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ABSTRACT

A discontinuous glaciomarine outwash terrace on the north shore of
the Minas Basin and ice contact stratified drift north of Parrsboro were
mapped. Detailed sedimentological studies on some of the deposits pro-
vide insight into deglacial depositional processes.

The outwash terrace consists predominantly of marine Gilbert type
deltas with molds and casts of Portlandia arctica in the bottomset beds.
The topset beds and glaciofluvial gravel inland of the deltas were depos-
ited by braided meltwater streams with sustained velocities (inferred) of
1 to 4 m/sec and with flow depths of 1 to 2 m. The predominant crude
bedding of the gravel is a result of rapid downstream sediment movement.
Shifting of the streams produced a planar, erosional unconformity between
the topsets and finer grained foresets. Bed load sediment avélanched
down the foreset slope while finer sediment was carried in suspension
onto the bottomset slope. In the winter, the supply of meltwater ceased
and clay and fine silt settled out of suspension, producing bottomset
varves where coarse silt and sand had been deposited. Infrequent large
slumps of the foresets produced turbidity currents which deposited coarse
sand in the bottomsets. Foreset progradation caused instability and
failure of the bottomsets which occasionally submerged parts of the delta
and caused secondary foreset deposition.

Pebble counts show that as the receding valley ice crossed bedrock
boundaries, different rock types were supplied to the delta. During and
after deltaic deposition, postglacial rebound exceeded sea level rise and
the deltas became emergent, with emergence increasing steadily to the

west. Meltwater then eroded terraces in the glaciomarine and inland



glaciofluvial sediments. The northward receding ice in the Parrsboro

‘Gap built a small recessional moraine that forms the present drainage

divide between Parrsboro River and River Hebert at Gilbert Lake. Holocene

sea level rise and subsidence of the land have resulted in submergence of

the east end of the terrace and substantial erosion of the deposits.

Eroded sediments are subaerially preserved only at Advocate Harbour.
Radiocarbon dating of organic sediment in kettles and lakes is incon-

clusive. The pollen assemblage and stratigraphy of the Leak Lake core

suggest correlation with outwash deposits in southwestern New Brunswick,

‘dated at 13,000 to 13,325 yr BP. Glaciomarine sediment, which appears

to be an offshore equivalent to the outwash terrace, in the Minas Basin

is about 14,000 years old, suggesting that the terrace is slightly older

than was previously thought.
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CHAPTER 1. INTRODUCTION

THE THESIS TOPIC

In the winter of 1974, Dr. Gerard Middleton of McMaster University
suggested the study of the glaciomarine outwash terrace on the north
shore of the Minas Basin as a potential thesis topic. The terrace con-
sists predominantly of Gilbert type deltas that are characteristic of
lakes rather than seas (Ashley, 1972, p. 35). The Bay of Fundy is
macrotidal with tidal ranges reaching 16.3 m, and Swift and Borns (1967,
p. 698) and Grant (1970, p. 685) use the deltas as evidence that the
early postglacial tides were minimal. But even if the Bay of Fundy was
nontidal or microtidal in early postglacial times, the structure of the
deltas was thought to be atypical of marine conditions although few, if
any, marine Gilbert type deltas have been studied in detail. The only
beaches described in the terrace complex occur at Advocate Harbour, and
the reason implied for this is that the western end of the terrace is
more open to wave attack (Swift and Borns, 1967, p. 697). However, other
parts of the terrace, such as Port Greville, are also open to waves
travelling up the Bay of Fundy, so there seem to be other controlling
factors as to why the beaches occur only at Advocate Harbour. These
were the problems that piqued interest in the outwash terrace and led to
an initial investigation.

A field trip to the north shore of the Minas Basin in May of 1974
revealed that the Nova Scotia Department of Highways was excavating a pit

in the raised beach at Advocate Harbour. Continuous excavation provided



a unique three dimensional exposure of the beach. It was decided to
study the beach in detail and to compare the beach to the nearest delta,
which is at Spencers Island. Although field work was carried out on
both the raised beach at Advocate Harbour and the raised delta at Spencers
Island, the beach study was fruitful beyond expectation and provided
sufficient material for an M.Sc. thesis (Wightman, 1976).

The original problems that remained unanswered by the M.Sc. thesis
and additional problems that were raised during the course of the work at
Advocate Harbour made it worthwhile to study the whole of the raised

terrace area, which is the subject of this thesis.

PHYS IOGRAPHY

The peninsula that lies between Chignecto Bay and Minas Basin, here-
after called Chignecto Peninsula, comprises igneous and metamorphic high-
lands and sedimentary lowlands. The dominant geomorphic feature on the
southern part of the peninsula is the Cobequid Highlands (Fig. 1.1).

The Cobequids trend east-west and extend from Cape Chignhecto in the west
to a little beyond the eastern end of the Minas Basin. [In general, they
are low (125 to 225 m), narrow (2 to 10 km) and consist of hills in the
west, of which the higher ones are plutons. To the east, the Cobequids
broaden to approximately 17 km and form a plateau at an elevation of
approximately 300 m, although elevations of almost 375 m are attained;
this surface is the remnant of a broad Cretaceous peneplain (Goldthwait,
1924) . The physiography of the Cobequids reflects the increasing pro-

portion of igneous rocks to the east. Two major wind gaps, the Parrsboro
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FIGURE 1.1.

OUTWASH TERRACE % SEDIMENTARY LOWLANDS

IGNEOUS 8& METAMORPHIC HIGHLANDS

Geomorphic provinces of the Minas Basin area and outwash terrace in thesis study area.
2. Spencers Island, 3. Port

1. Advocate Harbour,
5. Parrsboro, 6. Moose River, 7. Five Islands,
(Modified after Swift and Borns, 1967.)

Locations of outwash deposits are:
Portapique.

Greville area, 4. Diligent River,
8. Economy, 9. Bass River and 10.



Gap and the Folly Lake Gap, provide breaks through fhe Cobequids (Goldthwait,
1924, p. 25).

The Cobequid Complex (Weeks, 1948, p. 7) is composed mainly of low
grade metamorphic Silurian to Middle‘Carboniferous stratified rocks that
are intruded by Devonian to Carboniferous plutonic rocks. From Parrsboro
eastwards, there are lesser amounts of higher grade metamorphic rocks,
including gneisses and schists, of Paleozoic and Proterozoic age.

