temperature 16.3°C
mean maximum July temperature 21.9°C
mean minimum July temperature 11.1°C
prevailing winds (summer) southwest
prevailing wind (winter) west
average date of last spring frost June 1 -Junelb
average date of first fali frost ~Qctober 15

Table 1.1: Climatic data from Gander International Airport
(1965-1990) (Banfield, 1981; Atmospheric Environment
Service, 1993).

basic climatic data collected at Gander based on observations between 1965
and 1990.

Any region subjected to lengthy periods of frost activity will be affected by
frost heave. The Carmanville region is only frost free for approximately four
months of the year (Table 1.1). Over time, frost heave can result in the re-
orientation of clasts in the frost-heave zone to a near-vertical position (Mackay,
1984; Anderson, 1988). Care therefore must be taken in this region to avoid
taking clast fabrics near the surface of the ground, as these may have been

altered substantially.
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1.7 - SOILS AND VEGETATION

Soils on the island of Newfoundland have been divided into twelve main
assemblages (Sudom and Van de Hulst, 1985), related to the physiographic
classification of Twenhofel and MacClintock (1940). The North East Trough is
generally characterized by Orthic Regosols and Gleyed Eutric and Dystric
Brunisols developed along the rivers. Humo-Ferric and Ferro-Humic Podzols
and Orthic Gleysols are developed on morainal deposits, and Typic Fibrisols
and Typic Mesisols occur on domed bogs (Roberts, 1983). The mapping
completed by Sudom and Van de Hulst (1985), indicates that regosols,
gleysols, and mesisols are insignificant in the Carmanville area.

Podzols are common, covering approximately 65% of the Botwood and
Wesleyville area. Humo-Ferric and Ferro-Humic Podzols occur most commonly.
These are frequently gleyed if developed on deposits with a moderate clay
content, but are usually associated with coarse-textured till, especially moraine
crests where Orthic and Ontstein Humo-Ferric Podzols dominate. The vegetation
associated with these soils is balsam fir/black spruce/alder. Grasses occur near
Aspen Cove (Sudom and Van de Hulst, 1985).

Typic Fibrisols and Mesic Fibrisols cover approximately 25% of the map
area. They constitute thick, undecomposed peat units derived from Sphagnum
mosses. These are almost entirely developed on flat, sloping, or blanket bogs.
Fibrisols are most common at Ladle Cove, Aspen Cove, Carmanville, and south
of Island Pond (Sudom and Van de Hulst, 1985).

Brunisols occur to the west of Island Pond and cover less than 5% of the
total study area. They are generally Gleyed Eluviated Dystric Brunisols and

occur commonly adjacent to Gleyed Humo-Ferric Podzols. The dominant
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vegetation associated with this soil type is balsam fir (Sudom and Van de Hulst,
1985).

Near Ragged Harbour, Typic and Terric Humisols cover less than §
percent of the map area. These generally overlie marine deposits or bedrock.
The vegetation associated with these soils consists of dense ericaceous shrubs,
grasses, sedges, and alders (Sudom and Van de Hulst, 1985).

An understanding of the soils and vegetation needs to be gained prior to
undertaking aerial photograph interpretation. Vegetation can often obscure the
underlying sediment and thus it is imperative that fieldwork be undertaken in

any area, using aerial photograph interpretation only as a preliminary tool.
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CHAPTER 2
PREVIOUS WORK

2.1 - INITIAL RESEARCH

The number of glacial events which have affected the Isiand of
Newfoundland is unknown. MacClintock and Twenhofel (1940) proposed that in
the absence of evidence to the contrary, any glaciation on the Island can be
assumed to be Wisconsinan in age. This assumption has been adopted by
many subsequent glacial workers. Some of the early workers believed the
Island to be partially ice-free during the Wisconsinan (e.g. Fernald, 1911,
Coleman, 1926), whereas others suggested that it was completely overrun by
Laurentide ice (e.g. Flint, 1940; Tanner, 1940). Daly (1921) was the first to
propose that the Island supported its own ice cap during the Late Wisconsinan,
a concept agreed to by many subsequent workers such as Murray (1955) and
Jenness (1960). Coleman (1926) proposed that those parts of the Island that
were glaciated were only covered by small ice sheets and valley glaciers, rather
than by one large ice cap. Murray (1955) expanded on this hypothesis and
proposed several ice centres for the central part of the Island with radial
spreading of the ice towards the coast.

Jenness (1960) set the trend of much of the work to follow on the Island
of Newfoundland. He divided the Island into an "outer drift zone" and an “inner
drift zone"”, based on geomorphology and physiography. These zones are
separated by a large discontinuous end moraine between 30 and 50 km inland
from the coast in eastern Newfoundland. The “outer drift zone" is characterized

by cirques, fiords, kames, and thin till cover, whereas the "inner drift zone" is
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characterized by thicker till cover, morainic lakes, fluted terrain, kames, and
eskers. The Carmanville area is situated in Jenness' "outer drift zone". A small
moraine that Jenness believed to represent an ice retreat jposition is present at
Shoal Pond, east of Carmanville.

Jenness also mapped many striations in northeast Newfoundiand that
indicated the existence of a major ice divide across the Island. These striatigns
indicated north to north-northeastward ice-flow in the Springdale and Bay ot
Exploits area, north to north-northwestward ice flow in the Birchy Bay area and
on Fogo Island, northeastward ice flow in the Carmanville area, and eastward
ice flow in the Eastport, Gambo, and Bonavista Bay areas. At the tip of
Bonavista Peninsula, ice movement was towards the coast.

A further contribution of Jenness to the study of the glaciation of the
Island of Newfoundland involved assessment of isostatic rebound. He
combined much of his data on raised deitas around the coast with the data of
Flint (1940) and produced a map (Figure 2.1) indicating that isostatic rebound
increased to the northwest. His zero isobase passes through Trinity and
Placentia Bays, and generally follows the south coast, indicating that some

parts of the Island are stbmerging while others are emerging.

2.2 - SOURCES OF GLACIAL ICE AND ICE FLOW DIRECTIONS
Although some of the earlier workers hypothesized that the Island of
Newfoundland was completely overrun by the Laurentide Ice Sheet (e.g. Flint,
1940; Tanner, 1940), most workers have since indicated that during the Late
Wisconsinan the Island supported its own ice cap(s) (e.g. Daly 1921; Murray,

1955; Jenness, 1960; Grant, 1974, 1977, 1989; Brookes, 1982; Rogerson,
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1989). Only on the very tip of the Northern Peninsula are found erratics derived
from the Canadian Shield, suggesting that this area was covered by Laurentide
ice (Grant, 1989). The sources of glacial ice were determined by most workers
by mapping striations and determining the provenance of clasts and minerals in
glacial deposits (e.g. Brookes, 1982, 1989; Vanderveer and Taylor, 1987,
Liverman and St. Croix, 1989; Liverman and Scott, 1990; St. Croix and Taylor,
1990, 1991; Batterson and Vatcher, 1991, Liverman et al., 1991, Klassen and
Henderson, 1992). Many of the most recent projects have been undertaken by
the Newfoundland and Labrador Depariment of Mines and Energy in the course
of mapping at a 1:50,000 scale.

Grant (1977, 1989) recognized three distinct glacial accumulation and
dispersal zones on the Island of Newfoundland: the Avalc.a Peninsula, the
Northern Peninsula, and the Central Newfoundland Uplands. These areas are
characterized by either shallow immature drift or regolith, or by thick till blankets.
Many of the thicker deposits are fluted or ribbed, reflecting radial dispersal from
these centres. As Jenness (1960) did, Grant (1989) noted that thinner till is
peripheral to the thicker deposits.

A recent comprehensive study of ice movement in northeast
Newfoundland was undertaken by St. Croix and Taylor (1991). They found
evidence of at least three ice-flow ei»nts (Figure 2.2). The oldest of these was
an eastward flow, which was also detected by Batterson and Vatcher (1991) in
the Gander region, and by Liverman et al. (1991) and Liverman and Scott
(1990) in the Baie Verte region. St. Croix and Taylor hypothesized that ice from
the north central Uplands coalesced with ice from the Northern Peninsula

resulting in a deflection of ice flow north-central Newfoundland to the east. This
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Figure 2.2: (continued).

hypothesis was supported by the observations of Liverman (1992), who noted
that southeastward trending striations at the north of the Baie Verte Peninsula,
and others on the islands off the Baie Verte coast, could only have formed by
ice originating on the Northern Peninsula.

The secound flow noted by St. Croix and Taylor (1991) was
northeastward. This flow is by far the most commonly recognized in northeast
Newtfoundland and was also detected by Baird (1950), Hayes (1951), Jenness
(1960), Lundgvist (1965), Hornbrook et al. (1975), Vanderveer and Sparkes
(1980), Brookes (1982), Vanderveer (1985; 1987), Vanderveer and Taylor
(1987), Taylor and St. Croix (1989), and Batterson et al. (1991).

The third event recognized by St. Croix and Taylor involved at least three

ice centres: in the Red Indian Lake area, southeast of Millertown, and in the
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Terra Nova Uplands. Flows from these centres were dominantly northwestward.
St. Croix and Taylor (1991) also mapped striations younger than those of this
northwestward flow and interpreted these to represent subsequent ice-flow from
many small remnant ice centres. They suggest that these may represent
Younger Dryas glacier movement.

During the Late Wisconsinan, the easternmost section of the Bonavista
Peninsula was glaciated by its own ice cap, indicated by the presence of
coastward-trending striations (Brookes, 1989). Thus the eastward and
northeastward ice-flows recorded in central Newfoundland did not affect the
Bonavista Peninsula.

Previous mapping in the Carmanville (NTS 2E/8) map area by Kirby et al.
(1988) indicated that the area has many striations with general northeastward
trends. These probably relate to St. Croix and Taylor's (1991) second ice flow

event.

2.3 - EXTENT OF GLACIAL ICE

During the past one hundred years, many authors believed the Island of
Newfoundland to be partially ice-free during the Wisconsinan glacial period
(e.g. Fernald, 1911; Coleman, 1926; Grant, 1977; Brookes, 1977; Rogerson,
1982). The evidence is in the form of hypothesized nunataks on the west coast,
the Burin Peninsula, the easternmost extent of the Bonavista Peninsula, the
Gander Peninsula, and the tips of the headlands around the Avalon Peninsula
(Grant, 1977; Brookes, 1982). Grant (1989) further modified this idea and
termed it the "minimum concept". Only the very tips of the Bonavista Peninsula

were unglaciated, more of the Avalon and the west coast was coverad by ice,
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and the Gander Peninsula! was completely inundated with ice up to 75km
offshore.

Grant (1989) also summarized the evidence for the "maximum concept",
which hypothesizes that the entire Island was covered by glacial ice. This is
primarily based on the extent of deposits offshore and that there were no
unglaciated areas on the lIsland. Those unglaciated areas previously
designated under the minimum model are considered to represent cold-based
glaciation where no erosion or till deposition took place (cf. Denton and
Hughes, 1981).

Investigation of the Baie Verte Peninsula by Liverman (1992) indicated
that this entire region was covered by Late Wisconsinan ice, and hence here,
the minimum hypothesis is incorrect. Shaw (1991) also indicated that glacial
diamict is present in the region offshore of the Baie Verte Peninsula.

Bonavista Bay was occupied by a grounded ice sheet which extended
some distance offshore (Piper et al., 1990; Cumming et al., 1992; Fader and
Miller, 1994). Denton and Hughes (1981) and Mayewski et al. (1981) suggested
that aimost all of the continental shelf was inundated by glacial ice, and King
and Fader suggest that most of the offshore area was occupied with ice
between 29,500 and 15,000 BP. Cumming et al. (1992) produced a deglacial
sequence of events (Figure 2.3), which had all of the Bonavista Bay area (apart

from the nunatak noted by Brookes (1989)), inundated by glacial ice at the Late

1In the literature there is no consistency in the naming of the area of land between Gander Bay
and Bonavista Bay. Some authors name it the "Gander Peninsula” {e.g. Cumming et al., 1993),
while other authors name it the "Wesleyville Peninsula” (e.g. Brookes, 1989). To avoid confusion
this area of land will be referred to as th¢ Gander Peninsula in this thesis.
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Figure 2.3: a) the extent of the Late Wisconsinan ice in Bonavista
Bay: b) ice-shelf development and the location of a buoyant ice-cover
(oblique broken lines); c) Recessional ice margin, proglacial deposition
(I}or%ogrg)al broken lines); d) open marine conditions (after Cumming et
ai., .

Wisconsinan maximum. Deglaciation was rapid and occurred prior to 13,500
BP. By 12,790 BP all of Bonavista Bay was ice-free.

On land, all of the Bonavista Peninsula was glaciated apart from a
nunatak mantled by felsenmeer (Brookes, 1989). The inner western area of the

peninsula was dominated by eastward flowing ice (as indicated by striations
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and oriented bedforms) which probably originated from the North Central
Newfoundland ice cap. According to Brookes, the outer eastern part of the
Bonavista Peninsula was glaciated by a dynamically independent but
contiguous ice dome with a major ice divide (the Bonavista Ice Divide) which
constituted mainly coastward flowing ice (Brookes, 1989).

Under either scenario proposed by Grant (1989), the entire Carmanville
region, the area of the present study, was covered by glacial ice at the Late
Wisconsinan maximum. The striations mapped by Kirby et al. (1983) suggest
this. Striations mapped by Jenness (1960), and St. Croix and Taylor (1991)
indicate that ice extended at least as far as Fogo Island. The offshore work of
Shaw and Forbes (1990a) indicates that the coastal areas of Hamilton Sound

were occupied vy glacial ice during the Late Wisconsinan.

2.4 - SURFICIAL GEOLOGY AND GEOMORPHOLOGY

The surficial geology of Newfoundland has been summarized in a map
published by Liverman and Taylor (1990). A simplified version of this map for
northeast Newfoundiand is shown in Figure 2.4. Emerged deltas and marine
terraces are very common around the coast in northeastern Newfoundland (e.g.
MacClintock and Twenhofel, 1940; Lundqvist, 1965; Tucker, 1976; Brookes,
1989; Liverman and St.Croix, 1989; Liverman and Scott, 1990; Shaw and
Forbes, 1990a; Scott et al., 1991; Scott and Liverman, 1991; MacKenzie, in
preparation).

The surficial geology of the NTS 2E/8 map area was mapped at a
reconnaissance level by Kirby et al. (1988). Hummocky terrain dominates the

area, along with thin eroded till veneers overlying bedrock. Drumlinoid forms

24



Ge

—{

1. Till veneer 6. Organic units

2. Hummocky till 7. Bedrock

3. Ridged till 8. Glaciofluvial sands and gravels
5. Till Blanket 9. Marine units

Figure 2.4: Simplified surficial geology map of Northeast
Newfoundland. (after Liverman and Taylor, 1990).




and moulded bedrock features, such as roches moutonnées and crag-and-tails,
are also shown and indicate northeastward ice-flow. Striations were mapped
and interpreted as being formed by a northeastward ice-flow.

Seismic surveys have been undertaken offshore (Shaw et al., 1990). The
substrate is dominantly gravel and bouldery gravel. This is underlain by an
acoustic unit with incoherent reflections, interpreted as a glacial diamicton.
Drumlin-like forms were detected at the head of Gander Bay oriented south-
southwest - north-northeast, and are interpreted as showing north-
northeastward ice flow. Sudom and Van de Hulst (1983) noted a large sand
and gravel body in the northeast section of the 2E/8 map area and classified

this as an esker.

2.5 - POST GLACIAL EVENTS
2.5.1 - The Younger Dryas Cooling Event

Evidence of a severe periglacial climate postdating glacial activity exists
at many coastal locations across the Island indicating that these areas were ice
free during climatic deterioration. Directly to the west of the Carmanville area, in
the Birchy Bay region (NTS 2E/7), Eyles (1977) and Scott (1993) found features
that they interpreted as ice wedge casts. Eyles believed that these formed
between 12,000 and 10,000 BP. In north central Newfoundland, Liverman and
St. Croix (1989), MacKenzie (in preparation), and Batterson (1994, in
preparation) detected features which they interpreted as ice wedge casts. All
authors tentatively attribute these to the Younger Dryas cooling event. On the
west coast Brookes (1971) also found ice wedge casts, and determined that

these formed sometime before 10,600 BP.
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The formation of the Ten Mile Lake Moraine was determined by Grant
(1969, 1989, 1991) to have formed at approximately 11,000 BP as ice from the
Long Range Mountains moved northward into a sea that stood approximately
80m higher than present. Grant (1989) states that this correlates well with the
Younger Dryas climatic deterioration. Liverman et al. (1991) found evidence of
a lateglacial readvance in northcentral Newfoundland and, although there is no
numerical dating control, suggest that it may be linked to the Younger Dryas.
The probability of these advances being related to the Younger Dryas is
enhanced by the well-documented Younger Dryas glacial activity in Nova
Scotia (Stea and Mott, 1989).

Palynological successions provide the most convincing evidence of a
cooling event after the retreat of the main Late Wisconsinan ice on the Island.
Anderson and Macpherson (1994) recognized a cooling episode, and dated it
to between approximately 11,000 BP and 10,000 BP on the basis of 14C dates
from sites across Newfoundland. Pollen assemblages from this time are
generally dominated by herbs, and mineral content is usually high. Anderson
and Macpherson attribute this to reduced vegetation cover, and longer lasting
snow banks which led to increased slope wash. They indicated that during this
time, ice-caps probably persisted or expanded. Wolfe and Butler (1994)
provided both polien and diatom evidence for a climatic deterioration between
approximately 11,000 and 10,000 BP at Pine Hill Pond, Terra Nova National

Park, approximately 100km southeast of the present study area.
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2.5.2 - Relative sea-level change

The pattern of sea level change on the Island of Newfoundland is directly
related to the position of the Laurentide Ice Sheet on mainland Canada
(Jenness, 1960; Brookes, 1982; Grant, 1989). All studies related to sea level
maximum indicate that the marine limit progressively decreases southwestward
and southeastward from the Northern Peninsula in accordance with the model
first proposed by Jenness (1960). At the tip of the Northern Peninsula, the
marine limit is 145m as! (Proudfoot and St. Croix, 1987), at Springdale the
marine limit is 75m asl (Tucker, 1976; Scott et al,, 1991), in the Bay of Exploits it
is at least 65m asl (MacKenzie, in preparation), at Eastport it is at least 38.5m
asl (Dyke, 1972), and on the Bonavista Peninsula it is at least 26m asl| (Brookes,
1989).