The southern edge of the Cobequids is bounded by the Cobequid Fault,
which is remarkably straight and is part of the larger Glooscap Fault
system (King et al. 1975). Erosion of the softer sedimentary rock south
of the fault has created a precipitous fault line scarp.

South of the Cobequid Fault there are several occurrences of Triassic
basalt, most notably at Cap D'Or near Advocate Harbour and at Five Islands.
The basalts also form highlands, the occurrence at Cap D'Or reaching an
elevation of 170 m while at Five Islands, Economy Mountain reaches an
elevation of 215 m.

The Cobequids are bordered by a narrow belt of sedimentary lowlands
to the south and a broader area of sedimentary lowlands to the north.

The '"lowlands'' are lower than the Cobequids but have substantial elevations
and relief near the Cobequids. On the southern side, the Cobequid Fault
separates the highlands from Carboniferous sedimentary rocks, which are in
turn separated by faults from Triassic sedimentary and basaltic rocks.

The Carboniferous and Triassic sedimentary rocks form a discontinuous strip
of lowlands with the softer Triassic rocks at lower elevations than the

Carboniferous. Thus, the lowlands generally slope towards the Minas Basin.



West of Port Greville the lowlands are present only between Spencers
Island and Advocate Harbour where they are roughly 6 km wide and reach
elevations of 150 m., East of Port Greville, the lowlands generally widen,
due mostly to a broadening of the Triassic sedimentary rocks, towards the
head of the Minas Basin where they are approximately 14 km wide. The
Triassic sedimentary rocks are generally lower than 100 m while the Carbon-
iferous rocks are generally lower than 150 m.

The discontinuous outwash terrace on the north shore of the Minas
Basin lies on this sedimentary lowland, occurring in river valleys and
extending varying distances inland from the mouths of the valleys. The
distance is inversely related to the width and steepness of the valleys
and, as the valleys steepen and narrow in the Cobequid Highlands, the
deposits occur predominantly south of the Cobequid Fault (Fig. 1.1).

Carboniferous sedimentary rocks of the Cumberland Basin unconformably
overlie the older Cobequid rocks on the north side of the highlands and
the area is termed the Cumberland Lowlands. In general, the lowlands are
highest near the Cobequids (up to 225 m) and slope northward to Chignecto
Bay. This increase in elevation towards thé Cobequids causes the shore-

line to steepen as the lowlands narrow to the west.

PREVIOUS WORK

Chalmers (1894, p. 24M) referred to parts of the outwash terrace on
the north shore of the Minas Basin and recognized the importance of the
deposits in defining the extent of postglacial marine onlap. Goldthwait

(1924, pp. 100, 152) discussed part of the terrace at Parrsboro and



suggested that, because of postemergence erosion, its shoreward elevation
of 18 m might not represent the maximum extent of marine onlap. He also
noted the ''step like series of broad terraces' in the delta and recognized
that they were cut by the Parrsboro River, and not by the sea, as the
delta was uplifted. Goldthwait (1924, p. 152) also gives elevations for
other parts of the terrace at Diligent River, Spencers Island and West
Advocate that Chalmers (1894) had listed.

Borns (1965) described ice wedge casts in the terrace but also con-
sidered the general features of the deposits and came to some conclusions
on the genesis of the terrace. He suggested that ''the last Pleistocene
ice sheet to cover northern Nova Scotia (Chignecto Peninsula) dissipated
primarily by downwasting, probably by downmelting.'' Borns interpreted
the deposition of the terrace as follows. The Cobequid Mountains cut the
_ice sheet into two parts and meltwater from the ice south of the mountains
deposited valley trains that merged into deltas at the sea. The meltwater
and outwash were closely associated with masses of stagnating ice and some
of the ice masses melted after the deposition of outwash had ceased, as
shown by a large kettle (=60 m x 9 m) at Port Greville that developed after
the cutting of an 8 m fluvial terrace. Borns also stated that many of the
smaller keftles were not infilled because of the shifting positions of the
meltwater streams.

Borns (1965) correlated the stagnating ice sheet on the Chignecto
Peninsula with the ice sheet that constructed the end moraine system
extending from Cherryfield, Maine to St. John, New Brunswick. Marine
shells from the moraine were dated at 13,325 yr BP (1-GSC-7). As corrob-

orating evidence, Borns mentions that Livingstone and Livingstone (1958,



p. 356) also concluded that the last ice on Cape Breton was of Cary age

(11,700 to 13,600 yr BP; Flint, 1955). The ice wedge casts, which post-
date the accumulation of the outwash, were thus assigned a Valders age.

In addition, Borns (1965, p. 1224) concluded that ''nothing was found to

suggest the presence in the area of outwash of more than one age.'

Borns (1966, p. 51) reaffirms his interpretation of deglaciation in
northern Nova Scotia as one of ''thinning, separation and stagnation.'

He also records discovering casts of the marine pelecypod Portlandia
glacialis in the deposits, which provide substantive evidence that the
terrace is glaciomarine. He elaborated on his previous pattern of
deglaciation as follows. During deglaciation, the marine areas like the
Bay of Fundy and its end basins, the Minas Basin and Chignecto Bay, became
ice free sooner than the land areas because of more rapid melting and
calving of the ice. This separated the ice on the Chignecto Peninsula
from ice over New Brunswick and ice on mainland Nova Scotia. |ce contact
deltas were deposited along the northern shore of the Minas Basin as the
sea level rose against the wasting ice mass.

Borns (1966, p. 52) reiterates his age correlations for the outwash
terrace (Port Huron; 11,850 to 13,400 yr BP) and ice wedge casts (Valders;
10,300 to 11,400 yr BP) which are partly supported by an average age of
10,585 + 47 yr BP on 13 samples of charcoal at the Debert paleo-Indian
site. However, there are no frozen ground features at the site to suggest
the presence of permafrost during occupation (Borns, 1966, p. 53).

Borns' (1965, 1966) work was capped by a more detailed study by Swift

and Borns (1967) and their paper may be summarized as follows. Swift and



Borns (1967) named the deposits of the terrace the Five Islands Formation
and divided it into two members: 1. the upper, glaciofluvial Saints Rest
Member, that disconformably overlies 2. the lower, marine Advocate
Harbour Member. The Advocate Harbour Member is composed of two marine
lithosomes, glaciodeltaic and glaciolittoral. The glaciodeltaic litho-
some extends from Spencers Island to Five lslands, while the glaciolit-
torial lithosome occurs only at Advocate Harbour.