Quinlan and Beaumont (1981) developed two sea level models for the
Atlantic Provinces based on the minimum and maximum ice hypotheses. Both
models relate to the isostatic depression of land under giacial ice and the
position of the peripheral forebulge which is forced upwards to compensate for
the depression. During and after deglaciation, the depressed areas isostatically
rise while the forebulge isostatically depresses as it migrates slowly towards the
centre of an ice mass. Quinlan and Beaumont determined that all of
Newfoundland lay on the peripheral forebulge regardless of the minimum or
maximum ice hypotheses, and the exact position on that forebulge determined
the styie of sea level change. Four hypothetical curves were developed
depending on this position (Figure 2.5).

Using the minimum ice hypothesis, Quinlan and Beaumont placed the

Carmanville region in zone D of their model. The region would have originally
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Zone A Zone B

18Ka Bp

18Ka Bp

Zone C Zone D 18Ka Bp

18Ka Bp

Figure 2.5: Schematic representation of a peripheral bulge at

two points in time. The bulge migrates in the direction of the arrow
aftecting the relative sea level at A, B, C, and D. The sea level curves
show the typical pattern of relative sea-level change at each site

(after Quinlan and Beaumont, 1981).
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been on the outer edge of the forebulge. Such areas are characterized by sea-
fevels which have constantly risen to the present level (Figure 2.5). Using the
maximum ice hypothesis, Quinlan and Beaumont placed the Carmanville
region in zone C of their model. In this scenario, Carmanville would have
initially been placed on the top of the forebulge. This zone is characterized by
relative sea-levels which fiuctuated below Om asl and subisequently rose to
present levels (Figure 2.5).

Grant (1989) suggested a high stand of sea level at 40m asi for the
Gander Bay region and dated this at approximately 12,500 years BP. Shaw and
Forbes (1990a) incorporated this value into a sea-level curve developed for the
Cape Freels area (Figure 2.6). They suggested that sea leval dropped rapidly
between 12,500 and 8,000 years BP, from an elevation of at least 40m to
perhaps as low as -25m asl. Shaw et al. (in review) proposed a minimum level
of -17m asl in Gander Bay some time prior to 8600 BP. Sea level has been
rising slowly since. This sea-level fluctuation represents a Zone B curve using
the terminology of Quinlan and Beaumont (1981). Liverman (1993) indicates
that most of the Island has a type B, or modified type B, sea-level curve, with the
age of the transition of sea levels below present increasing to the south. The
theories of Quinlan and Beaumont (1981) are not discredited, but it is likely that
the forebulge affected a much larger area than originally anticipated by these

authors.
2.6 - CHRONOLOGY OF EVENTS

All glacial events detected in northeast Newfoundland are assumed to be

Late Wisconsinan. These are listed in Table 2.1. It is clear that there is a
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Fader and Miller (12S4)
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Table 2.1: Chronology of events in northeast Newfoundland based on previous work in the area




correlation between specific events across the area. The Late Wisconsinan
maximum occurred between 28,000 and 20,000 BP. During this time almost all
of northeast Newfoundland was covered by ice apart from a rocky plateau
mantied by felsenmeer at the tip of the Bonavista Peninsula. This ice was
centred on the north-central Uplands and flow was predominantly eastward.
Only on the easternmost extent of the Bonavista Peninsula were no eastward
striations detected.

The onset of deglaciation resulted in the large ice caps shrinking and the
formation of an independent ice-divide across central Newfoundland. This
resulted in northward to northeastward ice flow to beyond the modern coastline
in most areas in northeastern Newfoundland. Further deglaciation occurred
which resulted in the formation of several smaller ice caps. This ice-flow event is
associated with higher variability in ice flow directions (N-NNW in the
Carmanville region, NE in the Bay of Exploits). it is likely that the ice-marginal
deltas detected at the coast and up to several kilometres inland are related to
this event. This probably occurred prior to 12,470 +380 BP at Springdale (14C
age TO-2305) (Scott et al., 1991). 14C ages of 11,500 +110 BP (GSC-5527)
(MacKenzie, in preparation), and 11,600 +210 BP (Blake, 1983) were obtained
from glaciofluvial deposits in the Bay of Exploits region. These also provide
minimum ages for the marine limit in the area.

Relative sea levels were at their maximum at approximately 12,500 BP.
These fell rapidly from the marine limit to Om asl at approximately 10,000 BP. In
Hamilton Sound sea levels are known to have dropped as low as -17m asl at
8,600 BP and have since slowly risen to subsequent levels (Shaw et al., in

review).
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CHAPTER 3
METHODOLOGY

3.1 - AERIAL PHOTOGRAPH INTERPRETATION

Aerial photograph interpretation was undertaken on vertical black and
white photographs (1966) between September 1991 and April 1992, prior to
any field work. This is an important preliminary step as it allows one to identity
many landforms such as roches moutonnées, crag-and-tail hills, drumlins,
emerged beach terraces, etc. Such areas become prime targets for further
investigation when undertaking field work.

The tone of the photographs is especially important when determining
the sediment type. For instance fine sediment has poor reflectibility and thus
appears very dark on photographs. Marine or fluvial silts and clays, in contrast,
appear dark grey and uniform on aerial photographs. Well-drained coarse
sediments are highly reflective, and are therefore represented by light
grey/white tones. The darker the grey tones, the poorer the drainage, and thus
the higher the percentage o fine-grained sediment. Ot course, vegetation can
often act to conceal the underlying sediment, but can also aid in the
interpretation of that sediment. For instance, the presence of many pine trees

would indicate a well-drained sandy soil.

3.2 - FIELD METHODS
Reconnaissance work was undertaken In June 1992, prior to any

detailed fieldwork. All roads were traversed by vehicle, or on foot.
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Detailed fieldwork was undertaken between June and August 1992, with
additional visits to the field in June 1993 and August 1993. Natural sections
such as river banks and coastal exposures, and artificial exposures such as
road cuts and gravel pits were located and described. Where sections were
small and composed of few units, the exposure was examined as a whole.
Where sections were large and complax (such as in gravel pits), several vertical
transects were designated and described in detail. Each section was divided
into units where appropriate. For each sedimentary unit the thickness, colour,
matrix texture, sedimentary structures, clast lithology, clast mineralogy, clast
shape, and (where appropriate) clast fabric were recorded. Striated and bullet-
shaped clasts was also noted. Fabric analysis involved measuring the
orientation and dip of the A-axis of 25 clasts in each diamicton unit using a
compass with a clinometer. Clasts chosen for measurement had an A-axis to B-
axis ratio of 3:2 (Catto et al., 1987).

All linear landforms were located and described, and their orientations
were measured using a Brunton or Silva compass. Orientations were often
measured from aerial photographs. The features include: striations, roches
moutonnées, crag-and-tails, drumlins, flutings, rogen moraines, and lineated til!
features.

The heights of all marine terraces, erosional platforms, and marine
sedimentary exposures were measured using an altimeter (Wallace Tiernan:
Model FA-181220). Readings were taken on calm days to avoid inaccuracies
due to pressure changes. Reference points of known elevation, in the form of
ordnance datum levels or bench marks are usually used for calibration, but no

such points have been established in the area. All elevation references were
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therefore taken from mean sea-level. An altimeter reading was taken at sea-
level before and after each reading on land to avoid inaccuracies. The values

are considered accurate to within 5m.

3.3 - LABORATORY METHODS
Laboratory analyses was undertaken between September 1992 and

January 1993. Analyses included grain size, clast lithology, roundness, and

sphericity.

3.3.1 - Grain size analysis

Grain size distributions were described using the Wentworth-Udden
grain size classification (Udden, 1898; Wentworth, 1922) and the phi (@) scale
of Krumbein (1934). The Wentworth and Udden scales are both logarithmic (to
the base 2) so that each grade limit is twice the diameter of the limit directly
below it. The grades are directly linked to the grain diameter measured in
millimetres. Krumbein's phi scale shows the gradation to be the negative log to
the base 2 of the diameter in millimetres.

Grain size analysis was performed using both hydrometers and sieves.
This was undertaken on the matrix component of a sample only, where
granules (-1@), are the coarsest grain size. Thus all samples were sieved
through a number 10 (-1@) sieve prior to analyses. A visual estimate of the
coarse component (> -1g) was estimated while in the field, using the charts of
Shvetsov (1954).

A visual estimate of the particle size was determined before grain size

analysis. Those samples which had large quantities of silt and clay were
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analyzed by hydrometer and then sieved (Figure 3.1). Those samples
dominated by sand and granules were sieved only, unless more than 10 grams
of sediment were left in the sieve pan (<4@). In these cases the whole sample
would be first subjected to hydrometer analysis and sieving. The methods used
are as outlined in Catto et al. (1987), and originally proposed in ASTM (1964).

Suspension analysis is based on the theory that clasts suspended in any
fluid will settle out. The rate of the particle settling depends on the shape, size,
and specific gravity, with larger, denser clasts settling more rapidly than lighter,
smaller clasts. The hydrometer method adapts Stokes' Law, which states that a
spherical particle settling at a uniform velocity will encounter a resisting foice
due to the liquid, and thus all particles are assumed to be spheres. A
hydrometer measures density changes in suspension as settling occurs
(Lindholm, 1987).

For each unit dominated by granules, sands, and siits, at least 100 gramz
were sieved through a 2mm (-1D) sieve (Figures 3.1a and 3.1b show the
methods adopted while undertaking this analysis). Fifty grams of the sieved
sediment were soaked overnight in 125ml of 4% sodium hexametaphosphate
(Calgon) solution, a dispersing agent. The sample and solution were
homogenized in a blender. The dispersed solution and sediment were then
transferred to a 1000ml graduated cylinder which is topped to the 1000ml mark
with distilled watar. The cylinder was agitated by hand until all the sample is in
suspension, and was then placed on a flat surface. A hydrometer was placed in
the cylinder and readings were taken at 15 and 30 seconds; 1, 2, 5, 10, 15, 30,
60, 90, and 120 minutes; and at 4, 8, and 24 hours, after the cylinder was set

down.
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Figure 3.1a: Flow diagram showing procedure for undertaking
grain size analysis
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At each time interval the following are involved: the temperature in the
control cylinder, the elapsed time since agitation, the hydrometer reading of the
sample, the hydrometer reading in the control cylinder, and the corrected
hydrometer reading (R)(the difference between the control and sample
cylinder). The effective depth (L), the composite correction (K), and the specific
gravity (a), can be established by using predetermined tables (American
Society for Testing Materials, 1964). Once all the parameters have been
established, the clast or grain diameter can be determined using the formula:-

d = K(L/T)
and the percentage of the sample in suspension can be determined using the
formula:-
% = (aR/mass of sample)x100

The fraction coarser than 4@ (sand) is retained and dried in an oven for at
least three hours. It is then weighed and sieved through six sieves stacked from
the finest size up (Figure 3.1a). All granular samples are sieved through
appropriate sieve sizes. For example, a sample with fine granules and coarse
sand is sieved through -1g, Og, 12, 20, 38,and 4o sized sieves.

For each sample a cumulative curve is plotted on (og-probability paper
(Folk, 1966). This includes both the sieve and the hydrometer results. The
particle diameter is plotted along the x-axis and the percentage finer than a
given diameter is plotted along the y-axis. Because two types of data are plotted
on each graph, there is usually an area of overlap and disjunction known as the
"analytical break". This occurs as the result of the differing behavior of fine sand
‘particles under sieving and settling analysis, as well as mechanical difficulties

in accurate 1easurement during the initial stages of hydrometer analysis. This
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does not have a major effect on the accuracy of the analysis (Catto et al., 1987).

The results of grain size analysis are shown in appendices 1 and 2.

3.3.2 - Clast analysis

Fifty or more rock clasts were taken from each site for lithological
analysis, the minimum required for statistically significant results (Hornbrooke et
al., 1975). All clasts were washed, split and identified. The shapes of the clasts
were determined using the classification of Zingg (1935), that groups clasts into
spheres, discs, rollers, and blades. Roundness was estimated using the
classification of Folk (1955). This groups clasts into categories between O (very
angular) to 6 (well rounded). In addition to clast identification, the 2@ fraction
kept from sieving was also analyzed and the minerals and rock fragments

identified.

3.4 - CLAST FABRIC ANALYSIS

Clast fabric analysis involves measuring the dip and direction of the long
axis (a-b plane) of 25 clasts within a sedimentary unit. The field measurements
taken were analyzed using the Stereo TM program designed for the Macintosh
computer (MacEachern, 1989) which plots the 25 observations on an equal
area projection net. This gives an immediate impression of the attitude and the
shape of the fabric distribution.

The mean orientation of the clasts and the strength of that orientation was
calculated using the methods of Woodcock (1977). This involves determining

the strength and orientation of a normalized eigenvalue (S1). Each observation

is regarded as a unit vector. Three vectors oriented 90° to each other in three
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dimensions (v4, vo, and v3) are termed eigenvectors. Eigenvector vy can be
considered the direction about which the "moment of inertia" of the distribution

is minimized (Watson, 1986). That is, it is the estimate of the distribution mean.

Eigenvector v3 is associated with the largest moment of inertia. That is, it is an
estimate of the pole of the best-fit girdle to the distribution. Eigenvector vo is
perpendicular to eigenvectors v4 and v3. Each eigenvector has a
corresponding eigenvalue which divided by the total number of measurements
gives the normalized eigenvalue (S1). The sum of Sq, Sp, and Sz is 1.

The normalized principal eigenvalue measures the degree to which the

clasts are aligned. A sample that has many clasts lying in the same orientation,

will have an S value close to 1. This S4 value can range from 0.33 (randomly
oriented) to 1.0 (perfectly unimodal).

The natural logarithm of (S1/S5) divided by the natural logarithm of
(S2/S3) gives the K value. Distributions that have equal cluster and girdle
tendencies have a K value of 1. Where 1> K>0, the distribution is described as a
girdie. Where K >1 the distribution is described as a cluster. Cluster distributions

indicate unimodal fabric aflignments.
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CHAPTER 4
SURFICIAL GEOLOGY AND GEOMORPHOLOGY

4.1 - INTRODUCTION

Before detailed analysis was undertaken in the Carmanville area, the
sediments were mapped using the classification developed by the
Newfoundland and Labrador Department of Mines and Energy (e.g. Kirby et al.,
1988). Seven major surficial units are recognized in the study area using this
classification. These are, in order of diminishing areal importance: glacigenic,
organic, bedrock, glaciofluvial, marine, colluvial, and fluvial units. Using this
classification, all glacigenic units are classified as "tills". This classification does
not distinguish between primary and secondary glacial deposits. Consequently,
the deposits are often described as "diamicton”, a non-genetic term which
simply indicates that the deposit is unsorted and is composed of a mixture of
grain sizes from clay to pebbles, cobbles, or boulders.

In any area, as usually more than one sediment type is present, the
dominant sediment type is the one that is discussed and shown in Figure 4.1.
For example, although glacigenic units are the dominant sediment type in over
70 percent of the area, small patches of organic sediment, fluvial sediment,
colluv.ul sediment, and exposed bedrock occur throughout the areas and are
mapped as glacigenic. Figure 4.2 (Munro, 1993)(in the pocket at the back of this
thesis) shows the results of the detailed mapping that was undertaken in the
Carmanville area. All the sites discussed in this thesis are also shown on Figure
4.2,
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Figure 4.1: Simplified surficial geology map of the Carmanville area.



4.2 - GLACIGENIC UNITS

Units interpreted to be of glacial origin (units 1-5 on figure 4.1; 'T' on
figure 4.2) are the most common surficial materials, covering approximately
70% of the land area. Sediments mapped and interpreted as glacigenic are
diamictons and therefore contain mixtures of silt, sand, and larger clasts. These
can have been formed due to different genetic processes. They may have been
deposited directly from glacial ice and are therefore ‘tills’' (cf. Dreimanis and
Lundqvist, 1984). Other diamictons may, however, be the result of sediment
gravity flow beneath or on the surface of glacial ice or into marine waters. In a
marine environment diamictons may be substantially reworked.

Sections occur commonly in road cuts, ditches, and on abandoned
sawmill or construction sites. Seventeen of the exposures investigated in detail
were interpreted to be of primary glacial origin (see Chapter 5). These
exposures are between 1m and 4m high. They are cuts in the sides of
hummocks, or are found within bedrock controlied topographic lows. The
diamictons in these exposures are clast-dominated and are generally
structureless, although sorted lenses of material ar2 seen at some locations.
Grain size analysis of the matrix component of these sediments (Figure 4.3)
shows silty sand (using the classification of Shepard, 1954) to be the dominant
sediment type (43%), followed by sand-silt-clay mixtures (32%). Sandy till
(14%) and sandy silty till (7%) occur rarely. There is no significant difference in
the grain size distribution of different glacigenic units in this area as it is
primarily controlled by the bedrock type of the source material (see Chapter 5).

Figure 4.4 shows the typical grain size distribution of tills in the region as plots
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Figure 4.3: Ternary diagram of tills and colluvium in the Carmanville area

on a cumulative curve. Appendix 1 shows the results of grain size analysis on
glacigenic units.

Examination of clasts indicates that they ar> mostly of local provenance.
Clasts are often striated, and bullet and barrel shapes are common (see

Chapter 5).
4.2.1 - Till Veneers

Till veneers (unit 1 on figure 4.1; 'Tv' on figure 4.2) and eroded till

veneers ('Tve' on figure 4.2) are the most extensive surficial glacigenic materiai
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in the study area, constituting approximately 35% of the total land area. Thase
veneers are defined as any till deposit with little independent surtace
expression, usually less than 2m thick. They occur most extensively near
Frederickton and Carmanville. A typical example of a tili veneer is Unit 4 at site
MM-30 (see Chapter 5). Vertical exposures are rars and where encountered
are 1m or less thick. Post-depositional changes due to ground water movement,
pedogenic processes, and frost action have resulted in concentrations of iron
and manganese oxides in the upper portions of these eroded till units.
Consequently, these tills are characteristically darker coloured than other till
deposits in the study area. They vary from dark greyish brown to dark yellowish
brown (Munsell 10YR 3/2 mvf - 10 YR 4/2 m/f). Till veneers generally have sandy
matrices, and mostly pebble-sized clasts. The matrix accounts for approximately

50 percent of the depo: its.