The glaciodeltaic lithosome is made up of deltas with a tripartite
structure (topset, foreset and bottomset beds). The topset beds are
coarse, imbricated fluvial gravels that unconformably overlie the foreset
beds, which are finer grained and dip from 20° to 34°. The bottomset
beds are rhythmites, coarsening upwards from clay/silt through clay/sand
to clay/gravel interbeds.

The glaciolittoral lithosome at Advocate Harbour consists of several
raised spits enclosing a lagoon, similar to the modern Advocate Harbour
shoreline (Fig. 1.2). The internal structure of the spits is typical
beach stratification (McKee, 1957), with foreshore beds dipping 5° to
14°S (seaward), and the sediment is generally gravel with sand matrix.
Wave activity and longshore drift must have been similar to that of today,
as the fossil and modern spits have a similar orientation.

The glaciofluvial lithosome (Saints Rest Member) of sandy gravel
disconformably overlies the marine lithosomes and has sedimentary struc-
tures and textures typical of a shallow braided stream (Eynon and Walker,
1974). Kettles are numerous. Swift and Borns (1967) imply that this
lithosome is present at all outcrops along the terrace (their Fig. 15,

p. 709), and they envisage it is a separate, later event.



Holocene deposits

Outwash terrace

Emerged spits

Bedrock uplands —

v
e
N

-—— Emerged wave cut bluff

\ 2 km AJ

FIGURE 1.2. Surficial geology of Advocate Harbour area with location
of gravel pit studied by Wightman (1976). (Modified from
Swift and Borns, 1967.)
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Although they had no direct evidence of age, Swift and Borns (1967)
follow Borns' (1965, 1966) aﬁd place the deposition of the terrace
between Port Huron time and Valders time of the classical sequence. They
suggested the following sequence of events for the formation of the
terrace. As the ice dissipated in the Minas Basin, it was followed by a
rising sea level. Ice receded in thevalleys on the north shore of the
Minas Basin and was replaced by prograding deltas as far north as the
Cobequid Fault (Fig. 1.3, top). The upper surfaces of the deltas rose
with the rising sea level. The zone of rapid isostatic uplift, following
the receding ice front, reached the northern shore of the Minas Basin and
the deltas emerged. Dissection of the upper surfaces of the deltas pro-
duced a minimum of 6 m of relief. Subaerial alluvial fans then prograded
across the dissected delta surfaces, producing the glaciofluvial lithosome
(middle, Fig. 1.3). As the supply of outwash material diminished, the
terrace continued to emerge, and underwent a second dissection, forming
the present drainage system. When emergence slowed to a negligible rate,
the sea advanced to its present position (Fig. 1.3, bottom).

Goldthwait's (1924, p. 150) marine limits for the north shore of the
Minas Basin show that emergence increases towards the west (Fig. 1.4)
Borns (1966, p. 54) and Swift and Borns (1967, p. 707) agreed with this
in general but had more complete data and placed the zero isobase farther
to the west at Bass River (Fig. 1.5). This means that the eastern end
of the Minas Basin is submerged and has never had a higher sea level than
at present. Swift and Borns (1967) used the contact between the Advocate
Harbour Member and the Saints Rest Member to define the marine/nonmarine

limit and measured the elevation of the contact from Saints Rest (0 m,
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FIGURE 1.3. Evolution of the Minas north shore outwash terrace. Top,
growth of marine deltas; Middle, uplift and erosion of
marine plain — growth of subaerial fans based on Cobequid
scarp; Bottom, modern terrace after uplift, dissection and
sea level rise. (After Swift and Borns, 1967.)
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mean sea level) to Spencers Island (33 m). At Advocate Harbour, the

height of the emerged wave cut bluff was used to define postglacial

emergence.

Swift and Borns (1967) made three important observations about their
isobases of emergence: ‘l. the isobases give only a minimum amount for
postglacial uplift as the sea has also been rising during the period
since the deposition of the terrace; 2. the zero isobase is not the
eastward limit of postglacial uplift as an undefined amount of uplift
occurred before the formation of the terrace; and 3. postglacial tectonic
movements, including those associated with deglaciation, affect the
emergence data.

The raised beach at Advocate Harbour was the subject of a study that
was largely sedimentological and dealt with a problem within, rather than
on, the terrace (Wightman, 1976). Some of the results will be mentioned
in later chapters. The outwash terrace is mentioned in several studies
of psotglacial emergence (Welsted, 1976; Wightman and Cooke, 1978) but
Swift and Borns' (1967) paper remains the most detailed study of the

terrace prior to this thesis.

SPECIFIC PROBLEMS

Thesis field work was designed to concentrate on several problems
that were outlined at the start of the project. As stated previously,
the limited occurrence of the beaches in the terrace (only at Advocate
Harbour) and especially the sedimentology of marine Gilbert type deltas
interested the author. [t was also decided to map the terrace deposits

in hopes that the delineation of their exact extent and location, as well
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as the different types of deposits, would make possible a better under-
standing of the deglaciation of the Chignecto Peninsula. The relation-
ship between the deposits and the drainage systems responsible for them
was poorly understood and the maps would help to establish this. The
delta at Parrsboro is a striking example, as the southward flowing
Parrsboro River is relatively short (=7.5 km) although the delta is quite
large. This is a consequence of the drainage divide at Gilbert Lake in
the Parrsboro Gap, which also creates a relatively long (=225 km), north-
ward flowing River Hebert. The bedrock source for the gravel in the
deposits had not been delineated and this bears upon the length of the
drainage system as well as on the direction of ice movement on the
Chignecto Peninsula.

More detailed elevation data on the deposits were needed to improve
understanding of the postglacial emergence of the terrace as well as the
fluvial erosion to which Goldthwait (1924, p. 100) refers. Elevation
data on the deltaic topset/foreset contact would make possible a better
approximation of the marine limit along the north shore of the Minas
Basin.

Finally, if no pelecypod shell material could be found in the
deposits, coring of selected kettle ponds and lakes would be carried out
so that pollen analysis and radiocarbon dating of the sediment would

hopefully give a minimum age for the terrace.

GILBERT TYPE DELTAS
Coarse grained Gilbert type deltas comprise the bulk of the outwash

deposits in the Minas terrace and an understanding of this type of delta
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is essential to the proper interpretation of the deglaciation of the
north shore of the Minas Basin. In a model delta there is a tripartite
structure, with topset, foreset and bottomset beds and it is the steep
angle (10° to 35°) of the foreset beds that is characteristic (Fig. 1.6).