4.2.2 - Hummocky Till

Hummocky till (unit 2 on figure 4.1, 'Th' on figure 4.2) is the dominant
sediment type over approximately 20% of the study area. It occurs most
commonly in the interior, but extends to coastal areas near Carmanville and
Musgrave Harbour. Fifteen of the diamicton exposures studied occur in
hummocky till. Hummocks are 10m or less high and are up to 100m in diameter.
They are generally restricted to broad topographic lows. These deposits are
generally shades of olive grey and olive brown (Munsell 5Y 3/2 - 5Y 5/2 m/f).
They are moderately compact, although along the eastern edge of Gander Bay

overconsolidated deposits occur. Matrices are generally silty sand but may
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contain up to 33% clay. The matrix accounts for 50 percent of the sediment and

clasts range mainly from pebbles to cobbles.

4.2.3 - Ridged Till

Ridged till (unit 3 on figure 4.1; 'Tr' on figure 4.2) covers approximately
15% of the study area and is represented by rogen and cross-valley moraines. It
is generally restricted to the interior of the area, and occurs commonly in
association with hummocky till deposits. In Eastern Arm, till ridges are seen as
linear islands, composed of relatively coarse cobbles and boulders which are
now exposed due to the winnowing of fine sediments by marine erosion.
Similar moraines are also recognized at Aspen Cove. An extensive complex
(120 km?) of these moraines is present in the southeast part of the map area,
but poor access precluded field investigation.

Aerial photograph analysis has shown these features to be between 100
and 1000m long, attaining maximum widths of 150m and rarely exceeding 20m
in height. They are crescent-shaped with the arms of the moraines pointing
northeast. They appear to be well-drained, as shown by the extensive spruce
growth on their surtaces. Their genesis is probably similar to the moraines
observed at Eastern Arm. Similar features observed on the Avalon Peninsula
are made up of sandy or muddy gravel, and are often crudely stratified (Fisher
and Shaw, 1992). These features are interpreted as rogen or cross-valley

moraines. The genesis of rogen moraines is discussed in Chapter 6.
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4.2.4 - Lineated Till

Lineated till (unit 4 on figure 4.1; 'TI' on figure 4.2) occurs in one ~rea,
directly to the west and southwest of Island Pond. it covers less than 1 percent
of the study area and takes the form of drumlinoid features and flutings. These
are between 150m and 800m long and range between 5m and 20m in height.
The drumlins are generally highest and steepest at their southwestern ends and
taper in a northeastward direction. All the drumlins in the Carmanville area are
made up of unconsolidated material. No sections through these features could
be studied. However, because drainage is very poor, it is assumed that the
matrix has a high proportion of fine grained sediments. These features are

mainly oriented southwest-northeast.

4.2.5 - Eroded Till

Eroded till (unit 5 on figure 4.1; 'Te' on figure 4.2) is rarely recognized as
a distinct unit in the study area. Eroded tifl units are mostly classified as sroded
till veneer ('Tve' on figure 4.2), eroded hummocky till ('The' on figure 4.2),
eroded ridged till ('Tre' on figure 4.2), and eroded lineated till ("Tle' on figure

4.2). Erosion was due to meltwater activity.

4.3 - ORGANIC UNITS

Organic units (unit 6 on figure 4.1, 'O’ on figure 4.2) cover approximately
15% of the study area. They occur throughout and are recognisable as flat
marshy areas, sometimes in the form of string bogs or aapa. Fibric peat is the

most common surficial material (Sudom and Van de Hulst, 1985). Organic units
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commonly overlie marine deposits and consequently occur most frequently at
elevations below the marine limit (at least 57m asl). Exposures at Ladle Cove
and south of Musgrave Harbour indicate that these deposits are typically
between 0.5m and 1.5m thick. Most of these baggy areas are domed bogs or

sloping fen (cf. Wells and Pollett, 1983).

4.4 - BEDROCK

Exposed bedrock (unit 7 on figure 4.1; 'R’ on figure 4.2), or bedrock
covered by vegetation ('Rc' on figure 4.2) covers approximately 10% of the land
area. It is most prominent around the coastline where vegetation cover is thin.
The physiography of many parts of the map area is controlled by the underlying
bedrock structure (see Chapter 1). The bedrock is locally shaped into roches

moutonnées. These are discussed in detail in Chapter 6.

4.5 - GLACIOFLUVIAL SAND AND GRAVEL

Sand and grave! deposits (unit 8 on figure 4.1; 'G' on figure 4.2) are
restricted to the north-east part of the study area, directly west of Musgrave
Harbour. They occupy an area of 12km2 (<1%). These have a hummocky
surface expression with marine sediments occupying some of the depressions
overlying the gravel. The deposits are texturally and structurally variable. For
example, horizontally bedded, finely laminated clays, silts and sands are found
adjacent to sharply contrasting steeply dipping thick beds of cobbies.

Grain size analysis was undertaken on the finer size fractions (Figure 4.5;
4.6). The results of these are shown in appendix 2. Two ternary diagrams were

used to plot the results because of the textural variability of the sediments.
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Deposits with no coarse sand and granules are plotted on Figure 4.5a and
deposits with coarse sand and granules are plotted on Figure 4.5b. Deposits
containing granules have no or minor silt components (maximum 3%). Deposits
which contain more than 3% silt contain no granule-sized material. Silty gravels
represent more than 20% of the sands and gravels observed in the study area.

The finer grained deposits (Figure 4.5a) are classified as sandy silts.
Deformation in these finer silts and sands is common, particularly where
overlain by thick gravels. Common sedimentary structures include high-angle
normal and reverse faults, diapirs, flame structures, ball and pillow, box folds,
spiral folds, and recumbent folds. There is also extensive evidence for sediment
gravity flows. The coarser grained deposits (pebbles to cobbles) are trough or
planar cross-bedded. There are many slump structures associated with these.
The internal structures and stratigraphy of the glaciofluvial successions are
discussed in detail in Chapter 7.

At elevations up to 40m, the surfaces of these deposits have commonly
been reworked by marine action, resulting in the deposition of marine beach
gravels. Beach sediments form veneers up to 1m thick. Marine reworking
subsequent to deposition has resulted in the formation of flat platforms on the

surface of the glaciofluvial deposits.

4.5.1 - Moraine Deposits

A large moraine approximately 15km long is located south of Ragged
Harbour. Route 330 follows the trend of this moraine from Ragged Harbour
River to Musgrave Harbour, approximately 1km east of the study area. The

width of the feature varies from a maximum of 2km in the southweastern and
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northeastern parts, to a minimum of approximately 0.8km in the central part.
Most of the surface of the moraine is flat with a slope of 1.5° towards the
shoreline, and it has a maximum elevation of 43m asl. The surface of the central
area (the narrowest pant) is higher with maximum elevations reaching 46m asl.
It is also distinctly asymmetrical with a steep slope (approximately 20°) on the
southern edge and a long, gentle slope (1.5°) marking the northern boundary of
the feature. The moraine is composed of glaciofluvial silts, sands, gravel, and

cobbles (see Chapter 7).

4.5.2 - Meltwater Channels

Meltwater channels occur throughout the map area (see figure 4.2), and
generally range from a few metres wide to 0.5km across, and are up to 100m
deep. They are aligned roughly southwest to northeast, following the structural
trend of the underlying bedrock. Although no rivers or large streams currently
occupy the channels, they commonly connect many smalil fakes. One channel
exits Island Pond, trends northeastward to Shoal Pond, extends northeastward
where it ends abruptly before reaching the modern shoreline. This channel is
approximately 15km long. The size and alignment of these channeis suggest
that they are most likely subglacial forms (cf. Sugden and John, 1976). Although
the topography of the area is generally flat, these channels have undulating
profiles along their lengths with maximum reliefs of approximately 10m.
Undulating profiles are characteristic of subglacial meltivater channels
(Sissons, 1961). The bases of the channels are generally flat and contain

veneers of sand.
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Several ice-marginal and submarginal channels occur on the eastern
flanks of Gander Bay. These are mainly submarginal forms as their gradients
are relatively steep (between 1:15 and 1:20). Chiannels which have gradients of
1:50 or greater can be considered marginal meltwater channels (Sissons,
1961). Two distinctive channels are formed at 45m asl, and 23m asl. These
channels are generally less flat-bottomed than the subglacial forms. Steeper
‘ valley slopes have aided in increased erosion and subsequent infilling of the

channels.

4.6 - MARINE UNITS

Marine deposits (unit 9 on figure 4.1; 'M' on figure 4.2) occur mostly as
emerged beach gravels although a marine kettle fill at the Ragged Harbour 2
site (see Chapter 7) containing silts and sands is also present.

Emerged; terraced beach gravels (‘Mt' on figure 4.2) occur up to
elevations of 57m asl, although erosiunal platforms occur up to elevations of
67m asl. Exposed marine gravels are found at three principal locations. In the
Aspen-Ladle Cove area, these deposits extend along the coastline from Rocky
Point to Ragged Point, and are found up to 300 metres inland. Beach sediments
occur up to 2km inland, between Victoria Cove and Clarke's Head. These areas
are currently being exploited for aggregate. At Noggin Hill, the deposits extend
inland from the coastline for about 500m, and extend north to south for 4km.
These sediments consist of well sorted gravel and vary from granules to
cobbles.

A series of marine terraces in the Wing‘s Point area can be seen on

aerial photographs. These reach maximum elevations of 51m asl. A good
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exposure occurs at 32m as| at Wing's Point. Over 3m of gravels overlie bedrock
in terraces which extend laterally for 2-3km (see Chapter 8). Over 4m of gravel
is exposed at Victoria Cove at an elevation of 11m asl, representing part of a
lower elevation terrace (see Chapter 8). It is possible that similar thicknesses of
gravels may be present at Noggin Hill and Ladle Cove at similar elevations.

All marine gravels observed in the Carmanville area are open-work and
consequently well-sorted. They are planar bedded and locally dip with low
angles towards the modern shoreline. Beach ridges are evident in some
exposures such as those at Wing's Point. Clast sizes range from granule gravel
to cobbles, and are likely controlled by differing energy levels. For example, at
Ladle Point almost 2m of cobbles are present in section at 5m asl. This part of
the coastline was directly exposed to oncoming waves when sea-levels were
higher. Less than 3km to the west at Ladle Cove, however, grave!l at the same
elevation is much finer. This part of the coastline lay oblique to ~ncoming waves
when sea-levels were higher. At most locations, gravel consists of medium
pebbles. Clasts are generally disc-shaped with some spheres.

Marine silts and clays were observed overlying sands and gravels at
Ragged Harbour. They are also likely to exist at Aspen Cove and Ladle Cove.
This is reflected in the present poor drainage of the area and bog formation.
These boggy areas represent ancient lagoonal or back-barrier systems which

are generally characterized by silt and clay sedimentation.
4.7 - COLLUVIAL UNITS

Colluvium (unit 10 on figure 4.1;'C' on figure 4.2) is rare in the study area

(<1% by area), due to the lack of steep slopes on which mass movement can
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take place. Colluvium is found near Carmanville and Carmanville South, and
along Route 330 near the Aspen Cove exit, as fan shaped lobes at the base of
slopes. The texture and structures within the sediment vary considerably from
the local tifl. In general, it is much more compact, the clay content is higher, and
slump structures are evident. The most common matrix type is clayey silt with
approximately 35% clay and 50% silt (Figure 4.2). Lithologically and
mineralogically, these are similar 1o the tills. This is primarily because the
colluvial deposits in the Carmanville region are reworked till. Fabrics from these
deposits commonly have girdle distributions. Eigenvalues range from 0.43 to

0.56, and K-values are uniformly less than 1.

4.8 - FLUVIAL UNITS

Fluvial deposits ('F' on figure 4.21) cover less than 1 percent of the
surface area. They are present along the banks of the Ragged Harbour River on
the modern flood plains. These are frequently covered by thin organic veneers.
Characteristically, the fluvial deposits are made up of fine clays and silts, as

reflected in the poor drainage of the area.

' Fluvial units are not indicated on figure 4.1 as their extent is minimal and the scale on figure 4.1 is
too small o indicate their presence.
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CHAPTER 5
SEDIMENTOLOGY 1: GLACIGENIC SECTIONS

5.1 INTRODUCTION

Seventeen exposures in the study area (Figure 5.1) containing diamicton
were described and analyzed in detail. The results of this analysis are shown in
Appendix 1. These were determined to have been directly deposited by glacial
ice and are thus interpreted as tills. It is important that careful analysis of these
deposits is undertaker,, as tills may give an indication of the direction of ice-flow,
the distance of transport of the entrained sediments, and the mode of genesis of
the till. These are important factors in discussino the glacial history of any area.
Five of the exposures are discussed in detail here, and all exposures studied

are considered in the summary.

5.2 CARMANVILLE SOUTH 1 (MM-32)
Description

MM-32 is a diamicton composed of four units (Figure 5.2). The section is
approximately 2.5m high and is situated in a small hummock (UTM 699650,
540450). The thickness of the diamicton is unknown as the basal contact was
not observed.

The lowermost unit has a minimum thickness of 32cm, and is clast-
dominated (40% clasts.). Approximately 35% (by volume) of the diamicton
matrix is sand, 11% is silt, and 4% is clay. The remainder is compose of
granules. The matrix colour is dark olive grey (Munseli: 5Y 5/2 mf). Clasts are

generally subangular to subrounded and clast types are dominantly shale
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Figure 5.2: Vertical transect through sediments at Carmanville South 1
(MM-32), with fabric information.

(36%), and mafics and ultramafics from the Gander River Complex (32%).
Clasts derived from the Rocky Bay Pluton (granites), the local bedrock,
comprise 20% of the assemblage. Clasts are commonly striated.

The lower diamicton grades vertically into unit 2, a 50cm thick clast-
dominated diamicton (50% clasts}, marked by striated cobbles. The clast
assemblage is similar to that of the underlying sediments, with mostly shales
from the Hamilton Sound Sequence, and ultramafics from the Gander River
Complex. The matrix consists of 58% sand, 28% silt, and 11% clay. It is dark

olive grey (Munsell: 5Y 5/2, mf). The 2@ fraction of the diamicton matrix is
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composed of 75% crushed shale and schist, and quartz and feldspar grains.
The remaining 25% is composed of crushed ultramafics, biotite, muscovite,

hornblende, and pyroxene. A clast fabric from this unit has a weak orientation

with an S4 value of 0.503 and a K value of 0.42. The mean trend orientation is
227.3° and the mean plunge is 11.2°.

The cobbly diamicton grades vertically into unit 3, a 1m thick matrix-
dominated diamicton (<20% clasts) of similar colour to the underlying unit (dark
olive grey; Munsell: 5Y 3/2, mf). The matrix is composed of 51% sand, 33% silt
and 16% clay. The clast assemblage is dominated by rocks from the Hamilton
Sound Sequence (shale and slate, 40%), and the Gander River Complex
(diabase and basalt, 36%). The remainder of the clasts are derived from local
granites. Most of the clasts are striated. A single distinct stone pavement is
evident towards the top of this unit, marked by a monolayer of pebbles and
cobbles in direct contact with each other (Plate 5.1 shows a similar stone
pavement at the Beaver Hill site, p.72). The line of clasts generally dips towards
the south at an angle of approximately 10° with many of the individual clasts
also dipping towards the south with a low angle of plunge (<10"). They are
faceted and their upper surfaces are striated. The mineral assemblage in the
matrix is similar to that in the underlying unit, and is dominated by crushed
ultramafics, pyroxene, hornblende, and mica.

Directly overlying the stone line is a 65cm thick matrix-dominated
diamicton, which is olive in colour (Munseli: 5Y 4/4, mf). The basal part of this
unit is very similar to the underlying diamicton. Clast content is low (5%), and
most clasts are faceted and striated with barrel or bullet shapes predominating.

Clast lithology is similar to the underlying units with clasts from the Hamilton
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Sound Sequence and the Gander River Complex predominating. The matrix is
slightly finer than the underlying material with 45% sand, 37% silt, and 18%
clay. It is relatively compact and fissile towards the top of the unit. The 2o
fraction of the matrix is composed of at least 60% crushed shale and slate, 25%

is quartz and feldspar, and 15% is mica, pyroxene, and crushed ultramafics.

Interpretation

The sediments at Carmanville South 1 are interpreted as having been
deposited directly by glacial ice, i.2. they are till. Throughout the section, faceted
and striated clasts are present which indicate glacial transport (Dreimanis,
1982). These indicate that abrasion played a major role at some point in time
during the transport and depositional history of the clasts. All the clasts are of
local origin, mainly from the Rocky Bay pluton, the Hamilton Sound Sequence
which extends 1km south of the site, and the Gander River Complex which
crops out 4km south of the site. This suggests that the sediment is of basal
origin as the clasts have not been transported laterally for great distances and
have not been transported within the body of the glacier. The clast assemblage
also indicates that ice flowed in a northerly direction.

Abrasion is the most common mode of comminution in lodgement tills,
and produces a siltier matrix than the crushing action more commonly
associated with melt-out tills (Haldorsen, 1983). In general, basal tills of different
origins are characterized by differing grain sizes and concentretions of
particular minerals in those size fractions (Dreimanis and Vagners, 1972; Shilts,
1982; Haldorsen, 1983; Shaw, 1989; Hicock and Dreimanis, 1992). Minerals

have specific terminal grades: the final grain sizes which result from glacial
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comminution (Dreimanis and Vagners, 1972). When a mineral has been
abraded to its terminal grade, further giacial transport will not result in additional
abrasion. lgneous and metamorphic minerals such as feldspar, quartz,
pyroxene, and garnet, have the coarsest terminal grades, and generally
dominate the sand and coarse silt fraction. Most minerals derived from
sedimentary rocks (apart from quartz in sandstone) have their terminal grades
concentrated in the silt size fraction and (less commonly) in the clay size fraction
(Dreimanis and Vagners, 1972).

The genesis of till deposits cannot be determined on the basis of grain
size alone. For example, deformation tills generally have finer matrices than
lodgement tills, and lodgement tills have finer matrices than melt-out tilis
(Ashley et al., 1985), but their grain size distribution may be entirely dependent
on the bedrock source and the minerals in that bedrock rather than on the mode
of deposition.

The lowermost unit in the Carmanville South 1 exposure is relatively
coarse which may suggest that it is a melt-out till (cf. Haldorsen, 1983). The only
evidence, however, of glacial transport is the presence of striated clasts which
does not necessary indicate that this is a primary till.

Unit 2 in the exposure is relatively coarse (856% sand and granules)
which may indicate that crushing was the major comminution process (cf.
Haldorsen, 1983). This unit contains high percentages of shale, both as clasts
and matrix, and minerals from this rock type would normally have their terminal
grades concentrated in the silt size fraction (Dreimanis and Vagners,1972). The
low proportion of silt, therefore, suggests that either there was not enough time

or enough distance traveled for the minerals to reach their terminal grades, or
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that abrasion was not the major mode of comminution in this lower till unit, or
that the fines may have been winnowed out of the deposit by meltwater.

The fabric from this unit is weak, in contrast to the relatively high Sy
values (strong orientations) characteristic of both lodgement tills and meit-out
tills (Dowdeswell and Sharp, 1986; Haldorsen and Shaw, 1982). Ciast plunge
angles are consistently low however, suggesting that this unit was probably
deposited basally (cf. Ashley et al., 1985). Melt-out tills may have weak and
inconsistent clast fabric orientations, caused by clasts falling through flowing
water and thus have their preferred orientations altered (Boulton et al., 1984).
Melting of clasi-rich basal debris may lead to frequent clast interactions, and
thus may increase the chance of a weakened fabric orientation (May et al.,
1980; Rappol, 1985). Consequently, weak fabrics may be indicative of melt-out
tills. Although there is no on piece of evidence to suggest that this is a melt-out
till, the unit was deposited basally, as indicated by the low angle of plunge of
the clasts, and probably represents melt-out as the grain size is much coarser
than would normally be expected for other basal tills.

Unit 3 is texturally similar to the two underlying units. The presence of
striated clasts indicates that basal glacial transport has occurred, and because
of the coarse texture of the deposit it may be atill of melt-out origin.

Units 1, 2, and 3 grade vertically into each other and are lithologically
and mineralogically similar. They probably, therefore, represent one
depositional event. The vertical changes in the exposure may represent vertical
changes in the ice profile. Although no stratification or lam:nae were observed
in the lower three units of the section, it is dominated by sands and granules

suggesting that there may have been some winnnwing of fines. Sorting is
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considered to be indicative of basal melt-out till (Kriiger, 1979; Shaw, 1979;
Dreimanis, 1982). The unsorted nature of the sediments, the presence of
striated clasts, consistently low angles of clast plunge, and the presence of
primarily loc.'ly derived material, suggest that this is a till of basal origin. It may
be a melt-out till, because of the large grain size of the sediment particles (using
Haldorsen's (1983) criteria), but this cannot be absolutely determined.

Unit 4 is finer grained than the underlying till units, and it contains many
striated and faceted clasts suggesting that abrasion was a major component of
the comminution process. This unit, therefore, may be a lodgement till using the
criteria of Haldorsen (1983). Fissile sediments of glacial origin are generally
considered to be representative of lodgement till (e.g. Dreimanis, 1982; Ashley
et al., 1985), and reflect minor failure planes within the sediment that originate
during the lodgement process. This unit is most probably, therefore, a
lodgement till. Lithological and mineralogical examinations have demonstrated
that the mineral content and clast type do not differ substantially between this
unit and the lower three units and thus all were deposited by ice moving in a
similar direction.

The clast pavement occurs between units 3 and 4. At other locations,
clast pavements are generally 1 clast thick but their areal extent can range from
squar. metres to square kilometres. They often occur at the base of
structureless diamictons (e.g. Dreimanis, 1976) but can also be found at various
levels within a diamicton (e.g. Dreimanis et al.,1987; Clark, 1991). Clasts are
always faceted, surfaces are usually striated, and bullet shapes are common.
The diamictons associated with clast pavements usually have a substantial fine-

grained matrix, the silt and clay components representing more than 50% of the
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matrix (Wright et al., 1973, Skinner, 1973; Sauer, 1974, Thorliefson, 1989;
Clark, 1991).

As the stratigraphic position of the clast pavements within diamictons is
highly variable, various theories of formation have been proposed. These
include subaerial erosion of pre-existing sediment (Wright et al., 1973), clast
ploughing (Clark and Hansel, 1989), and selective lodgement or accumulation
of coarse clasts accompanying removal of fine particles during lulls in till
deposition (Johansson, 1972; Stea, 1984, Stea and Brown, 1989).

Hicock (1991) postulated that a wet-based glacier moving over viscously
deforming till gradually releases stones that will accumulate at the glacier sole.
Assuming that the stones are of similar lithelogy, they will have similar densities
and consequently will sink to a common level in the newly deposited till
depending on the velocity, density, and the viscosity gradients of the deforming
till flow. Hicock named this zone of accumulation the "viscous suspension zone'.
Depending on the parameters listed above, the clast pavement could ultimately
be located at any level within a till unit. Because the till is deforming, stones
should be subject to rotation. Therefore, not all stones should be lying flat, and
all surfaces could potentially be striated. These stones would probably form an
undulating or irregular surface rather than a flat surface.

Clark (1991) equated the formation of clast pavements in till with the
formation of traction carpet sediments in debris flows. Debris flows commonly
have larger clasts at their bases which never become incorporated into the
body of debris flow. Clasts as traction load will thus move by sliding and rolling
along the base of the flow (Lowe, 1979; Lawson, 1981). Clark states that the low

sediment strength of subglacially deforming sediment may permit the settling of
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larger clasts to the base of the sediment. If the overriding deforming sediment
acts in a similar manner to a debris flow, then abrasion of the upper surfaces of
the clasts will resulit.

At Carmanville South 1, the clast pavement is situated between units 3
and 4. This may suggest that it is a subaerial lag deposit between two periods of
till deposition. This interpretation is considered unlikely. The clast lithology and
mineralogy of sediments above and below the pavement are similar. This
indicatés that the tills were probably deposited by the same glacier which
overrode the Gander River Complex and the Hamilton Sound Sequence
directly to the south and flowed northward.

At MM-32, the sediments overlying the clast pavement are generally finer
than those underlying it. Consequently, density gradients may be different in
these two areas, allowing Hicock's (1991) theory of differential settling of clasts
to be tested here. If the clasts had settled to a common level in the till, it is
unlikely that this level would be a flat surface. The clast pavement at MM-32 is a
planar monolayer. In addition, although most of the clasts have similar lithologic
origins, they are not identical. Granites, shales, slate, and basalt dominate, and
these all have differing densities. Consequently, all the clasts would not
aecessarily sink to the same level in the till. There is no evidence of rotating
clasts in the upper zone of the till. If the clasts had been subjected to rotation,
then all the surfaces of the clasts could potentially be striated. Clasts associated
with deforming till would be expected to lie at various angles, rather than in a
flat smooth pavement. It is unlikely, therefore, that these deposits represent

deformation till. Hence, Hicock's theory of differential settling of clasts through
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the till is not applicable at this locality. Clark's (1991) theory also depends on
the till being subjected to deformation and therefore cannot be applied here.

The most likely origin for the clast pavement is that clasts were
preferentially melted out from glacial ice, perhaps from a foliation plane, while
ice was actively ablating. Ice then started to readvance, overriding the clast
pavement causing the upper surfaces of the clasts to become more striated than
the lower surfaces. Clasts were not removed and reincorporated into glacial ice
because clasts ploughing into each other would allow them to become firmly
lodged next to each other (cf. Clark and Hansel, 1989). Under these
circumstances, the clast pavement would not be areally extensive. Several
adjacent sections do not display clast pavements.

In summary, the two tills at Carmanville South 1, were deposited either
by the same ice mass or by two ice-flows that moved in similar directions.
Lithologies and mineralogies from all the units are similar, and all four units
were deposited basally. The lower three units probably represent ice that was
ablating. A series of larger clasts were then melted out from the ice, probably
from a foliation plane. There may then have been a lull in deposition while the
entire area was still covered in glrnial ice. Ice then started to readvance,
lodging the larger clasts against each other and striating their upper surfaces to
produce the clast pavement. This advancing ice may have deposited the upper
till unit by lodgement, which would explain its finer-grained matrix . There is not
sufficient evidence, however, to indicate the genesis of this deposit as anything

more specific than a basal till.
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5.3 BEAVER HILL SITE (MM-35)
Description

The Beaver Hill site (MM-35) is situated in a roadside cut in a low lying
hummock, approximately 2km south of Beaver Hill along the eastern flanks of
Gander Bay (UTM 687750, 5472450). The section is approximately 2m high,
although the uppermost 0.5m are slumped (Figure 5.3). The basal contact was
not observed. Two units were present.

The basal unit has a minimum thickness of 45cm. It is a clast-dominated
diamicton (~50% clasts), and clasts are generally large (>10cm). They are very
weathered, breaking easily when struck with a trowel. No matrix samples were
taken or fabric analysis attempted. A visual estimate, however, determined the
matrix to be relatively coarse, with sand and silt dominating.

The lower diamicton grades into a 90cm thick matrix-dominated
diamicton. It becomes more compact and fissile towards the top. It has a low
concentration of clasts (<40%). The matrix is olive (Munsell: 8Y 4/4, mf) with
high concentrations of silt (62%) and clay (26%). Clasts are generally fine
pebbles (2-5cm A-axis), are commonly striated, and are bullet shaped. Most of
these are shale from the Hamilton Sound Sequence (60%), with a further 20%
from the Gander River Complex (mafics and ultramafics).

Rare, isolated clay stringers were observed within the diamicton unit.
These are usually less than 1cm thick and extend laterally for 20-30cm. Upper
and lower contacts are relatively abrupt and planar. These laminae do not
drape over clasts but are often bisected by them.

One clast fabric analysis was undertaken on this unit. An S1 value of

0.843 and a K value of 10.69 were determined. The mean trend of the clasts is
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Figure 5.3: Vertical transect through sediments at Beaver iill (MM-35),
with fabric information

65.7° and the mean plunge is 17.1° (Figure 5.3). These values represent a
strong orientation and thus would be placed on the cluster field of Woodcock's
(1977) graph.

The clast pavement is generally one clast thick, although in some cases
the clasts overlap (Plate 5.1). The surface of the pavement is flat and it slopes to
the north with a dip of approximately 10°. The clasts are dominantly cobbles (A-
axis 15-20cm) and are thus much larger than the pebbles in the upper and

lower diamictons. Clasts are striated on their upper surfaces only.
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Plate 5.1: Clast pavement at Beaver Hill (MM-35). The pavement is
composed of a monolayer of cobbles with some pebbles. The surface of the
pavement is relatively flat but dips to the north at an angle of approximately
10°. The upper surfaces of the clasts are striated. The trowel is
approximately 25cm long.

Interpretation

The sediments at the Beaver Hill site are interpreted as primary till
deposits. The site is located within the Hamilton Sound Sequence outcrop area,
bordered by the Carmanville Mélange. The prominent bedrock types are shale,
slate, and siltstone, as is reflected in the till lithologies. Most of the minerals
derived from these sedimentary and altered sedimentary rocks have their

terminal grades concentrated in the silt and clay size fractions (Dreimanis and
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Vagners, 1972), and thus both abrasion and crushing could potentially produce
a similar grain size distribution.

At Beaver Hill, similarly to site MM-32, the lower unit is coarser grained
than the upper unit. As no detailed analysis was undertaken on the lower unit,
its genesis cannot be absolutely determined.

As the upper unit is finer than the lower unit it is likely that its genesis is
different to the lower unit . As the sediment is fissile it is likely that this is a
lodgement till (cf. Dreimanis, 1982; Ashley et al., 1985). The clast fabric from this
unit is strongly unimodally oriented. Unimodal ciast fabrics are generally
considered indicative of basal melt-out tills and lodgement tills (Lawson, 1979;
Dowdeswell and Sharp, 1986), and are good ice-flow indicators. The fabric
pattern would initially suggest that ice was flowing towards the southwest, as
the mean trend and plunge of the clasts is towards 65. 7°. Up-ice plunges are
common in basal tills (e.g. Dowdeswell and Sharp, 1986; Clark and Hansel,
1989) suggesting that the up-ice end of the glaciers in this region was to the
northeast. Striation evidence, however, shows that there was no ice-flow from
the northeast to the southwest, but there was ice-flow towards the northeast
(See chapter 6: Section 6.1.1). Lithological data also indicates that the source
areas for glaciation were located to the southwest and thus this fabric cannot
represent southwestward flowing ice.

Catto (1990) encountered a similar problem when interpreting clast
fabrics associated with roches moutonnées. He sugqgested that where there is
diamicton overlying a resistant substrate (e.g. igneous/metamorphic bedrock)
continued deformation and stress on that diamicton will result in re-orientation

of the clasts. Ultimately, they could preferentially plunge up- or down-ice. The
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depth of the surface of the bedrock at this site is unknown, but it is likely that a
simitar pattern of deformation could have occurred.

The clast pavement at this site is similar to that noted at the Carmanville
South 1 site with a relatively fine-grained diamicton overlying a coarser
diamicton. Like Carmanville South 1 the clast pavement probably represents
coarser deposits that were preferentiaily melted out from glacial ice and then
were overridden by readvancing ice.

The presence of clay laminae in the upper unit suggests that water may
have been present, suggesting that this sediment was deposited by melt-out
rather than lodgement. However, a thin film of water due to pressure melting
(e.g. Hicock and Dreimanis, 1992), can be present beneath ice during the
lodgement process which would produce thin sorted laminae. Alternatively, the
laminae could represent shear planes i.- freshly deposited till or in the overlying
ice mass (Dreimanis, 1976). This is more common in Jodgement {ill or
deformation till.

In summary, the unimodally oriented clast fabric, the fine nature of this
upper till, the presence of striated and bullet-shaped clasts, and the undeformed
nature of the laminae indicate a lodgement origin. The laminae could either
have been formed by sorting at the glacier sole or they could represent shear

planes. There is no sedimentary evidence to distinguish these.

5.4 SHOAL POND SITE (MM-13)
Desctiption
The Shoal Pond site (MM-13) is situated on a forestry access road

approximately tkm south of the southwestern shore of Shoal Pond (UTM
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Figure 5.4: Vertical transect through sediments at Shoal Pond (MM-13),
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704250, 5469200). The exposure is approximately 170cm high and is
composed of two units (Figure 5.4).

The lower unit has a minimum thickness of 60cm. The basal contact was
not observed. It is a clast-dominated diamicton (approximately 40% clasts), with
cobbles dominating. Pebbles and granules are also present. Approximately
68% of the clasts are mafics and ultramafics from the Gander River Complex
and approximately 24% are sandstones derived from the Davidsville Group.
The matrix of the diamicton is olive grey {Munsell: 5Y 3/2, mf) and generally

loose. It is composed of 68% sand, 20% silt, and 12% clay.
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Sand lenses are present in the unit, although these are obscured by iron
and manganese staining. These lenses are up to 40cm long and are usually 2-
5cm thick but their lateral extent is unknown. In cross-section, the lenses have a
slight sinusoidal shape. Their upper and lower contacts tend to be abrupt and
undulating. The absence of folding and faulting indicates that these lenses were
not subjected to glaciotectonic deformation. A clast fabric from this unit has a
poor orientat >n with an S¢ value of 0.509 and a K value of 0.38. It has a mean
trend of 319.3° and a mean plunge of 7.7° (Figure 5.4).

This lower unit grades into an overlying clast-dominated diamicton
approximately 110cm thick which is slightly more compact. Clasts range from
pebbles to cobbles and are predominantly from the Gander River Complex
(42%) and the Davidsville Group (36%). Many of these clasts are friable and
break up easily in the hand. Some have weathered to clay particles. The matrix
is composed of 72% sand, 26% silt, and 2% clay. Lenses of sorted material are
much more common in this uppermost part of the section. These consist mainly
of silt and have a lateral extent of 30-40cm, and are generally 2-3cm thick. The
lenses are draped over some of the clasts. A clast fabric from this unit has a

poor orientation with an Sq value of 0.528, and a K value of 0.14. The mean

orientation is 289.1° and the mean plunge is 17° (Figure 5.4).

Interpretation

The sediments at MM-13 are interpreted as till. Striated clasts and lenses
of sorted material are generally indicative of basal till (Kriger, 1979; Shaw,
1979). Sandy till with weakly developed fabrics and broken and friable clasts
car be indicative of flowing water (Drake, 1971, Flint, 1971; Kriger, 1979), and
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friable clasts can only be preserved under transport and depositional conditions
where they are not subjected to extensive reworking. Such clasts would not
survive extensive abrasion during lodgement, but would survive the melt-out
process (e.g. Lawson, 1979; Shaw, 1982; Haldorsen and Shaw, 1982).
Consequently this deposit may be a basal meli -out till.

The lenses at Shoal Pond are undeformed and therefore may be
contemporaneous with.till deposition; temporary concentrations of water
beneath the ice or within the ice allowed enough size sorting to form the lenses
(Hicock et al., 1981; Haldorsen and Shaw, 1982; Shaw, 1982; Domack, 1984;
Ashley et al., 1985). Characteristically, lenses in melt-out till have convex
upwards upper surfaces, showing that the unit was deposited in a closed
conduit. Some authors have suggested that lenses of sorted material may
originally have been proglacial and subsequently ploughed up by ice and
incorporated into till (Lundqvist, 1959). This would result in deformed lenses.

Clasts falling through flowing water may have their orientations
substantially altered (Boulton et al., 1974), thus resulting in a weakly oriented
clast fabric. This, however, seems unlikely at the Shoal Pond site as the cavities
in which the sorted sediment was deposited were small, perhaps reaching a
maximum thickness of 1cm. Thus the preferred orientations of 1he clasts in the
till should mimic that of their original englacial positions. Weak fabrics do not
preclude a melt-out origin (cf. Lawson, 1979; Dowdeswell and Sharp, 1986).

Both clast fabrics have girdle distributions and lo's S¢ values and are
therefore not good indicators of ice-flow. Ice flowed from the south in this area

as indicated by the presence of large concentrations of clasts from the Gander
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River Complex which crops out directly to the south of the exposure. A precise
direction, however, cannot be determined.
in summary, this site represents the deposition of melt-out till by a glacier

moving northwards.

5.5 CARMANVILLE SOUTH 2 (MM-30)
Description

A well exposed succession of glacigenic sediment is located on Route
330, 4.5km south of Carmanville South (MM-30). It is part of a low-lying
hummock (UTM 699500, 5470350). A backhoe excavation revealed 4.1m of
sediment with four distinct units (Figure 5.5) (Plate 5.2). The top of the section
lies between 43m and 46m asl, below the marine limit which is at least 57m asl.

The basal unit has a minimum thickness of 1.5m and is composed of
open-work moderately sorted granule gravels. No current-produced structuras
are evident but the unit generally fines upwards. The basal contact was not
observed.