Braided streams deposit the topset beds, which form a layer of
glaciofluvial outwash on the foreset beds. The main bedding planes are
nearly horizontal, although the sediment within the beds can be cross-
stratified. The topsets are the coarsest part of the delta and they
thicken landward to maintain the necessary stream gradient. At the delta
front, the sediment in the lower part of the channels is deposited below
the level of the body of water into which the delta is building. The
depth to which the stream sediment is deposited below the water level is
dependent upon the depth of the channels but because the braided streams
are relatively shallow, this depth is not great. Inland from the delta
front where the bulk of the topset beds are deposited, the braided
streams are above the water level so the topsets can be regarded as
effectively subaerial deposits.

The topset/foreset contact marks the change from stream deposition
to submarine deposition on the foreset slope and, as the braided streams
are rapidly shifting, the topset/foreset contact often becomes a flat
unconformity. Because the stream channels are shallow, the position of
the topset/foreset contact is very close to that of the water level. For
this reason, the topset/foreset contacts of the deltas in the Minas
terrace are used to determine the marine limit (elevation of the maximum
extent of postglacial marine submergence; Farrand and Gajda, 1962, p. 6),

as suggested by Wightman and Cooke (1978, p. 62).
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The bulk of the deltaic sediment is deposited in the foreset beds,
the dip of which represents the former angle of the delta front upon
which bed load sediment was deposited. The thickness of the foreset
facies is approximately equal to the depth of the body of water. The
bottomset beds are fine grained, suspended load sediments that are depos-
ited from the toe of the foreset slope seaward. They interfinger with
the foresets and as the delta continues to build, the topsets and fore-
sets prograde over the bottomsets.

Bates (1953, p. 2125) concluded that Gilbert type deltas are depos-
ited where the inflowing water is equal in density to the water into which
the stream is flowing and he termed this homopycnal inflow. However,
Axelsson (1967, p. 17) points out that Gilbert type deltas also form in
situations of unequal density inflow. It will be shown in later chapters
that the deltas in the Minas terrace were formed by overflow (inflow less
dense) conditions. The most important factor in forming steep foreset
beds is an abundance of bed load sediment (Axelsson, 1967, p. 18;
Friedman and Sanders, 1978, p. 501) and not the type of inflow. There-
fore, Gilbert type deltas tend to be coarse grained and most were depos-
ited by rapidly shifting, shallow braided streams in water significantly
deeper than the stream channels (Axelsson, 1967, p. 26; Friedman and

Sanders, 1978, p. 504).

AREA AND METHODS OF STUDY

The outwash terrace along the north shore of the Minas basin was
studied from Portapique in the east to Advocate Harbour in the west, and

is usually referred to in the thesis as the Minas terrace. At Parrsboro,
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the study continued inland to the north through the Parrsboro Gap to

Newville Lake, then east to West Brook and, in less detail, north from

Newville Lake to just beyond the Chignecto Game Sanctuary. The inland

part of the study deals mainly with ice contact stratified features

while the coastal part deals with glaciofluvial-glaciomarine outwash.
Field work was carried out in the fall of 1974 and in the summers

of 1976, 1977 and part of 1978. The main part of the field work involved

identification of the deglacial features, followed in many instances by

detailed sedimentological descriptions. Samples were taken for grain

size analyses and the data are listed in Appendix 1. Single measurements

of clasts given in the thesis are of the a-axis unless stated otherwise.

MAPP ING

After the deglacial deposits were identifiéd, they were mapped using
1975, 1:10,000 colour air photographs and an 01d Delft scanning stereo-
scope |l for interpolation from field data. There are 10 maps (Fig. 1.7)
8 of which are included in the text of the thesis and the other 2 (D, E)
are in the map pocket at the back of the thesis. Elevation and various
other field data are plotted on the maps, including bedrock boundaries
that have been taken from Donohoe and Wallace (1978). The limits of the
deltas were established using the limits of the delta plain although the
proximal parts of the plain may be composed only of glaciofluvial gravel
and thus may not be deltaic in the strict sense. Continuous exposure is
required to place the landward limit of the foreset beds and this is not

available.
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SPOT HEIGHTS

Elevations of features were taken using a Paulin micro altimeter,
model M-1, incremented in 1 foot intervals. Corrections were made by
making traverses in loops starting and ending at a bench mark of known
elevation. Both Geodetic Survey of Canada and Nova Scotia Land Survey
control monuments were used for bench marks and each traverse lasted
approximately 45 minutes. After one area had been covered, a reading
would be taken at a more appropriately located bench mark for a new area
and the same pattern would be repeated. From the chénges in the altim-
eter readings at the bench marks, correction curves were drawn for each
day and corrections were made to the field readings by interpolation from
the curves. The readings were converted to metres for plotting on the
maps .

It is difficult to define the error margin on the individual readings
as on certain days the air mass was very stable and there were only very
small corrections. On other days an air mass would move in and the
readings would change rapidly in a short time (up to 15 m in one hour).
However, a fair degree of accuracy was attained and in some areas where
readings happen to have been taken in close ﬁroximity to Nova Scotia Land
Survey control monuments that were only discovered subsequently, the
elevations differed by no more than 2/3 metre (2 feet). In general,
accuracy to within = 1.5 m is probably attained.

When elevations were taken of the topset/foreset contact of the
deltas, the base readings were taken at the Higher High Water mark on the
beaches. Elevations of the contact and the H.H.W. mark were taken within

5 minutes of each other and the agreement of the readings was within
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* 1/3 metre. There may be some error in the elevation of the H.W.W. mark,
derived from the Canadian Hydrographic Service tide tables, but it is
probably quite accurate, to within = 0.5 m. As the readings were double
or triple chécked, the accuracy of the topset/foreset contact elevations
(marine limits) for the various areas is probably within + 1.0 m. A
transit and level were used to survey the marine limit at Spencers

Island and various features at Advocate Harbour.

PEBBLE COUNTS

Pebble counts were done in the field at each of the deposits, so
microscope work was not involved. Representative pebbles were collected
by the author from various deposits along the north shore of the Minas
Basin and were identified by Howard Donohoe and Peter Wallace of the Nova
Scotia Department of Mines as to lithology and possible bedrock source.
These pebbles were used as a reference suite to which other pebbles could
be compared for identification. Pebble counts were then taken at each of
the outwash deposits, as the grain size of the sediment varied from
deposit to deposit. All pebbles with a sieve diameter greater than
-2.5¢ were counted. |In some areas, the sediment was fine enough that
pebbles coarser than -4¢ were almost nonexistent but in most deposits
the sediment was a coarse pebble gravel and the counts were predominantly
on pebbles larger than -4¢.

Usually, 110 pebbles were counted at each sample site. There were
1 or 2 sample sites in each genetic unit of sand or gravel at each
sample station (e.g. several sample sites in both foreset and topset
beds). There were from | to 4 sample stations at each location depend-

ing upon the size of the exposure, with larger exposures generally along
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the shoreline and smaller exposures in borrow pits. For most deposits
pebble counts were done at several locations (e.g. pebbles counted at

shoreline exposure and at inland pit). As there are 9 deposits in the
Minas terrace, a total of almost 8,500 pebbles were counted, excluding
the deposits north of Parrsboro. The pebble counts, and how and where

they were done, are listed in Appendix 2.

LAKE BATHYMETRY
A Kelvin Hughes MS26B 14 kHz echo sounder was used to chart the
bathymetry and indicate the type of bottom sediment in Gilbert and

Newville Lakes.

CORING
A1 1/2" (3.8 cm) Livingstone corer modified after a model obtained
from J.H. McAndrews of the Royal Ontario Museum, Toronto, was used to

core several lakes and kettle ponds.

]hC DATING

Organic samples were sent for dating to the radiocarbon laboratories
at the Geological Survey of Canada (Dr. Wes Blake Jr.), the Ministry of
Natural Resources, Quebec (Dr. Pierre Lasalle) and Dalhousie University

(Dr. J.G. Ogden 111).
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CHAPTER 2. PORTAPIQUE

SURFICIAL GEOLOGY

Portapique is roughly 50 km east of Parrsboro and 35 km west of
Truro. It is the most easterly of the deposits in the thesis study area
and is the only deposit not reported upon by Swift and Borns (1967).

The deposit at Portapique, shown on map K, figure 2.1,. is very
large and extends inland farther than any of the other deposits, almost
9 km along the Portapique River valley. The deposit is approximately
5.5 km wide at the distal (southern) end and narrows inland to about
0.5 km at the proximal end. Triassic Blomidon and Wolfville Formations
(undifferentiated) underlie all but the northern 1.5 km, which is under-
lain by the Upper Carboniferous Parrsboro Formation.

The deposit reaches at least 44 m in elevation to the north and
slopes down to 12 m or less at the Minas shoreline. The flat upper
surface of the deposit contrasts with the topography of the surrounding
bedrock to define fairly sharply the limits of the outwash. In the
south the surrounding bedrock has a low, rolling topography with hills
20 to 35 m high. Elevations increase to the north to 50 m but in the
Carboniferous bedrock, they increase to 75 to 100 m, with rugged topo-
graphy, while at the Cobequid Fault elevations rise sharply to a
plateau at 250 m or more.

There are several incised terraces on the Portapique deposit, but
they are difficult to map and correlate because of the relatively small
differences in elevation between the terraces and the upper surface and

between the terraces themselves. The terraces are also not extensive
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and the distance between them creates difficulties in correlation. |If
they have been correlated correctly, the terraces at and south of the
road that crosses the valley at Montrose have an eastward as well as a
southward slope.

Although there is no designated terrace on the east side of the
Portapique River south of the highway, there does appear to be some
erosion and several traces of paleochannels. There is also the trace of
a paleochannel on the second order terrace west of the Portapique River
at Montrose.

The upper surface of the deposit slopes seaward at a gradient of
roughly 5.5 m/km (Fig. 2.2). At the southern end, where the deposit
widens, there are also secondary slopes away from the higher central part
along the Portapique River estuary. Although the deposit reaches an
elevation of at least 44 m on its proximal end, the relief between the
upper surface and the Portapique River is relatively constant at about
10 m. South of the highway the relief between the deposit and the
estuary drops below 10 m as the deposit slopes down to a bluff of
variable height (1 to 4 m) at the shoreline.

The most striking feature of the outwash at Portapique is the
number of kettles, kettle ponds and pitted areas. Two large kettles
occur on the west side of the Portapique River, one (=1.4 km x 0.4 km)
south of the highway and the other (=0.8 km x 0.3 km) just north of the
highway. Both kettles are very irregularly shaped but are elongated and
aligned in a north-south direction. One of the smaller kettles occurs
on a second order terrace west of Montrose. Even though the southern

part of the deposit has numerous kettles, the upper surface is fairly
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flat, characteristic of the deposits in the terrace. However, north of
Montrose the upper surface is very rough and kettled. The kettles on the
deposit at Portapique are different from those elsewhere in that they are
preferentially elongated north-south, as compared to east-west at other

deposits.

SEDIMENTOLOGY

The gravel at Portapique is poorly exposed along the shore as the
bluff is low, with a large portion covered by talus, or is nonexistent.
The best exposure is in DuPaul's gravel pit just north of the highway on
the west side of the river. The pit is about 10 m deep and almost that
thickness is exposed when the pit is being actively excavated (Fig. 2.3).
The sediment is mainly gravel with a sand matrix. In the middle of the
pit face, tabular cross beds are common, often graded (the effect of
gravity [Reineck and Singh, 1975, p. 19]) and can be openwork. The cross
beds are up to 1.5 m thick and are generally less than 10 m long. Dip
of the beds os 20° to 25°S, indicating a paleoflow in that direction.
There are also channel shaped depressions up to 10 m wide and 1 m deep,
interpreted as paleochannels. The paleochannels are infilled by channel
fill cross bedding (Reineck and Singh, 1975, p. 92) and/or tabular cross
beds. There are a few sand beds (Fig. 2.4; sample 78-1, Fig. 2.5) but
they are generally thin and discontinuous. The gravel at the top of the
pit has a crude horizontal stratification. The gravel (sample 78-3,
Fig. 2.5) has a sand matrix and is coarser than the gravel lower in the
pit (sample 78-2, Fig. 2.5) that is frequently cross bedded. Sand beds

are even less abundant in the coarse gravel at the top of the pit.
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FIGURE 2.3. West face of DuPaul's pit, Portapique. Tabular cross beds
(A) in central part of face. Gravel coarser and horizon-
tally bedded at top.