Abruptly overlying this is a 25cm-thick unit of relatively compact, dark
olive-grey (Munsell-5Y 3/2, mf), clast-dominated (50% clasts) diamicton,
containing faceted clasts. It has approximately 30% greenschist, 25% basalt,
and 20% ultramafic clasts. Other clast types include slate, quartzite, granite, and
diabase. The diamicton matrix is dominated by sand and granules (80%), with
small amounts of silt (4%), and clay (16%). Two fabric analyses from this unit
have moderate orientations with Sq values of 0.683 and 0.653, and K values of
less than 1 (0.78 and 0.66) (Figure 5.5). These fabrics were taken within 3m of

each other laterally .
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Plate 5.2: Section at Carmanville South 2 (MM-30). Till (Unif 4)
overlies beach gravel (Unit 3) along a horizontal contact. Units 1 and 2
are concealed below the slumped material.

Abruptly overlying the diamicton is a 165-cm thick unit of granule gravel,
which generally fines upwards. It is capped by approximately 20cm of much
larger pebbles and cobbles (5-10cm A-axis), which are disc-shaped with some
blades (Plate 5.3). The gravel is open-work and shows some evidence of crude
horizontal planar bedding. There is no clay in the unit and only minor quantities
of silt and sand are present (less than 5%).

Abruptly overlying the gravel is a 75-cm thick, moderately compact, light
olive green (Munsell-5Y 4/4, mf), matrix-dominated (15% clasts) diamicton. The
clast assemblage in this upper unit consists of approximately 40% ultramafic
clasts, 20% greenschist, 10% basalt, and minor percentages of greywacke,

quartz, and siltstone. The matrix is finer grained than the lower diamicton unit,
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Plate 5.3: Unit 3 at Carmanville South 2 (MM-30) shows
characteristics of beach gravels. The gravel is moderately to well sorted,
shows evidence of crude horizontal bedding, and contains sub-rounded
to well rounded discs and blades. These may have been deposited in the
upper beach face area just below the berm crest. (cf. Komar, 1976.
Massari and Parea, 1988).

with 32% sand, 48% silt, and 20% clay. Mineralogical analysis of the 2o fraction
of the diamicton showed it to be composed of at least 90% crushed shale.
Approximately 8% is quartz and feldspar grains, and the remainder is made up
of minor quantities of talc, feldspar and chlorite. This unit contains many striated
and faceted clasts with bullet shapes predominating. Fabric analysis (Figure
5.5) shows the clasts to have strong orientations with S1 values of 0.723 and
0.772, and K values of 1.76 and 1.44. They have mean orientations of 143.2°
and 137.2°, and mean plunges of 12° and 24.9°. They are therefore classified
as clusters on Woodcock's (1977) graph. These fabrics were taken

approximately 4m apart laterally.
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Interpretation

The Carmanville South site represents aiternation between marine and
glacial sedimentation. Unit 1 is composed of open-work gravels which are
indicative of deposits reworked by fluvial or marine waters (Komar, 1976).
Because the clasts are mainly disc- and blade-shaped, they are interpreted as
forming in a coastal rather than a fluvial environment. As the clast size is
relatively small, the beach environment may have been a relatively low energy
system. Comparison of the sediment to modern medium and high energy
beaches at Aspen Cove, however, indicates that various clast sizes can be
present in any one beach environment. At Aspen Cove, the seaward zone of the
modern beach is dominated by cobbles (20-30cm A-axis) which are well
imbricated, dipping seawards. There is a very abrupt landward change to small
granule gravels and then a general increase in the clast size towards the back
beach environment (Komar, 1976; Massari and Parea, 1988). The deposits in
this lower unit probably represent the depositional environment at the seaward
zone of the beach. This finer deposition in the seaward zone is common in
many pebble beach environments (Komar, 1976; Massari and Parea, 1988).
Also, as the unit is moderately sorted, it cannot have formed in the backbeach
area which is dominated by well sorted gravels, in distinct beds (Massari and
Parea, 1988).

The diamicton of unit 2 probably does not represent a primary till. Clast
fabrics are moderately oriented with medium Sq and K valugs. Mean
orientations differ substantially between the two fabrics: 107° and 166°, This
would suggest that this represents a slump, a collapse deposit, or a debris flow

rather than a till. The abrupt and irregular contact between the two units also
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suggests this. The area directly to the south is of slightly higher elevation (~2-
3m) and may have been subjected to erosion when sea-levels were higher.
This would have involved waves breaking against a small unconsolidated biuft,
undermining it to cause slumping of the overlying sediments.

Bank-collapse deposits usually have erosional curved or planar contact
surfaces (Gibling and Rust, 1984; Postma, 1984; Rust and Jones, 1987,
Williams and Flint, 1990). At this location, however, the contact is undulatory
and it is not erosive. Failure planes should also be observed (cf. Gibling and
Rust, 1984), but at this site they are not. It is possible that the lateral extent of the
exposure is too limited to observe the failure planes. Alternatively, the deposit
may simply represent blocks toppling from an unconsolidated biuff, and thus the
contact would be irregular and tailure planes would not be observed.

The sediment may also represent a debris flow deposit which would
produce the irregular but abrupt basal contact. However, there is no
substantially elevated topography surrounding this area. Debris flow could only
have occurred, therefore, it ice was nearby, creating the necessary elevation
needed to induce debris flow activity. The clast fabric orientation is moderate
which is characteristic of many debris flow deposits (Lawson, 1979; Rappol,
1985; Dowdeswell and Sharp, 1986), but clast plunge angles are consistently
low, which is uncharacteristic (Lawson, 1979; Rappol, 1985). There is also no
evidence to suggest that ice was nearby when this unit formed. Thus the most
likely origin for this unit is thus as blocks toppling from an unconsolidated bluff.

The sediment in unit 3 is similar to open-work beach gravels exposed in
the modern beach at Victoria Cove. The finer gravels at the base of the unit

were probably deposited at the seaward zone of a beach (cf. Komar, 1976;
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Massari and Parea, 1988), and are likely part of the same sequence as unit 1.
Beach sedimentation was interrupted by the slope failure represented by unit 2.
The larger disc-shaped clasts in the upper part of the unit were probably part of
the upper beach face just below the berm crest, indicated by the low angle of
dip of the clasts (cf. Komar, 1976; Massari and Parea, 1988). This unit may,
therefore, represent continuous marine deposition as sea-levels were falling.

The two fabrics from unit 4 have strong Sq values, and K values greater
than 1 which, using the classification of Woodcock (1977), shows that these are
unimodal and are therefore good indicators of ice-flow directions (cf. Lawson,
1979), and are of a basal origin (cf. Lawson, 1979; Dowdeswell and Sharp,
1986). The till matrix is fine (68% silt and clay) which suggests that this may be
a lodgement till using Haldorsen's (1983) criteria and thus abrasion was the
more common comminution process. However, the terminal grades of the
minerals associated with the clasts in the till (mainly ultramafics) are
concentrated in the silt size fraction (cf. Dreimanis and Vagners, 1972) and
could have thus been subjected to both crushing and abrasion. The matrix
texture at this site cannot, therefore, be considered diagnostic of till genesis
because of the bedrock inheritance.

This till has many of the characteristics of a lodgement till (bullet- and
barrel-shaped clasts, a fine matrix, and strong unimodal fabrics) but it cannot be
clearly distinguished from a melt-out till. It, therefore, can only be determined to
be of basal origin. At this site ice was flowing from the southeast to the
northwest. A northwestward ice-flow was detected in the striation record (see

Chapter 6).
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The stratigraphic succession at Carmanville South 2, with basal till
overlying beach deposits is of regional significance. This indicates that there
was a readvance of ice over the beach sediments following initial deglaciation.
This stratigraphy is confined to this site and other directly adjacent sections.
Although there is no direct chronological control on this unit, it must have been
deposited after sea-level reached its maximum elevation (at approximately
12,500 BP), and before complete glacier retreat at approximately 10,000 BP.
Sea-levels are known to have been above present between 12,500 and 10,000
BP (Shaw and Forbes, 1990a), and ice had retreated onland by 12,000 BP
(Shaw et al., in review.) The beach deposits therefore formed between
approximately 12,000 BP and 10,000 BP.

There are two alternatives for the age of this upper till unit. It may have
formed during a late oscillation of the main Late Wisconsinan ice prior to
approximately 11,500 BP. Aiternatively, this event may be correlative with the
Younger Dryas cooling event, dated to between 11,000 and 10,000BP in
Newfoundland (Anderson and Macpherson, 1994), at the end of the Late
Wisconsinan. The till is areally restricted, yet emerged beach deposits are
areally extensive in the coastal environment of northeast Newtfoundland
generally overlying glacially deposited sediments. It can be determined that the
sea-level responsible for the formation of the beach deposits is older than
11,400 BP by comparison with the Bay of Exploits region (MacKenzie, in
preparation)(see Chapter 10). The till overlying these beach deposits therefore
formed after this date, and is probably co-incident with the timing of the Younger

Dryas cooling event recorded elsewhere in Atlantic Canada (e.g. Stea and Mott,
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1989). Therefore, regardless of the precise mechanism responsible for glacial
advance, it occurred between 11,400 and 10,000 BP.

The till at the Carmanville South site was deposited subsequently to the
beach formation (12,000-10,000 BP) which occurred after till formation in other
parts of the region. The restraints placed upon this unit suggest that it can be
perhaps placed within the Younger Dryas which occurred on the Island of
Newfoundland between 11,000 BP and 10,000 BP (Anderson and Macpherson,
1994). Deposition probably occurred from a local ice cap emanating from the
higher land approximately 25-35 km south-southeast of Ragged Harbour
indicated by the presence of greenschist clasts in the till originating in the
Gander Group. All other known glacial events had their origins to the west or

southwest of the site.

5.6 ISLAND POND SITE (MM-29)
Description

MM-29 is situated in the centre of the study area approximately 1
kilometre east of Island Pond (UTM 699500, 5467200). The exposure is over
2m thick and displays three main units (Figure 5.6), (Plate 5.4). The basal unit
consists of at least 1 metre of deformed slate. The basal contact was not
observed. The slate is folded with the most common forms being recumbent and
s-folds. The folds have commonly been displaced by thrust faults on the scale of
a few centimetres. Directional measurements of slate clasts along these faults
were undertaken, and a thrust direction of 038° was determined. The local

bedrock surrounding the area is not deformed.

86



(cm)

200 A

Unit 3
A - matrix-dominated

A A A A diamicton

100"_//\___ Unit 2

| —————__| stratified diamicton

- -

- =
®

<] Unit1
el deformed slate

Figure 5.6: Vertical transect through sediments at Island Pond

Abruptly overlying the deformed slate is a relatively thin (average 25 cm
thick) stratified diamicton unit that is moderately compact. This unit is
extensively brecciated. Laminae of very dark greyish brown diamicton (Munsell
2.5Y 3/2, mf) are interstratified with dark greyish brown diamicton (Munsell 2.5Y
4/2, mf). Each lamina has a maximum thickness of 1 centimetre. The unit
contains substantial clay (approximately 20%) and silt (approximately 26%).

Clasts are dominated by shattered slate, representing approximately 98% of the
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Plate 5.4: Section at Island Pond (MM-29). Unit 1 is composed of
folded and faulted slate, unit 2 is composed of stratified brecciated
diamicton, and unit 3 is composed of till containing small rafts of slate.
Exposure of unit 3 is poor.

total. The 2@ grain-size fraction of the matrix is dominated by at least 95%
crushed shale and slate fragments.

Larger, more resistant clasts have been incorporated into this unit and
show evidence of directional shearing. For example, a quartz clast (3.5cm A-
axis) has been pushed into the darker brecciated material, deforming the

surrounding beds (Plate 5.5). The clast is covered with many small striae.
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Plate 5.5: A quartz clast at Island Pond (MM-29), has been pushed
down into the underlying diamicton. It has been subjected to rotation
indicated by the striations on the surface of the clast. The strata have
been deformed on either side of the clast (Figure 5.7b). The trowel is
approximately 25cm long.

Directly NNE of the clast is a zone where the laminae are wider than SSW of
the clast. There is also evidence of folding of the laminae directly to the SSW of
the clast.

This second unit grades vertically into an 80-cm-thick unit of matrix-
dominated diamicton. The lower part of this diamicton is relatively compact and
olive brown (Munsell: 2.5Y 4/4, m/f). The upper part of the unit has been affected
by pedogenesis, and is consequently less compact. It is yellowish brown
(Munsell: 10 YR 5/8, m/f). Approximately 90 percent of the diamicton is made up

of locally derived shattered slate. The matrix contains 52% sand, 24% silt, and
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24% clay. Also present in this unit are very small rafts of shattered slate. They
have a maximum thickness of 10cm and maximum lengths of 40cm. Apart from
the rafts of shattered bedrock, clast content in the unit is low (<5%) and

consequently clast fabric analysis was not undertaken.

Interpretation

An almost identical sedimentary assembiage to that found at MM-29 was
descrited by Hart and Boulton (1991) and interpreted as being the result of
glaciotectonic deformation. A lower zone consisted of material which had been
overturned and folded in a down-ice direction. An intermediate zone
oflaminated diamicton contained mainly locally derived material but also had a
far traveled component. An upper zone contained more far traveled material
and was generally homogeneous in appearance. This sequence was
interpreted by Hart and Boulton as having been formed by continuous
deposition and deformation. Firstly, when ice advanced across the area,
sediment was subjected to simple shearing (zone of overturning). Then, as it
deformed the sediment, the ice also began to deposit more far-traveled debris
(zone of shearing). Finally, the sediment became so deforrmed that individual
beds could not be distinguished (homogeneous zone).

A similar zone of overturning, a zone of shearing, and a homogeneous
zone can be identified at MM-29. Unit 1 can be regarded as the zone of
overturning. It is made of local slate, a relatively weak rock that vl shear easily.
Unit 1 would have formed as ice was advancing into the area and represents
proglacial thrusting as described by Moran (1971), Aber (1979), Moran et al.,
(1980), Evans {1989), and Hart (1990). As ice advanced over this, material
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began to be deposited and extensive shearing and brecciation occurred due to
alternating compressional and extensional tlow. Finally, the upper sediment
was subjected to sufficient deformation to produce the laminae which are so
thin that the unit appears homogeneous. Although this unit appears
homogeneous, shearing occurred during deposition, as indicated by the thin
rafts of bedrock. The upper two units can be termed "deformation till' using the
definition of Hicock an4 Dreimanis (1992).

The style of detormation (brecciation) present in unit 2 and the many
small striae on the surface of the quartz clast suggests that it has been
subjected to rotation. Rotation is indicative of shearing (Simpson and Schmidt,
1983; Hart and Boulton, 1991; Hicock, 1991; Hicock and Dreimanis, 1992).
Consequently, the approximate direction of shear and therefore also the
approximate direction of ice movement can be determined. The direction of
shearing and folding in the basal slate is along azimuth 038°. Hence, ice
movement was towards the northeast.

Simpson and Schmidt (1983) studied the more resistant grains in foliated
gneisses which have also been subjected to ductile shearing, and noted that
the foliation planes on the upper left-hand side and lower right-hand side of all
clockwise rotating grains are usually more closely spaced (Figure 5.7a). Often
there are small associated microfolds. Usually, the most recently deposited
material on the upper right-hand side of the rotating grain shows more widely
spaced foliation planes. Hart and Boulton (1991} noted similar phenomena in
glacigenic material which has been subjected to shearing. Similar forms were

observed in the laminae surrounding the quartz clast at site MM-29 (Figure
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(after Simpson and Schmidt, 1983}

A: closer spacing of pre-existing foliation planes on the upper
left-hand and lower right-hand side of the rotating grains.
B: microfolds in laminae next to rotating grain.

Figure 5.7: (a) Diagrammatic representation of a grain subjected to ductile shear in gneiss. The
grain rotates and the adjacent laminae become deformed; (b) A quartz clast in till at Island Pend
shows evidence of rotation and is evidence of ductile shear in the till.




5.7b). The style of deformation is anaiwogous to that producing mylonite in
lithified material (Hart and Bouiton, 1991).

The lack of clasts in the upper two units is significant as coarser, more
permeable, clast-rich tills are more resistant to deformation than finer, more
impermeable, clast-poor tills (Boulton and Hindmarsh, 1987; Hicock and
Dreimanis, 1992). Deposition of fine-grained till may occur in depressions
which contain deformable sediment and/or weak bedrock, and may be
dominated by subglacial meltwater sheet flow (Hicock and Dreimanis, 1992).
Site MM-29 lies in a depression, the present basin of Island Pond. The basin
contains relatively weak slate, and may have contained fine-grained glacio-
lacustrine or lacustrine deposits prior to ice override. This would explain the fine
clast-poor till present at MM-29. All of the above conditions are conducive to
shearing between the glacier sole and rigid (probably frozen) sediment or
bedrock (Hicock et al., 1989; Hicock and Dreimanis, 1992).

The Island Pond exposure was the only glacigenic exposure determined
to have been glaciotectonically deformed. Although this appears to be a very
local phenomenon, it is important in determining the glacial history of this area.
If these deposits do represent proglacial thrusting, then ice had 0 have
retreated at least as far south as Island Pond prior to the northeasterly

readvance.
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5.7 CLASSIFICATION OF TILLS IN THE CARMANVILLE REGION
(Summary)

The seventeen diamicton exposures in the Carmanville area have been
classified into various genetic types based on sedimentary features and clast
fabric analysis. These are lisied in Table 5.1. Most of the tills in the Carmanville
region are homogeneous. The most commonly observed sedimentary features
are clay laminae and nodules, sand laminae, and stone lines. Stratified laminae
are usually characteristic of melt-out tills (Shaw, 1982), and stone lines have
usually been considered to be indicative of lodgement till, deformed lodgement
till, and defurmation till (Clark, 1991; Hicock, 1991).