FIGURE 2.4. Sand lens in middle of west pit face, DuPaul's pit,
Portapique. Sand has channel fill cross bedding.
Sample 78-1 from sand by pen.
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INTERPRETATION

The gravel exposed in DuPaul's pit and along the shoreline bluffs is
interpreted as glaciofluvial in origin, which is consistent with Swift
and Borns' emergence data. The gravel has several features that Swift
and Borns (1967, p. 697) list as criteria for recognizing the glacio-
fluvial Saints Rest Member: «crude horizontal stratification, cut and fill
structures (especially in the sand) and an abundance of kettles. These
authors also imply that fluvial terraces (p. 698, 703) are characteristic
of this lithosome and, although they are present on the Portapique deposit,
they are not restricted to glaciofluvial deposits as the discussions of
the deltas will show.

Swift and Borns (1967, p. 698) interpret the glaciofluvial 1ithosome
as a braided stream deposit because of a relict pattern of channels on
the surface. However, the coarseness of the sediment and lack of silt
and clay (less than 1/2%, Fig. 2.5) are more diagnostic of this environ-
ment. Miall (1977, p. 7) states that ''Glacial outwash streams are almost
invariably braided,' and many recent studies of modern outwash systems
(Jopling and McDonald, 1975) confirm this statement. The conditions
necessary for braiding; abundant coarse, non-cohesive bed load, strongly
fluctuating and high discharge and steep slopes (Miall, 1977, p. 7) are

characteristic of many glacial meltwater systems.

HORIZONTAL BEDS
The crude horizontal stratification of the gravel at the top of the
pit is the most consistent type of bedding in outwash sediments (Church

and Gilbert, 1975, p. 61). The glaciofluvial sediments in the Minas
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terrace corroborate this statement. The initial deposition of very
coarse sediment and later entrapment of fines at lower flows leads to
discontinuous horizontal bedding (Fahnestock, 1963, p. A22). This type
of stratification indicates deposition in high discharge streams too
shallow, even at flood stage, for slip faces to form (Rust, 1975, p. 246;
Church and Gilbert, 1975, p. 61). Longitudinal bars that lack slip faces
or a more immature form of 'diffuse gravel sheet' (Hein and Walker, 1977,
p. 569) are bedforms that develop in this environment. Hein and Walker
(1977, p. 569) suggest that horizontal stratification is related more to
high discharge than to water depth. At high discharge, sediment is moved
rapidly downstream and there is little time for vertical aggradation.

At lower discharges, the gravel accretes vertically as well as moving
downstream and slip faces form.

The thickness of the tabular cross beds below the rudimentary bed-
ding (Fig. 2.3) indicates that streams were at least 1.5 m deep during
the deposition of the cross beds. As ice was presumably melting back as
it released sediment and meltwater, the overlying crudely bedded gravel
was deposited in a slightly more distal position than the tabular cross
beds. The streams might be expected to be somewhat shallower in a more
distal position but studies on modern outwash systems (Boothroyd and
Ashley, 1975, p. 218; Hein and Walker, 1977, p. 565) show little change
in channel depth from the lower part of the uppér fan to the lower part
of the mid fan. It will also be shown by hydrodynamic calculations that
stream depths were probably in the 1 to 2 m range during the deposition
of the crudely bedded gravel. Thus, the streams should have been deep

enough for slip faces to form and the horizontal stratification is
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probably related to more rapid downstream sediment or to the slightly
coarser grain size. The crudely bedded gravel at the top of the pit is
probably an aggraded sequence of diffuse gravel sheets (Hein and Walker's

1977 model).

TABULAR CROSS BEDS

Most tabular cross beds are deposited on the slip faces of bars.
Miall (1977, p. 14) restricts the development of slip faces to linguoid
(transverse) bars. Others (Boothroyd and Ashley, 1975, p. 220; Gustavson
et al. 1975, p. 279; Collinson, 1978, p. 21) do not restrict the develop-
ment of slip faces or tabular cross beds to linguoid bars and state that
longitudinal bars can also have slip faces. Miall (1977, p. 14) further
states that linguoid bars (and hence tabular cross beds) are most typical
of sandy braided rivers. However, Hein and Walker (1977, p. 565) observed
foreset slopes (slip faces) in the midstream and downstream reaches of
the Kicking Horse River. The gravel was finer (mean clast size = -4.6¢,
midstream; -3.7¢, downstream) in these reaches than in the upstream
reach (mean clast size = 5.6¢) where slip faces were absent., Discharge
was lower in the midstream and downstream reaches and there was sufficient
time for the gravel to aggrade and develop slib faces. Their model
predicts crude horizontal bedding in the coarse, proximal areas and both
cross and horizontal beds in the finer, more distal areas (Hein and
Walker, 1977, p. 569).

Studies of post-Late Wisconsinan outwash reveal that tabular cross
beds of gravel are not uncommon in outwash of this age, and various

depositional mechanisms have been proposed for the cross bedding.
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McDonald and Banerjee (1971, p. 1298) attribute tabular cross beds of
pebble gravel to the downstream migration of transverse bars. Eynon and
Walker (1974, p. 58) suggest that gravel foreset beds (up to 4 m thick)
were deposited on the downstream side of a bar core formed by previous
erosion of the outwash. Costello and Walker (1972, p. 397) suggest that
large tabular cross beds of gravel (up to 3 m thick) were deposited on
the slip faces of mid channel bars. Rust (1975, p. 247) argques that the
large foreset beds described by Costello and Walker (1972) could not have
formed on an outwash plain as even at flood stage, the streams would not
be deep enough. He suggests that the foreset beds were deposited in ice
melt out depressions (kettles) but the sedimentological relationships
described by Costello and Walker (1972) do not fit that interpretation
very well.

The depositional mechanism for the tabular cross beds at Portapique
was not evident as talus covered the beds on the upstream end. However,
the beds are present and they are composed of gravel. While tabular
cross beds or foreset slopes may not be common in the gravel parts of
modern outwash systems, it appears that they are more common in the out-
wash deposited at the end of the last glaciation. This implies that
there are differences in processes between the modern and paleo-outwash

systems that have been studied.

VERTICAL SEQUENCE
The textural relationship between the cross beds and the crude
horizontal beds is consistent with Walker and Hein's (1977) model; the

cross beds are composed of finer gravel (MZ = -3.03¢) than the horizontal
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beds (MZ = -L4.54¢). However, their position in the vertical sequence is
the reverse of what is predicted. Most studies (Boothroyd and Ashley,
1975, p. 218; Church and Gilbert, 1975, p. 66) show that grain size
decreases downstream and therefore, in a retreating ice front situation,
the gravel higher in the vertical sequence would represent a more distal
depositional environment. Three possible reasons for the inverse rela-
tionship at Portapique are: 1. the ice advanced after the deposition of
the cross beds and the crudely bedded gravel was deposited in a more
proximal environment than the cross beds; 2. as the ice retreated it
released coarser sediment in the fluvial transport range and, although
the downstream fining continued, coarser sediment was supplied to each
location along the system; or 3. the upper gravel was deposited during
higher discharges than the lower gravel. Few data exist to support any
of these possibilities but there is no evidence of an ice advance any-
where along the terrace. As for differences in discharge, hydrodynamic
calculations (discussed below) show that the difference in the maximum
stream velocity for the cross beds and for the horizontal beds is small.
Deposition of the sand matrix necessitates fluctuations in stream
velocities both for the middle and upper parts of the sequence and
fluctuations in discharge are also a requirement for braiding. Thus, a
difference in the size of sediment supplied to the system is favoured by
the process of elimination of the other alternatives but there are no

positive data to support this conclusion.
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HYDRODYNAMIC CONSIDERATIONS

GRAVEL

The shape of the cumulative curves and poor sorting of samples 78-2
and 78-3 (Fig. 2.5) imply that the samples are composed of two better
sorted end members. As has been suggested, the sand matrix is probably
the result of infiltration at low flow. The samples were split at -1¢
and replotted as separate samples (Fig. 2.6) to confirm this. The gravel
fractions are very coarse (MZ = -4.71¢, MZ = 5.44¢) and the sand fractions
are coarse grained. Hydrodynamic calculations were made to estimate
various stream parameters and to test the theory of sand infiltration at
lower flows. The results are given in table 1.

The equations used to calculate U, the average stream velocity, and
Fr, the Froude number listed in table 1 are as follows. Blatt et al.
(1972, p. 87) related L the critical shear stress, to U as

T = fpu? (1)

o —g—
where f is the friction factor and p is the fluid density. Rearranging

the equation to solve for U gives

U= [STO] 172 (2)
o

where the flow depth, D, is known, the Froude number is related to stream
velocity (Blatt et al., 1972, p. 84) as

Fr (3)

= U
gDi]/z
where g is the acceleration due to gravity (980 cm/secz).
Samples 78-2 and 78-3 have sharp cut offs on the coarse end of the

distribution, at approximately -5.5¢ and -6.5¢ respectively as seen in
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TABLE |I.

Hydrodynamic calculations for the glaciofluvial sediment at Portapique.

) Gravel To K Flow U " Ut , L Yo (power)
Bedding size  (dynes/  mmmmmm—— depth ] slope U e (€rgs/cm®/  power (dynes/ ‘
type (¢) cm2) ¢ mm (m) f (m/sec) Fr (m/sec) ' 'slope (cm/sec) (mm) (9) sec) (m/sec) "power cm?) (mm)
horiz. -3.5 110 -5.4 42,2 2 .05 1.3 .29 - - 10.5 0.81 0.30 - - - - -
horiz. -6.5 830 -5.4 42,2 1 .067 3.1 .99 2.5 .80 28.8 2.3 -1.20 - - - - -
horiz. -6.5 830 -5.4 42.2 2 .05 3.6 .81 4.2 .95 28.8 2.3 -1.20 - - - - -
x-bed -3.0 74 -4.7 26 2 .042 1.2 .27 - - 8.6 0.70 0.51 - - - - -
x-bed -5.5 430 -4.7 26 2 .042 2.9 .66 4.5 1.02 20.7 1.5 -0.58 - - - - -
sand 1.0 2.7 .41 0.38 0.2 .0235 0.3 .21 1.9 1.36 - - - Looo 1.1 .79 36. 4.2
sand 1.0 2.7 1.41 0.38 1 .0159 0.4 .13 5.2 1.66 - - - 4000 1.3 42 31. 3.8

A
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figure 2.6. The fine ends of the gravel components dropped off at about
-3.0¢ and -3.5¢, respectively. For comparison, calculations were made
for each sample at both the coarse and the fine ends of the gravel
distribution. The critical shear stress necessary to initiate bed load
movement, Ty is given for different grain sizes in Blatt et al. (1972,
p. 91). To obtain f, the friction factor, the relative bed roughness
K/D must be calculated. The height of the projections on the bed, K,
can be estimated as the mean grain size of the gravel fraction. The
flow depth, D, was taken as 2 m for the cross beds. The beds were up
to 1.5 m thick so the streams had to be deeper than that to deposit the
beds. The flow depth was taken as 2 m for the horizontal beds as well,
but for the coarse fraction a calculation was also made for D = 1 m to
show what the effect of shallow depth would be on moving the coarse
fraction. A Moody diagram (Streeter, 1966, p. 260) can then be used to
obtain f.

A second equation independent of grain size was used to calculate
stream velocity and serves as a check on the previous calculations. The
average stream velocity is related to the stream slope by the equation
(Blatt et al., 1972, p. 87)

- [%g] 1/2 (DS)]/Z ()

U

slope
where S is the stream slope expressed as a dimensionless number. The
stream slope can be approximated by the gradient of the upper surface,
5.5 m/km (Fig. 2.2).

To compare the size of the clasts to the size of the matrix, the

shear velocity U* must be calculated. For a given value of T, (Blatt
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et al., 1972, p. 87)

u =y 12 (5)
o

The shear velocity must be equal to, or greater than, the settling
velocity (w) of the sediment in order to keep it in suspension (Harms
et al., 1975, p. 138). Thus, the diameter of a quartz sphere with a
settling velocity, w, equal to U* gives an estimate of the maximum
diameter of the sediment that will be kept in suspension. Blatt et al.
(1972, p. 54) give settling velocities for quartz spheres and in table 1,
w is the grain size of the sediment that has a settling velocity equal
to U*,

As shown in table 1, the stream velocity required to initiate bed
movement in -6.5¢ gravel (horizontal bed) at a flow depth of 2 m is
3.6 m/sec. Under those conditions, the suspended load is very coarse as
granule gravel can be maintained in suspension. Changing the flow depth
to 1 m only drops the velocity to 3.1 m/sec. Calculations for the -3.5¢
gravel over the same bed give a stream velocity of 1.3 m/sec and sediment
up to coarse grained sand will be kept in suspension. Therefore, stream
velocities had to drop to 1.3 m/sec or lower for the coarse grained sand
‘'to be deposited as matrix in the horizontal beds. This is still a very
high flow and the good sorting of the coarse grained sand (Fig. 2.6)
reflects this as finer sediment was kept in suspension. The stream
velocity necessary to initiate bed load movement for the coarse gravel
(-5.5¢) in the cross beds is calculated to be 2.9 m/sec, which is

0.7 m/sec lower than the velocity for the horizontal beds.
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The velocities calculated using the stream slope are in fairly
close agreement with the velocities calculated using the grain size.
Where the flow depth was assumed to be 1 m for the horizontal beds, the
slope velocity (2.5 m/sec) drops below the velocity calculated using
grain size. The slope velocity is too low to move sediment of the
observed size and therefore the flow depth (1 m) is probably incorrect.