Grain size can sometimes be used as a determinant in classifying tills.
Abrasion (more common in lodgement tills) produces a significant silt
component in a till, whereas crushing (more common in mel:-out tills) produces
a sandier matrix (Haldorsen, 1983). Therefore, in theory, the lodgement tills in
the Carmanville region should be finer than the meit-out tills. However, this
concept is difficult to apply to the tills of the Carmanville region, because where
they accur, the bedrock along the direction of glacial flow is dominated by shale,
slate, and silistone from the Davidsville Group and the Hamilton Sound
Sequence. Most of the minerals derived from these sedimentary and altered
sedimentary rocks have their terminal grades concentrated in the silt and clay
size fractions (Dreimanis and Vagners, 1972). Consequently, all tills, no matter
how they were formed, could potentially have high concentrations of silt in their
matrices. Consequently, grain size is not useful in determining till genesis in the

Carmanville region.
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SITE |S1 S3 K STRIATED | BULLETS/ | PRIMARY STRUCTURES PROBABLE
CLASTS BARRELS GENESIS
11 0.712 {0.017 |1.22 [no no clay stringers, sand laminae, basal melt-out "
0.717 10.019 |1.78 extremely fine grained matrix.
(13 0.509 {0.136 [0.38 jyes yes clay nodules, sand laminae, basal melt-out Wl
0.528 |0.065 {0.14 sand nodules.
15 0.718 |0.038 |0.58 |yes yes stone line, faceted clasts, clay | basal meit-out
nodules, fissile towards top of overiain by
unit. lodgement
27 0.814 10.022 |0.79 |yes no stone line, faceted clasts. basal till
28 |0.543 {064 [0.64 |yes no none basal il |
29 yes no laminated diamicton, thin rafts | deformation till
of bedrock, rotating clasts, fine
grained matrix.
30 0.723 {0.088 |1.76 |yes yes sand and silt laminae, faceted | basal till
0.772 10.059 |1.44 clasts.
31 0.572 10.089 [|0.39 |yes no stone line, faceted clasts, sand | basal melt-out
laminae overlain by
lodgement

Table 5.1: Ciassification of tills in the Carmanville region.
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SITE |S1 S3 K STRIATED | BULLETS/ | PRIMARY STRUCTURES PROBABLE WI
CLASTS |BARRELS GENESIS |
32 0.503 |0.147 [0.42 |yes yes stone line, faceted clasts, sand | basal melt-out
laminae. overlain by
lodgement
35 0.843 |0.070 |10.69 |yes yes stone line, faceted clasts, sand | basal melt-out “
laminae. overlain by
lodgement
37 0.558 |0.157 ]0.98 |yes no stone line, faceted clasts. basal till
41 yes no fissile towards top of unit. basal till
47 0.543 }0.132 }]0.53 |yes no stone line, faceted clasts. basal till
48 0.556 {0.079 |0.28 |yes no stone line, faceted clasts, high | basal melt-out “
percentages of sand.
50 0.748 |0.097 {3.39 |yes yes stone line, faceted clasts, clay | basal melt-out ll
nodules.
51 0.595 |0.114 |0.77 |yes no sand laminae. basal melt-out
0.434 | 0.165 | 0.09
52 0.709 [0.022 |0.39 |yes no clay nodules, extremely fine basal melt-out

matrix, sand and silt clasts.

Table 5.1 (continued)



Twenty-nine grain size analyses were undertaken on the tills of the
Carmanville region. Of these, thirteen are characterized by more than 50% silt
and clay, and 21 contain more than 35% silt and clay (Figure 5.8). These
textures are much finer than the generalized till textures for the Appalachian
region which are generally dominated by more than 60% sand, with till finer
than this being typically composed of reworked glaciomarine or glaciolacustrine
deposits (Scott, 1976). In the Carmanville region, grain size is very much a
function of hedrock source.

Comparisons of differing diamicton units within a single exposure can aid
in genetic analysis. Each of the upper and lower diamictons at MM-15, MM-31,
MM-32, and MM-35, had similar mineralogies and lithologies, but differing
texture. These units probably therefore represent ditfering genetic processes
and distinctions can be made. Many of the diamicton units observed do not
display such changes and thus their genesis is more difficuit to establish.

On the basis of clast fabric analysis, all of the tills in the exposures
investigated in detail in the Carmanville region have been interpreted as basal
tills. Whether clast trend orientations are strong or weak, the average clast
plunge is low (Figure 5.9). Debris flow deposits may have well-oriented trend
patterns, but clast plunges should vary considerably (Rappol, 1985;
Dowdeswell and Sharp, 1986; Gravenor, 1986). If the deposits were of
supraglacial origin, then many of the clasts should have high-angles of plunge.
Also, the mineralogy should suggest distal origins, reflecting the long process of
incorporation at the glacier sole and subsequent transport through the ice mass.
At most of the exposures studied the finest grain fractions were composed of at

least 90% locally derived material.
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SAND SILT

Figure 5.8: Ternary diagram of tills in the Carmanville area

Ten deposits were interpreted as basal melt-out tills. These are located at
sites MM-11, MM-13, MM-15, MM-31, MM-32, MM-35, MM-48, MM-50, MM-51,
and MM-52. All of these tills contain sorted stratified laminae or nodules which
are characteristic of basal melt-out till (Shaw, 1979, 1982, 1987; 1989; Kriiger,
1979; Haldorsen and Shaw, 1982; Dreimanis, 1982). Grain size varies
substantially between the deposits, with silt and clay accounting for between
24% and 74% of the till matrices. This strengthens the argument that grain size

is not a reliable indicator of till genesis in the Carmanville region.
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Site 11

mean trend orientation = 171.3°
S$1=0717
K=1.78

Site 13
Unit 1

mean trend orientation = 319.3°
S1=0.509 )
K=0.38

Site 15

mean trend orientation = 146.3°
S$1=0718
K =0.58

Site 11

mean trend orientation = 163.1°
S1=0.712
K=1.22

Site 13
Unit 2

mean trend orientation = 289.1°
S1=0.528
K=0.14

Site 27

mean {rend orientation = 28.8*
S1=814
K =079

° mean lineation vector

Figure 5.9: Fabric plots of all the tills examined in the Carmanville

region.
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Site 28 Site 30

mean trend orientation = 104,5° mean trend orientation = 143.2°
S1=0.543 81=0.723
K =0.64 K=1.76
Site 30 Site 31
mean trend orientation = 137.2° mean trend orientation = 310.1°
§1=0772 S1=0.572
K=144 K=0.39
Site 32 Site 35
mean trend orientation = 227.3° mean trend orientation = 65.7°
S1=0.503 S1=0.843
K =042 K=10.69

° mean lineation vector

Figure 5.9 (continued)
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Site 37

mean trend orientation = 340,3°
S1=0.558
K=0.98

mean trend orientation = 25.4°
S1=0558
K=0.28

Site 51

mean trend orientation = 272.3°
S1=0.595
K=077

Site 47
mean trend orientatio) = 229.1°
St =0.543
K=0.53
Site 50

mean trend orientation = 280.6*
S1=0.748
K=3.39

Site 51

mean trend orientation = 149 7~
S1 =0.434
K = 0.09

° mean lineation vector

Figure 5.9 (continued)



Site 52

mean trend orientation = 211.3
S1=0.709
K=0.39

° mean lineation vector
Figure 5.9 (continued)

Of the ten diamictons interpreted as melt-out tills, fabric analysis showed

that only three had strongly unimodal fabrics, with high Sq values and K values

greater than 1 (MM-11, MM-35, and MM-50)(Figure 5.9). Two deposits were
relatively well oriented with Sq values greater than 0.7 (MM-15 and MM-

52)(Figure 5.9), but are still categorized in the girdle field of Woodcock's (1977)
graph. The other five till deposits in this category have both low S4 values and
K valuas less than 1. Thus, although basal melt-out tills may have well oriented
fabrics, in practice they often do not. Clasts falling through fluwing water
(laminar and turbulent), and perhaps interacting with other clasts can result in
these weakened fabric orientations (May et al., 1980; Bouiton et al.,, 1984,
Rappol, 1985). Clast fabric orientations considered in isolation are thus
unreliable indicators of basal melt-out till in the Carmanville region.

Four diamicton exposures were determined to contain lodgement till

(MM-15, MM-31, MM-32, and MM-35). At each site there is a transition between
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a lower basal melt-out till and the lodgement till, marked by a clast pavement.
These units were determined to be of lodgement origin because of the high
content of bullet- and barrel-shaped clasts which are associated with abrasion
(more common in lodgement tills) (Haldorsen, 1983); and because of the
extremely fine-grained nature of the tills (these deposits were much finer than
any other till deposit in the Carmanville region). Silt and clay accounted for
between 42% and 88% of the matrices. Direct comparison between these
lodgement units and the underlying basal melt-out tilis aided in the recognition
of genetic differences. At each of the four sites, the grain size of the overlying till
was always finer than the underlying till, yet there were no lithological or
mineralogical differences. Consequently, both tills were probably deposited by
the same ice mass but the mode of clast alteration changed from a process of
crushing in the underlying till, to a process of abrasion in the overlying till.

Five deposits were determined to be basal till (MM-27, MM28, MM-30,
MM-41, and MM-47). There is not enough evidence to determine whether these
are basal melt-out tills, lodgement tills, or deformation tills. Fabrics range from

-vell oriented to poorly oriented. One fabric is strongly unimodal (MM-30 -

Carmanville South 2), and one fabric has an S¢ value greater than 0.7 but a K
value less than 1. Three other fabric analyses have low S4 values and K values
less than 1. Fabric analysis was not undertaken on MM-41. Grain size also
varies, with silt and clay accounting for 33% to 70% of the matrices. Deposits
marked by moderately aligned clast fabric patterns could represent meit-out or
lodgement tills, whereas those with poorly aligned clast fabrics could represent
disturbed melt-out, disturbed lodgement, deformed lodgement, or deformation

till.
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Clast fabric analysis was not undertaken on MM-29 because of the
absence of clasts. It has, however, been interpreted as a deformation till on the
basis of lamination, brecciation, rotation of clasts, and rafts of local bedrock in
the till. These features are all associated with ice thrusting.

Of the 17 diamicton exposures studied, stone lines (clast pavements)
were observed at 9 sections. They occurred at MM-15, MM-27, MM-31, MM-37,
MM-47, MM-48, and MM-50, as well as at MM-32 and MM-35 discussed above.
At MM-32, MM-35, MM-15, and MM-31, textural changes were observed above
and below the clast pavements, with the sediments above the clast pavement
being finer than the sediments below. Hence, at these sites differing density
gradients above and below the clast pavement could have resulted in
differential settling of the clasts to a common level. As indicated in the
discussion of MM-32, if differential settling occurred, it is unlikelv that these
surfaces would be flat, as clasts of different densities occur within the
pavement. It was determined that the pavement occurred between the
deposition of basal melt-out till and the deposition of lodgement tiil.
Consequently, the pavements could have formed as a direct resuit of a change
from melting ice to advancing ice. Clasts previously melted out from the ice
would become lodged next to each other as ice started to advance over them,
allowing the upper surfaces of the clasts to become striated.

The stone lines at the other 5 sites are marked by no textural differences
in the tills above and below the pavements. These stone lines lie within a
structurally and texturally homogeneous till. Consequently, there is no evidence
indicating changes in the density gradients of the tills and clasts are thus

unlikely to have sunk to a common level in the till. Subglacial deformation may
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have occurred in the tills although this cannot be absolutely determined.
Subglacial deformation may result in an homogeneous appearance (e.g. site
MM-29), but homogeneous tilis are often also found at sites not subject to
deformation. Using similar criteria to those listed above, the tills can only be
determined to be of basal origin. The origins of the clast pavements cannot be
determined.

In Chapter 4, the tills of the Carmanville region were classified
geomorphically, mainly as veneers and hummocks. In this section, however, it
has been shown that these hummocks and veneers can be composed of very
different genetic till types, and thus the tills of the Carmanville region are far

more complex than would be suggested by their geomorphic expression.
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CHAPTER 6
ICE-FLOW HISTORY

6.1 - GLACIAL FLOW FEATURES
6.1.1 - Striations

A glacial striation is an erosional scratch or groove on the surface of an
ice-abraded rock, produced by the scoring action of rocks transported along the
base of glacial ice. Striation orientations indicate local ice-flow directions.
Although individual striations reflect the motion of single clasts, the regional
pattern of measurements can be used to infer the pattern of glacial flow.
Striations are frequently associated with deglaciation, with many of the features
formed by glacial advance being destroyed.

Twenty-two single and multiple striation sites were discovered in the
Carmanville area. These, combined with previously known sites (Taylor et al.,
1991), are interpreted as showing the influence of three ice-flow events:
successively eastward, northeastward, and northwestward. Commonly,
striations from the eastward flow are cross-cut by striations from the
northeastward flow, and both are cross-cut from striations from the
northwestward flow. Occasionally evidence of the eastward flow is preserved in
the lee side of rock outcrops, the tops of which show evidence of the
northeastward and northwestward flows. Two striation directions are well
represented at one site on the Aspen Cove highway (Plate 6.1).

Individual exposures show that the eastward flow is well preserved with
striations being on the order of a millimetre or more deep. It is not, however, the

most extensive. The northeasterly flow is also well-represented in the striation
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Plate 6.1: Striations (from the Aspen Cove/Ladle Cove highway),
preserved in the leeside (sloping surface) of this outcrop represent two
ice-flow directions. These are (1) north-northeastward ice-flow (026°),
and (2) north-northwestward ice-flow (344°). The northeastward flow is
the oldest as striations from it are cross-cut by striations from the
northwestward ice-flow. The straw marked with an "x" does not represent
a striation orientation. The compass is for scale only and cannot be used
to determine ice-flow directions, as the surface it is on is sloping.

record and is found in all parts of the study area. The northwestward flow is less
well represented with only minor "scratches" evident. No evidence for this flow
was found on the western side of Gander Bay or in the Carmanville,
Frederickton, and Mann Point areas. Striation orientations are shown in

Appendix 3.
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6.1.2 - Roches Moutonnées

Roches moutonnées are asymmetrically eroded rock bodies with a gently
sloping smooth abraded surface developed on the stoss side, and a rougher,
steeper slope developed on the lee or down-glacier side. The long axes of
roches moutonnées are oriented parallei to ice-flow direction. They are
produced by the action of advancing ice which moulds and abrades the up-ice
side of a rock outcrop. A cavity is formed on the down-ice lee-side which is
plucked by frost action facilitated by the low pressure conditions, and thus the
lee-side becomes steeper than the stoss side (Sugden and John, 1976). The
form of roches moutonnées is closely related to bedrock structure, especially
dip and strike of bedding planes, layering, joints, and other lines of structural
weakness (Gordon, 1981; Lindstrém, 1988). Where joints are few and small,
large roches moutonnées will be formed. Where there are many large joints,
smaller roches moutonnées will be formed (Rastas and Seppéla, 1981).

Although roches moutonnées can be developed by any flowing glacier,
they are most prominent in areas where the trends of rock strata or structures
are aligned parallel to glacial flow. Sometimes the bedrock weaknesses are
aligned in such a way that roches moutonnées form transverse or obliquely to
glacial flow (Gordon, 1981). This usually occurs where joint systems exist in the
rock oblique to the bedrock strike or where the bedrock strike is at a relatively
low angle. Thus, at certain locations roches moutonnées may be a result of
glacial-induced fracturing alone rather than of moulding and fracturing (Gordon,
1981). In many areas, the initial direction of glacial flow is modified by the pre-

existing bedrock topography. Consequently, roche moutonnée orientations in
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areas of muitiple glaciation commonly reflect only a single flow event, marked
by ice movement parallel to the structural weakness.

Roches moutonnées occur extensively throughout the study area, and
they range from approximately 20m to 80m in length. They all have strong
northeast to north-northeast orientations which parallel the strike of the bedrock.
The youngest north-northwest flow, advancing approximately normal to the
direction of structural weakness, apparently did not modify the previously
formed roches moutonnées significantly. The earlier easterly event had an
erosional effect on the landscape as indicated by striations. This ice-flow may
have abraded the leeside of some outcrops although the trend of the resultant
roches moutonnées may have been north-northeast. No features trending

eastward were detected in the Carmanville area.

6.1.3 - Crag-and-Tails

Crag-and-tails are elongate ridges of rock outcrop and glacial debris
which form parailel to ice-flow direction. They have a steep end (crag) which
faces up-ice. This is usually made up of resistant rock which obstructs glacier
movement, thus creating a cavity and inducing deposition of the sediments (tail)
directly down-ice of the bedrock crag.

Crag-and-tails occur rarely in the study area. They occur directly to the
northeast of Shoal Pond and are oriented in northerly to northeasterly

directions. They range from approximately 50m to a kilometre in length.
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6.1.4 - Rogen Moraines

Rogen moraines are believed by some authors to form transverse to ice-
flow direction (Shaw, 1979; Bouchard, 1989). They normally occur as a series
of arcuate ridges concave in the down-ice direction. The origin of rogen
moraine is still controversial (Lundgvist, 1969; Minell, 1977; Shaw, 1979;
Bouchard, 1989; Fisher and Shaw, 1992) but the fabric patterns, sediment
texture, and clast lithology of the materials indicate formation at the glacier sole.
Strong fabric orientations parallel to regional ice-flow are usually, but not
always, present within rogen moraine sediments.

One possible origin of rogen moraines is deposition transverse to ice-
flow as a direct result of localized compressive stresses allowing shearing and
stacking of slices of near-base englacial ice (Bouchard, 1989). Moraines formed
by basal shearing are clear indicators of ice-flow directions.

Rogen moraines may also form as a result of fluvial processes and debris
flow activity as suggested by Fisher and Shaw (1992). This praocess involves the
formation of cavities below the ice by subglacial meltwater erosion and the
subsequent filling of these cavities with sediment. The moraines could also
have formed due to subglacial erosion of pre-existing sediment in a manner
similar to the formation of drumlins (Shaw and Sharpe, 1987; Shaw et al.,
1989). In both cases the features form transverse to meltwater flow, which in a
deglacial environment may not be the same as the ice-flow direction.

Rogen moraines occur at several locations in the Carmanville region.
The most extensive belt in the southeast part of the study area covers an area of
approximately 120km?2. Individual moraines are between 100 and 1000m long

and attain maximum widths of 150m. They rarely exceed 20m in height. On
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aerial photographs they have a ribbed appearance with the horns of the
moraines pointing in a northerly to northeasterly direction. These features may,
therefore, indicate northward to northeastward flowing ice, northeastward
flowing meltwater, or both.

Smaller areas of rogen moraines are located at Island Pond, in Middle
Arm and Eastern Arm, and near Aspen Cove. All of these areas are marked by
topographic lows. In Middle Arm and Eastern Arm, rogen moraines form linear

istands. Flow directions in all areas were northerly to northeasterly.

6.1.5 - Drumlins

Theories on the origin of drumlins are controversial. They can be
composed of sand and gravel, laminated clay, till, or solid rock (Menzies, 1979).
Their most notable traits are their streamlined form with a blunt steeper slope at
the up-ice side and a long narrow slope on the down-ice side. There are,
however, many deviations from this form (e.g. Doornkamp and King
1971;.Shaw and Kvill, 1984; Shaw et al.1989).

Researchers have traditionally linked drumlin form directly to the
direction of ice-flow, the deposition of till, and more specificailly with the
deposition of lodgement till (Boulton, 1979; Menzies, 1979). Shaw (1983),
Shaw and Kuvill (1984), Shaw and Sharpe (1987), and Shaw et al., (1989)
showed that many drumlins are composed of stratified material or even
bedrock, and thus these cannot have formed due to lodgement processes.
Shaw and his co-workers noted how drumlin form was very similar to inverted
melt-water erosional marks as described by Allen (1971). This led Shaw (1983),

and Shaw and Kvill (1984), to build a model whereby subglacial meltwater
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produced similar erosional marks on the underside of an overriding glacier due
to flow separation. Drumlins are therefore the casts of these erosional marks
and formed when the cavities filled with sediment.

Shaw and Sharpe (1987), and Shaw et al. (1989), noted how many
drumlins are eroded into bedrock. They compared these with small scale scour
remnant ridges as described by Allen (1982). These features are commonly
termed rat tails and form on the downstream side of an obstacle. The obstacle
can be any resistant inclusion such as a pebble, or a garnet or quartz crystal.
Directly upstream of the obstacle is a large concentric scour, and directly
downstream is a ridge paralleled by two furrows. Drumlins can be formed in the
same way. If large sheet floods were to exist subglacially and were responsible
for eroding upwards into the ice, then it is possible that the meltwater could
erode down into the underlying sediment or bedrock to form drumlins. Shaw
and Kvill (1984) suggest that meltwater flow directions may be different to ice-
flow directions but the characteristics of the two flows and their effects on the
landscape is at present unknown. Consequently, like rogen moraines, these
features may be indicative of meltwater flow directions rather than ice-flow
conditions and thus may not be reliable indicators of ice-flow directions.

Drumiins occur in the Carmanville region to the south and east of Island
Pond. They are generally oriented southwest to northeast. Other drumlins were
noted at the head of Gander Bay below sea-level (Shaw et al., 1990). These are
between 150m and 800m long and range between 5m and 20m in height.
These drumlins may represent northeastward ice-flow, northeastward meltwater

flow, or both.
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6.2 - CLAST FABRIC

When a clast is incorporated into glacial ice, the long axis is commonly
aligned parallel to the direction of ice-flow, dipping up-ice (Dowdeswell and
Sharp, 1986). Well-oriented clast fabrics from glacial sediments are considered
to be good palaeo-ice-flow indicators (Dowdeswell and Sharp, 1986). Strong
unimodal or bimodal fabrics usually indicate basal melt-out till or lodgement titt
(Lawson, 1979). These may, however, be subsequently reworked resulting .=t a
more random fabric (Boulton, 1971; Lawson, 1979). Subaerial debris flows can
result in less aligned girdle distribution clast alignments (Boulton, 1971), and
care must be taken in distinguishing these deposits from primary till deposits.
(See Chapter 3: Section 3.4 for clast fabric techniques).

Twenty one clast fabrics were obtained from diamictons throughout the
map area. The principal eigenvalues of these range from 0.434 (randomly
oriented) to 0.843 (unimodal). The K-values of these fabrics range from 0.09 to
10.69. Using the methods of Woodcock (1977) these values can be plotted two-
dimensionally (Figure 6.1).

Six of these have K-values greater than 1, ranging from 1.22 to 10.69.
The principal eigenvalues of these fabrics range from 0.712 to 0.843. These
fabrics are unimodal and are thus interpreted to represent the iocal ice-flow
directions (cf. Lawson, 1979). All of these are interpreted as basal meit-out till
although two sections are capped with lodgement till. Four fabrics have a
northwest orientation, one has a northeast orientation, and one has a easterly

orientation. These fabric plots are shown in Figure 6.2,
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Figure 6.1: Diagram of clast fabric eigenvalues using the method of
Woodcock (1977). The y-axis is the logarithm of the ratio between S1
and S2, and the x-axis is the logarithm of the ratio between S2 and S3.
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SITE 1 SITE 11

mean trend orientation 171.3 mean trend orientation 163.1
$1=0,717 S1=0.712
K=1.78 K=1.22

SITE 30 SITE 30

mean trend orlentation 137° mean tend orientatlon 143.2
S$1-0.772 81 =0.723
K=1.44 K=176
SITE 35 SITE 50
mean trend otientation 65.7 mean trend orientation 280.6
S1=0.843 S1.0748
K = 10.69 K. 339

¢ mean lineation vector

Figure 6.2: Stereoplots of fabrics used to determine ice flow
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Fabrics which have girdle distributions have principal eigenvalues
ranging from 0.434 (randomly oriented) to 0.814. These represent disturbed

basal tills and debris flow deposits (see Chapter 5).

6.3 - CLAST PROVENANCE AND ICE-FLOW

Clasts and grains were categorized into six main lithological groups

based on provenance. These are:

1. the Gander River Complex;

2. the Davidsville Group;

3. the Hamilton Sound Sequence;

4, white granites (e.g. the Aspen Cove Pluton);

5. pink granites (the Island Pond Pluton);

6. the Gander Group.
When clast provenance could be assigned to a specific outcrop, the location of
that outcrop was noted.

The distribution of the clast assemblages from tills in the study area is
shown in figure 6.3. Not all lithological groups are Lseful for determining
transport directions. For example, white granites are found in almost all
samples. Most of these granites are petrographically similar (Currie, 1992), and
as the granites crop out in several locations, determining the provenance of a
particular clast to a particular outcrop is impossible.

The most useful clast type indicating transport directions originates from
the Gander River Complex. These clasts are relatively soft and thus will be
incorporated into glacial ice easily (cf. Shilts, 1982). The Gander River Complex

is a belt which extends across the map area from southwest to northeast, and
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hence minor accurrences of clasts at some distance on either side of this belt
would indicate ice movement. Clasts from the Gander Group will not be
incorporated as easily into glacial ice, although it may be possible to detect
minerals or small grains of abraded rock from this group.

Clasts from the Gander River Complex are found at most locations in the
study area. Their highest concentrations are directly to the northwest of the belt.
Where the Gander River Complex does not crop out (e.g. between Island Pond
and Shoal Pond) concentrations directly to the northwest are very low,
generally between 5% and 10%. The highest concentration of Gander River
Complex clasts observed in the study area is located directly overlying the
Gander River Complex near Shoal Pond (Site MM-13). The sample is from
about 3m depth, much deeper than most of the other samples taken in the area.
Five kilometres northwest of this site concentrations decrease to between 34%
and 64%. Approximately 6km to the northwest, concentrations decrease to
about 28%. Concentrations decrease to about 10%, 10km north of the site.
Consequently, approximately 10km from the source area 10 percent of all clasts
identified originated from the Gander River Complex. This dispersal pattern is
clearly related to northwestward ice-flow. A similar pattern of concentrations can
be observed related to the outcrop at Barry's Pond.

Although no obvious patterns can be observed in the distribution of clasts
derived from other rock types in this area, there are a few interesting
occurrences. One clast identified as being from the Island Bay Pluton was
detected 4km east of that outcrop. Clasts from the Davidsville Group were

detected east of the Gander River Complex. The distribution of these clasts
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relates to transport by eastward ice-flow. They have probably been
subsequently reworked by later ice-flows.

Clasts from the Hamilton Sound Sequence are found in large
concentrations in the source area. Concentrations decrease in the samples
directly to the east of the Hamilton Sound Sequence where they are found in
small concentrations (less than 1%).

Clasts from the Barry's Pond Conglomerate (part of the Davidsville
Group) are easily recognizable, as they contain pebbles from the Gander River
Complex in a dark green sandy silty matrix (Currie, 1992). These clasts are
usually substantially weathered and thus break easily. Clasts from this unit are
found up to 5km northwestward of the source area. This distribution thus reflects
transport by northwestward moving ice.

Studies of the finer grain sized fractions proved relatively inconclusive. At
most sites, 75% or more of the sample was made up of crushed slate, which in
most cases reflects the underlying bedrock. At almost all sites there is a minor
component of crushed schist or minerals derived from this such as talc, chlorite,
biotite, and hornblende. These minerals and rock fragments have their origins
in the rocks of the Gander Group and consequently represent dispersal by

northwestward moving ice.

6.4 - LAKE SEDIMENT GEOCHEMISTRY

Using the maps published by Davenport and Nolan (1988), trends can
be observed in the distribution of certain trace elements in the Carmanville
area. The most notable of these are the elements associated with the Gander

River complex: Cr, Sb, Sc, Au, As, and Ba. In each case there is a definite

119



concentration of material directly to the northwest of outcrop of the Gander River
Complex, at the head of Gander Bay, and in Eastern Arm. The material to the
northwest of the Gander Complex shows an abrupt increase up to 2km from the
outcrops. Concentrations decrease slowly with distance in a northwest

direction.

6.5 - ICE-FLOW HISTORY

The Carmanville area has been subjected to at least three ice-flow
events during the Late Wisconsinan, Striations indicate that the first of these
was an easterly ice-flow that had little influence on the landscape. It trends
approximately 075°. This ice covered all of the study area but it did not ¢low
directly towards the coast (Figure 6.4). In accordance with the model of St. Croix
and Taylor (1990), this ice-flow probably was associated with the maximum
extent of glacial cover, which persisted until the onset of deglaciation. This ice
flowed obliquely to the strike of the underlying bedrock, and hence did not form
roches moutonnées or influence the landscape morphology. St. Croix and
Taylor (1990) postulated that ice may have flowed down from the Northern
Peninsula into the Notre Dame Bay area causing . deflection of the ice moving
from the Central Uplands in an easterly direction. Subsequent ice-flows may
have erased most of the evidence of the easterly flow with few stnations
preserved in the lee of bedrock outcrops. Evidence of this flow is found
extensively throughout the surrounding region, between Grand Falls and
Gander Bay (St. Croix and Taylor, 1991), and in the Gander Region (Taylor and
St. Croix, 1989; Batterson et al., 1991). The one till tabric indicative of easterly

flow was taken at site MM-50.
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The second ice-flow moved northeasterly to north-northeasterly (Figure
6.5). This event had the largest influence on the landscape. Striations, roches
moutonnées, fiutings, and crag-and-tails throughout the Carmanville area
reflect this event. The erosional features have a strong northeast to north-
northeast orientation, which reflects the underlying bedrock trends. This flow
has been found between the Baie Verte Peninsula and Bonavista Bay (St. Croix
and Taylor, 1990). It is consistent across the whole of northeast Newfoundiand
suggesting that there may have been an ice divide crossing the Island eastward
between approximately Red Indian Lake and the Bonavista Peninsula
(Jenness, 1960; Grant, 1974; St. Croix and Taylor, 1991). The one fabric
indicative of northeasterly ice-flow was taken at site MM-35.

The third ice-flow event was northwesterly (Figure 6.6). This event is not
represented in terms of large-scale landforms. Fabric analyses and striations,
however, show that a northwesterly ice-flow was influential throughout the
entire Carmanville region apart from the area to the west of Gander Bay. The
patterns of ice-flow documented here conform to those proposed by St Croix
and Taylor (1990) for north central Newfoundland.

Drumiins and rogen moraines have northeastward trends. If these were
formed by northeastward ice-flow, they would probably have been destroyed by
the subsequent northwesterly ice-flow, or would have fluted surfaces, evidence
for which is absent. These deposits are therefore interpreted as representing
northwestward ice-flow and were probably moulded by subglacial meltwater
flowing in a northeasterly direction, following the main bedrock trends in the

area.
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There was a final period of glacial activity in the Carmanville area
occurring subsequent to'high sea-levels. This is evident in the form of till
deposition by ice that was flowing northwestward. The evidence for this is
limited and it is therefore difficult to determine whether this period ot glacial
activity is related to the final phase of Late Wisconsinan ice or is related to the
Younger Dryas cooling event. The evidence suggests that it may represent

Younger Dryas activity (see Chapter 5: Section 5.5).
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CHAPTER 7
SEDIMENTOLOGY 2: GLACIOFLUVIAL SANDS AND
GRAVELS

7.1 - INTRODUCTION

The largest, most complex, and best developed areas of glaciofluvial
sands and gravel sections occur along Route 330 between Musgrave Harbour
and the Aspen Cove access road. These sediments comprise the "Ragged
Harbour Moraine" which was described in chapter 4. Sections vsere studied at
six locations (MM-1, MM-2, MM-3, MM-4, MM-5, and MM-6)(Figure 7.1).
Sedimentary assemblages are complex and the number of units is large.
Consequently, nineteen vertical transects were described and analyzed in
detail. Two large sites (MM-3 and MM-4) show typical sequences for the area
and thus will be described in detail here. MM-4 (Ragged Harbour 1) is a large

active gravel pit, and MM-3 (Ragged Harbour 2)s a large abandoned gravel pit.

7.2 - RAGGED HARBOUR 1 (MM-4)

Ragged Harbour 1 (MM-4) is a large gravel pit situated 3km south of
Ragged Harbour. It displays a series of complexly interbedded silts, sands,
gravels, and diamicton (Figure 7.2), which were analyzed and rescribed as a
series of 10 venrtical transects (Figure 7.3). The contacts between these units are
characteristically abrupt. Structureless and high-angle planar cross-bedded
gravels are overlain by rippled sands, which in turn are overlain by deformed
silt and sand. The assemblage comprises a series of high-angled planar cross-

bedded gravels, with beds commonly separated by upper and lower bounding

126



.0¢ .69

HAMILTON SOUND

Lel

Ragged Harbour Moraine

e ]

KM

0 5 wi
o
!

54° Q0°

54< 30°
Figure 7.1: Location map of glaciofluvial deposits and all glaciofluvial sites studied in

the Carmanville region.

G160



8¢l

NE

Gmasl §

X A D g

8L b q 4 & £/ 7
e AL
LY 77 70 e

>

" @ -~
T o VT 7

Smasl B

T = Transect

. ... structureless silts and
1. +.| sands

deformed silts and sands

/(c . .
“a tippled silts and sands

Geat P
27o-| pebbles and cobbles

R
0 5

—de

SwW
T
AN A\
‘\': \\“\‘\
3 Q

4 ! ldiamiaon

\ high angle planar
\ cross beds

\Y | trough cross beds

:\P fautts

10

metres

Figure 7.2: Generalized stratigraphy at site MM-4 showing the location of transects




621

42

38 J

m asl

36 -

Structureless sang

’ high-angle planar
] beddad sanc

deformed siits and

sands

f1prea sancs

I & ] clast-gom~aeq giamicians

structureless gravels
7a7] high-angle planar-
beddad gravels
trough-beaded gravels

!E graded gravels

- o WETWIR EX)
ReDr Hiolr™ X YTo)

Figure 7.3: Sedimentary transects at Ragged Harbour 1 (MM-4).




og!l

1 Lo
14 _ structureless sand structureless gravels

tigh-angle planar 7207 high-angle planar-
a bedced sang % bedded gravels
ﬁ%:m ks and '?ég trough-bedded gravels
fpoled sancs graded gravels
42 _ E clasi-dominated camictons
1 2':{;5\/6
/
40
2
T8
38 _¢
36 4
T7
|
\ '
|
R I ;
: T10
i
L

Figure 7.3: (continued)



surfaces. Discontinuous beds of diamicton locally overlie the gravels. The
uppermost unit of the sequence is trough cross-bedded and high-angle planar
cross-bedded gravels. The upper surface of these gravels has been reworked
by marine action to depths of up to 1m to form a terrace at 46m asl.

As the site is complex and the number of units is large, the sedimentary
succession will be described as a series of four textural units:

1. a lower gravel unit;

2. a sand and silt unit;

3. a diamicton unit; and

4. an upper gravel unit.

7.2.1 - LOWER GRAVEL UNIT
Description

The stratigraphically lowest sedimentary unit observed at MM-4 is gravel-
dominated and varies from structureless cobble gravels to high-angle (18°-32°),
planar cross-stratified, interbedded fine to coarse gravels and sands. The
structureless gravels were owserved at one location only (transect 8), and
limited exposure restricted analysis. The unit is best exposed at transect 1. The
whole exposure is described here.

The height of transect 1 is 165cm, and the lateral extent of the exposure
is 40m (Figure 7.4). It is composed of a sequence of interbedded, high-angle
planar cross-bedded cobble and pebble gravel, and sand. The beds at the
western end and the eastern end of the exposure dip at angles between 30° to

32° andin the central part of the saction they dip at 18° The direction of dip
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varies throughout the exposure between 070° and 104°. The contacts between
beds are abrupt.

Pebble and cobble gravel beds range from 8cm to 35cm thick and are
not graded. The gravel is clast-supported, with approximately 25% to 30% of
each bed being matrix, composed of well sorted coarse sand. Clasts are
generalily spheres, using the Zingg (1935) classification, and they are mostly
subrounded to rounded with some rounded clasts. They are not imbricated.
Schists account for 48% of all the clasts observed, 26% are granite, and 9% are
gneiss. Minor quantities of sandstone, diorite, gabbro, and shale are also
present.

The sand units range from 4cm to 21cm thick and are made up almost
entirely of coarse sand with minor quantities of fine sand and silt (<6%). No
grading or structures were observed.

One bed is anomalous within this sequence. it is a clast-dominated
diamicton that contains granules and pebbles and grades upwards to pebbles
and cobbles at the top of the bed. Its maximum thickness is 1 metre and it
extends laterally for at least 3 metres. The unit tapers east to west from a
thickness of 1m to approximately 50cm. The westernmost extent is concealed. It
overlies high-angle planar cross-beds above an erosional contact, and is
overlain by other cross-stratified gravels, above a horizontal and planar contact.
Clasts are mostly subangular to subrounded. The matrix is composed of 40%
sand, 44% silt, and 6% clay, and the diamicton is therefore finer and more
compact than the surrounding beds. The clast assemblage is dominated by

37% white granite, 33% schist, 10% granite from the Deadman's Bay Pluton,
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6% gneiss, and small quantities of chlorite schist, basalt, sandstone, and

diabase.

Interpretation

High-angle planar dipping beds are often indicative of deltaic deposition
or linguoid bar formation (Allen, 1968, 1970, 1983; Miall, 1978; Harms et al.,
1982). Deltas are deposited as foreset beds or avalanche faces of prograding
sloping surfaces and this is the likely origin of this unit. The dip angle and the
size of the material transported would suggest an ice-proximal location for most
of these pebbles and cobbles (cf. Thomas, 1984). As the rate of deposition and
mean grain size decreases with distance from the sediment source (Allen,
1968), the angle of dip of the beds will decrease with transport distance due to
the reduced angle of repose. The foreset beds have the greatest rate of
deposition (Weimer, 1970; Harms et al., 1982) and are closest to the sedimenc
supply. The aiternating bands of coarse clasts and sand can be explained
either by fluctuating flow regimes, or avalanching of oversteepened foresets,
which is more common in ice-proximal environments where slope angles are
higher. Prior to deposition of the overlying beds, observed at other sections at
MM-4, the topsets and an undetermined thickness of the foresets were eroded.

The diamicton bed is interpreted as a debris flow deposit. In a deltaic
environment deiris flow would have taken place due either to oversteepening
of the dalta slope or as a result of some other mass instability. Debris flow
deposits are typically structureless and are composed of diamicton, but inverse
grading can occur due to dispersive pressure within the flow (Middleton and

Hampton, 1973). They form due to the downslope movement of mixtures of
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clasts, clay and water due to gravily (Middleton and Hampton, 1973), and can
flow down slopes as low as 1° (Curry, 1966). The terminus of a debris flow

deposit usually has a blunt steep-sided profile, and an uneven contact such as
that observed at MM-4.

7.2.2 - SAND UNIT

The sand unit accounts for approximately 25% of all the deposits
observed at the Ragged Harbour 1 site. It can be divided into two types. The first
of these is a finely laminated (with structureless beds) coarse silt and fine sand
with extensive soft sediment deformation structures. The second style of sand

deposition is rippled and rhythmically bedded.

7.2.2.1 - Deformed fine sand and coarse silt unit
Description
The fine sand/coarse silt unit is faintly laminated throughout its extent. it
has, however, been deformed, which has severely disrupted and obscurad the
primary lamination, often causing the deposit to appear homogeneous. The
deformed sediments are up to 4 metres thick, and extend laterally up to 25
metres. The deposits commonly have matrix compositions between 26% and
52% sand, and 38% and 74% silt (Appendix 2). The clay component is
approximately 10%. High-angle (70°-85°) normal and reverse faults are
common throughout with displacements reaching a maximum of up to 2 metres.
Soft-sediment deformation structures observed at MM-4 include diapirs
and flame structures, ball and pillow, dish and pillar, recumbent folds, and

convolute lamination in the form of box folds and spiral folds. These are water
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escape structures and structures related to reverse density gradients (cf. Alien,
1983) and occur as sediment is rapidly deposited over underlying saturated
sediments (Lowe, 1975). They occur most commonly in subaqueous sediments
which were deposited rapidly, in environments such as deep water basins,
storm influenced shallow marine settings, deftas, or river floodplains.
Development is in response to stresses originating in four ways: 1) gravitational
instability caused by vertical contrasts in bulk density; 2) non-uniform confining
loads; 3) the presence of sediment on a slope; and 4) fluid flow, either at the
sediment-fluid interface or internally (Allen, 1983). Deformation structures are
discussed here in four groups. These are: 1) dish and pillar structures; 2) diapirs

and flame structures; 3) ball and pillow structures; and 4) convolute lamination.

Dish and PRillar Structures

The dish structures at MM-4 range from a few centimetres to
approximately 50cm across. Heights of these features are consistently between
5 and 8 cm. The large dish structures generally have flat bases whereas the
small features are strongly concave upward. There is a concentration of finer
sediments in the base of each feature. The dishes tend to be concentrated
towards the top of the deformed silt and sand beds but are best developed
along a single plane in the central part of the unit (Plate 7.1). It cannot be
determined whether the dishes at MM-4 formed due to the trapping of mobilized
fines (cf. Lowe and LoPiccolo, 1974), or formed due to cavity collapses (cf.
Pederson and Surlyk, 1977). The mode of formation is not necessarily important

as both theories involve the rapid upward escape of porewater.
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Plate 7.1: Large scale and small scale dish structures at Ragged
Harbour 1 (MM-4). These are best developed towards the top of the
deformed silt and sand unit. The photograph shows approximately 2
metres of sediment from top to bottom.

In most environments pillar structures are strongly associated with dish
structures. They occur as circular columns or sheet-like clay-free curtains of
structureless or swirled sand and/or silt. They can intrude through metres of
laminated or cross-laminated sands. The formation of pillars involves the
localized breakdown of grain-supported sand frameworks by one of two
processes: 1) fluidization where the weight of individual sediment grains
becomes partially or entirely supported by the drag of the upwards moving

water; and 2) liquefaction where loosely packed, metastable grains are shaken
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loose from each other and briefly settle unsupported through the pore fluid
(Allen, 1982). Consequently, pillar formation is also related to the upward
movement of escaping pore water (liquefaction) in rapidly deposited thick silt
and sand beds. Unlike dish structures, the mode of deposition is rapid.

At MM-4, pillar structures are found throughout the extent of the
deformed silts and sands. The central area of each pillar structure is composed
of medium grained sand and is homogeneous. Laminae in the adjacent
sediments are sharply deformed upwards adjacent to the pillar structure (Plate
7.2). Unlike dish structures, pillars are not concentrated in the upper parts of the
unit, but occur throughout the deformed silts and sands. They are generally
large, ranging from 0.5m to 1.5m high and up to 0.5m wide. They often dissect
the deformed and laminated silts and sands. Like dish structures, pillars form
due to the rapid upward escape of porewater (liquefaction) resulting in the
intrusion of structureless sand through metres of laminated or cross-laminated
sand or silt. Some pillars at MM-4 are topped by a plug of fine grained sit,
marking the point where pore water escape ceased. The effect of rapidly

upward moving pore water locally caused failure and faulting of overlying beds.

Dlapirs and Flame Structures
Diapirs and flame structures form as a consequence of inverted density
gradients in stratified successions (Mills, 1983). Instability develops between
liquefied sand and finer sediment layers, which establishes a reverse density
gracient due to the differential porosities of sand (approximately 45%) and clay
(70-90%) (Mills, 1983). If the underlying clays are more viscous, broad forms

develop with sharp crested diapiric intrusions between them. These occur most
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Plate 7.2: Pillar structure at Ragged Harbour 1 (MM-4). Porewater
tried to escape vertically removing the finer grained clays and silts and
leaving behind relatively coarse structureless sand. The overlying silts
restricted the complete escape of porewater at this location although the
force of the escaping porewater was strong enough to cause upthrusting
of the overlying sediments. The knife is approximately 25cm long.

often when there is differential loading of sand beds (Dzulynski and Walton,
1965).

Diapirs and flame structures were observed at transects 2, 3, 4, and 5 at
MM-4. They are also common at sites MM-1, MM-2, MM-5, and MM-6. They
range in scale from 1cm to 0.5m wide, and from 5¢cm to 1 metre high. The tops of
the features are sharp and they often penetrate one or two of the overlying
strata without deforming the strata substantially (Plate 7.3). Strata within the

diapir are perfectly preserved and follow the outline of the diapir shape. These
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Plate 7.3: Large diapir at Ragged Harbour 1 (MM-4). Coarse sand and
fine granules overlie a fine silt bed which produced a reverse density
gradient when the sediments were saturated. The more viscous silts
hence intruded into the coarser sands and granules. The hammer is
approximately 40cm long.

features are commonly overturned or recumbent at the top. Beds containing
diapirs are always overlain by coarse sand beds or units of small pebbles
confirming that they formed due to reverse density gradients. Palaeoflow
measurements taken from these deformed loading structures show that almost
all are deformed to the NE/NNE (Figure 7.5). They are deformed due to
directional loading of the sediments from above. These features are generally

composed of 20-25% clay, approximately 55% silt, and 20% sand.
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due to loading at all glaciofluvial sites in the Carmanville region.




Ball and Pillow Structures

Ball and pillow structures are genetically related to diapirs and flame
structures but occur rarely at MM-4. They are most common in transects 2, 3,
and 4. They are generally isolated examples, but are easily recognizable as
medium to coarse sand beds are completely detached from their related
overlying sand beds. They are usually about 20cm in diameter. The sand
laminae within the structures are well preserved and follow the shape of the
"ball", losing their original expression. The finer silt laminae which envelop the
sand are also well preserved and hug the outside of the "ball" structure.

Ball and pillow structures form due to differential loading of soft fine
sediments by rapidly deposited sands (McBride et al., 1975). The instability
between the liquefied sand and the finer sediment layers establishes a reverse

density gradient and allows "balls" of the sand to sink to into the finer sediment.

Convolute Lamination

Convolute laminations occur at transects 2 and 3 at MM-4 (Plate 7.4).
They are best developed in the upper part of the deformed silts and sands.
Although they may occur throughout a sedimentary unit, they are best
developed towards the top of a unit (Allen, 1983) as observed at MM-4. Like ball
and pillow formation, convolute laminations form due to the instability between
liquefied sand and ‘iner sediment layers. The folds are generally open and
sometimes distinctly box-shaped. Each fold is approximately 50cm in amplitude
and has a wavelength of 50cm. The upper contact between the deformed beds
and the overlying gravels is erosive, truncating the upper part of the folds. The

convolutions at MM-4 are therefore either syndepositional or metadepositional.
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Plate 7.4: Convolute lamination at Ragged Harbour 1 (MM-4). These
occur at the top of the deformed silt and sand unit. These are either
syndepositional or meta-depositional as they are truncated. Each fold is
approximately 50cm wide.

Summary and Interpretation

In summary, almost all the deformation structures present at MM-4 were
formed shortly after the deposition of the individual sedimentary units involved,
indicated by the preservation of many of the laminae within the structures. All
the dominant mechanisms for soft-sediment deformation such as liquefaction,
reverse density gradation, slump and slope failure, and shear stress, are likely
to have occurred at MM-4. Gravitational processes occurred mainly in the form
of coherent slumping where laminae are preserved rather than destroyed (Mills,
1983). Many of the beds are slumped to angles greater than their angle of

repose, to maxima of 45° (Plate 7.5), and deformation of the beds has
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Plate 7.5: Slump structures at Ragged Harbour 1 (MM-4). This may
have resulted due to the presence of ice which was buried rapidly by
sediment. The ice subsequently melted causing the overlying sediment
to slump. The core of the structure is approximately 1m wide.

resulted. In subaqueous environments, gravitational slumping can take place
on slopes with angles as low as 1° (Shepard, 1955; Mills, 1983). Liquefaction
was responsible for dish and pillar structure formation. Reverse density
gradation was responsible for the formation of diapirs and flame structures, and
in part for convolute lamination.

The silt and sand deposits containing deformation structures are
interpreted as fluidized sediment flows. Dish structures are especially common
within such flows (Middleton and Hampton, 1973). Deposition takes place

because of the loss of pore fluids and consequently the flows will gradually
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“freeze" from the base up (Middleton and Hampton, 1973). Where grains are
supported by pore fluid (excess pore pressure) sediments have little strength
and consequently behave like fluids with a viscosity approximately 1000 times
that of water. These liquefied sediments can tlow very rapidly down gentle
slopes (Middleton, 1969). Loss of pore fluids cause excess pore pressures to be
rapidly dissipated (Middleton and Hampton, 1973). Van der Knapp and Eijpe
(1969) and Middleton (1969) calculated that for a layer of sand 10 metres thick,
excess pore pressures were dissipated within a few hours. When grain size
increases and the thickness of the units decreases, these times became shorter.
The deformed sediments at MM-4 attain maximum thicknesses of 4 metres, and
therefore the time required for loss of pore fluid would be less than that
suggested by Middleton (1969), and Van der Knapp and Eijpe (1969). This
would explain the pre-ence of many large pillar structures at MM-4, which

formed rapidly during liquefaction.

7.2.2.2 - Rhythmically bedded sands
Description

Rhythmically bedded sands at MM-4 have maximum thicknesses of 2m
(Plate 7.6). All exposures showed a vertical upward thickening of individual
beds. At the base of the succession each bed is approximately 1cm thick, and
thicknesses progressively increase to approximately 4cm in the upper par.
Some strata are up to 15¢m thick. The entire sequence coarsens upwards.
Each stratum consists of fine to medium sand at the base and grades normally

to silt.
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Plate 7.6: Rhythmically bedded sands at Ragged Harbour 1 (MM-4).
These grade laterally into rippled sands. Two small trough cross-beds
are present towards the bottom of the unit indicating that these probably
represent upper-flow regime deposits.

Rhythmically bedded sands grade laterally into rippled sands. The
vertical extent of the rippled sands is 70cm, and they only occur over a few
metres laterally (Plate 7.7). The ripples are asymmetrical with flat crests, have
stoss angles between 6° and 17°, and have lee angles between 20° and 26°.
Characteristic wavelengths range from 6cm to 18cm with amplitudes ranging
between 1.5cm and 4cm. Ripple indices (wavelength/amplitude) range from 4 to

12. They are low-angle (14°-20°) climbing ripples with partial or total stoss-side
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Plate 7.7: Rippled sands at Ragged Harbour 1 (MM-4). These are
Type B (cf. Jopling and Walker, 1968), or "depositional stoss" (cf. Ashley
et al., 1982) ripples. The trowel is approximately 25cm long.

preservation. Ripples are smaller towards the base of the unit and increase in
size vertically. There is no accompanying change in the angle of climb. These
ripples are climbing ripples of Type B in the Jopling and Walker (1968) scheme,
and "depositional stoss" of the Ashley et al., (1982) scheme. Where the stoss
sides are partially eroded, the ripples contain characteristics of both type A and
type B using Jopling and Walker's scheme, and "erosional” and "depositional
stoss" using Ashley et al.’s classification.

Palaeoflow directions measured from ripples at site MM-4 and at other

sites in the glaciofluvial complex are highly variable. At MM-4, the ripples at the
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western extent of the pit have orientations that vary from WNW to WSW.
Elsewhere, ripple directions are concentrated between ENE and ESE with
some ripples oriented towards the north (Figure 7.6). At no Iccation are the
ripples oriented towards the south.

Ripplcs are composed mainly of ¢coarse to fine sand with some silt. Grain
size analyses show the sand component to range between 44% and 100%. The
coarsest deposits are concentrated ir: the lee side of the ripples (medium to
coarse sand). On the stoss sides, medium grained sand dominates. Upper
surfaces of the ripples commonly have draped laminae composed of silt or fine
sand. Rippled sands contain high-angle normal and reverse faults (65°-80°),

but displacements are generally only a few centimetres.

Interpretation

Climbing ripples often occur in turbidite sequences (Bouma, 1962,
Walker, 1965), in deltaic environments (e.g. Williams, 1971), and in ice-contact
and proglacial fluvial deposits (Jopling and Walker, 1968; Gustavson et al.,
1975, Rust and Romanelli, 1975).

The ripples observed at Ragged Harbour 1 represent fluvial ripples,
commonly with a ripple index of between 7 and 20, and with flat crests (Allen,
1982).

Climbing ripples commonly occur when the bedload transport rate over
migrating ripples decreases downflow or when ripples receive sediment from
suspension (Ashley et al., 1982). Velocities are relatively low and sediment
supply is relatively high. Rippies of this nature usually form at velocities of 15 cm

sec-1 to 25 cm sec'! (Ashley et al., 1982). At MM-4, velocities were at the upper
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end of this spectrum, as indicated by the low angle of climb of the ripples and
the presence of erosional stoss characteristics. These usually occur at velocities
greater than 25cm sec™1. The steeper the angle of climb, the greater the role of
suspension sedimentation and the smaller the role of traction sedimentation
(Allen, 1982; Ashley et al., 1982). High-angles of climb in supercritical sets were
shown by Kuenen (1965, 1967) and Kuenen and Humbert (1969) to form under
rapid flow deceleration, and hence the last structures formed are draped
lamination. Traction is associated with higher velocities than suspension
sedimentation. At MM-4 the flow velocity had to be higher than the sediment
entrainment threshold, giving the ripples a low angle of climb. Thus it was

above 15cm sec™1, but below 25cm sec-1.

7.2.3 DIAMICTON UNIT
Description

Diamicton beds were observed at transects 9 and 10 (Plate 7.8), and
extend laterally for approximately 25 metres. Tueir maximum thickness is 2.5m,
but at most locations they are 75cm to 120 ¢cm thick. Three distinct diamicton
units were observed overlying each other at transect 10. Matrix textures are
similar (approximately 60% sand, 20% silt and 20% clay). Colours are also very
similar, ranging from dark grey (Munsell: 5Y 4/1 mf) to olive grey (Munsell: 5Y
4/3 mf).

The lowermost bed is a 25 ¢m thick matrix-dominated diamicton with
approximately 20% clasts. The bed contains some striated cobbles which are

subangular to subrounded. Although there are no structures within the bed, it
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Plate 7.8: Diamicton at Ragged Harbour 1 (MM-4). Diamictons at this
location are faintly stratified, and underlie an unconformity. They may
represent accumulations of sediment at an ice front which subsequently
failed and moved downslope as debris flows. "d" is diamicton, and "u" is
the unconformity.

generally fines upward to silty clay. The mean trend orientation of clasts is
47.5°, and the mean plunge is 5.1° (Figure 7.7). Plunge angles up to 75° were
recorded. An Sq value of 0.530 and a K value of 0.3 indicate a girdle
distribution.

The basal diamicton is abruptly overlain by a 20 cm thick unit of disturbed
and deformed matrix-dominated (<5% clasts) diamicton. The unit has relatively
undisturbed upper and lower contacts, but within the unit there are many flame

structures. These flame structures are composed entirely of medium to coarse
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Figure 7.7: Vertical transect through sediments at Ragged Harbour 1 (MM-4)
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sand. They are commonly 1-2cm wide and 15cm in height. They do not pierce
the upper and lower contacts of the bed. The surrounding matrix contains
deformed laminae.

The uppermost diamicton unit is a 75cm thick unit of contorted
interbedded diamicton, clay and sand. Commonly, there are beds within the unit
that fine upwards from granular mixtures to clay. The beds vary from
approximately 5cm to 20cm thick. The silty clay beds have been subjected to far

more contortion than have any of the other beds in this diamicton.

Interpretation

These diamictons are not primary till deposits. Although striated clasts
are present, the clast fabric analysis shows the strength of the orientations to be
poor. Aithough many tills can have their fabrics substantially ailtered post-
depositionally so that the clast fabric becomes less well oriented, this was
probably not the case at MM-4. The diamictons were deposited in water as
indicated by the presence of extensive clay laminae that could only have
formed by suspension settling. The presence of contorted faminae and flame
structures indicates that these diamictons were subjected to the same reverse
density gradients which produced instability between liquefied sand and finer
sediments.

As the diamictons display many of the characteristics of the underlying
deformed silts and sands, they were probably also laid down in an subaqueous
environment. They probably oricinated as accumulations of sediment (primary
till) at the ice front and subsequently failed, moving downslope as a series of

small debris flows. Although many of these features are char