Where US is larger than U there is no problem because U is the minimum

lope
velocity required to move bed load of that grain size. As is shown in
table 1, changing the depth has a marked effect on Uslope'

The Froude numbers are quite high and even exceed unity for Uslope
for the tabular cross beds. Flows are supercritical at Froude numbers
greater than 1 and subcritical at Froude numbers less than 1 (B]atf et al.,
1972, p. 84). Supercritical flows would not be expected over long
distances because of their instability. The stream velocity of 3.6 m/sec
for the horizontal gravel gives a Froude number of 0.81 which is high
enough that antidunes may have formed (Boothroyd and Ashley, 1975, p. 220).
It is interesting to compare the flow parameters estimated in
table 1 tomeasured flow parameters for the Scott outwash fan (Boothroyd
and Ashley, 1975, p. 197). Over the lower part of the upper fan and mid
fan (a distance of 10 km), velocities ranged from 0.40 to 1.55 m/sec at
flow depths of 0.10 to 0.70 m, giving Froude numbers from 0.27 to 0.95.
On the upper fan (over a distance of 2.5 km) the velocities ranged from
1.75 to 3.0 m/sec at flow depths of 0,70 to 1.0 m. The accompanying

Froude numbers varied from 0.75 to 1.24, Taking flow depth into consider-

ation, there is quite good agreement between the estimates in table 1 and
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the flow parameters for the upper mid fan and lower part of the upper fan

on the Scott outwash system.

SAND

The same calculations discussed in the gravel section were made for
sample 78-1 (Fig. 2.5), taken from the finer part of the sand lens
(Fig. 2.4). The results are listed in table 1. The sand has a mean
grain size of 1.41¢, which was used for obtaining bed roughness, and a
coarser limit of about 1¢. The flow depth (0.2 m) was obtained from the
depth of the sand lens.

The calculated values for U and Us]ope are widely discrepant. The
stream vefocity calculated from the grain size (0.3 m/sec) is probably
too low as the finer side of the lens was sampled. The stream velocity
calculated from the slope (1.9 m/sec) appears to be unrea]istfcally large.
Conspicuously absent from the sand are ripples, even in the overlying
horizontal sand (Fig. 2.4). The grain size of the sand is finer than
0.6 mm so ripples would form in the lower flow regime (Blatt et al.,
1972, p. 119, 121). Because stream power and flow regime are related,
the stream velocity required for upper flow regime conditions can be
calculated. Stream power can be defined as (Blatt et al., 1972, p. 121)

stream power = UT_ (6)

For sand 0.38 mm in diameter, the transition to upper flow regime
conditions occurs at about 4000 ergs/cmz/sec (Allen, 1970a, p. 79). |If
(1) is multiplied by U

Ut = pr3 (7)
° T8



L2.

and UTO is the stream power (6). Rearranging the equation to solve for

U gives

U = ['8 ] 1/3 (UTO)]/3 (8)

fo
Setting the stream power equal to 4000 ergs/cmz/sec gives a velocity
U of 1.1 m/sec and a Froude number, Fr , of 0.79 (Table 1).
power power
The Froude number is close to the value for antidune formation. Thus,
the sedimentary structure of the sand implies that velocities were in
the 1.1 m/sec range, which is between the values calculated for U and

U The lack of sediment finer than medium grained attests to the

slope’
winnowing strength of the current, This velocity can be checked by

. . _ 2y .
solving for T, using (6). The value (To power = 36.4 dynes/cm”) is the
critical shear stress for sediment 4.2 mm in diameter (Blatt et al.,
1972, p. 91). The small pebbles and granules on the south side of the
lens (Fig. 2.4) are consistent with this value.

For comparison, the same calculations were made for the sand using
a flow depth of 1 m as some of the flat bedded sand may have been depos-
ited in deeper water. The discrepancy between U and Us]ope increases
because U has a very high value of 5.2 m/sec. The value of U

slope power

(1.3 m/sec, using the lower to upper flow regime boundary) once again
appears to be more reasonable and is only 0.2 m/sec more than that calcu-
lated for a flow depth of 0.2 m. Thus, changing flow depth greatly
affects Us]ope but has less effect on velocities calculated using grain

size or stream power. However, the Froude number drops to 0.42. The

corresponding shear stress (t ) is sufficient to move granule gravel.
o power :
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In summary, although the sand was deposited at low discharge when
stream power was too low to move the coarse gravel, the flow velocities
were still probably quite high (=1 m/sec). The overall range of esti-
mated velocities is about 1 to 4 m/sec. |f lower velocities existed,

the preservation potential of their deposits must have been low.

OVERVIEW

The abundance of kettles indicates that the outwash was deposited in
close proximity to dissipating ice. The kettles show that some ice
persisted until after deposition had ceased on the upper surface and,
in one instance, on a terraced surface. The particularly rough surface
north of Montrose is unlike the surfaces of other deposits in the Minas
terrace and this outwash must have been deposited just before the supply
of sediment ceased. By the time the ice had melted, there was little
sediment to infill or smooth the surface.

The slope of the upper surface, dip of the tabular cross beds and
location of the deposit indicate that meltwater was discharging to the
south along the Portapique River valley. The sedimentological data
suggest a braided outwash environment with coarse gravel (up to -7¢)
and flows from 1 to 2 m deep reaching velocities of 4 m/sec. There is
no indication of delta foresets or bottomsets in the exposed sediments.
The deposit is graded towards the Minas Basin and postdepositional marine
erosion has undoubtedly removed much of the distal end of the deposit.
One section of the present shoreline bluff has been observed to recede

in the order of a metre per year over the period from 1975 to 1978.
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CHAPTER 3. BASS RIVER AREA

SURFICIAL GEOLOGY

Bass River is almost equidistant from Parrsboro, 43 km to the west
and Truro, 40 km to the east at the head of the Minas Basin. It is
approximately 10 km west of Portapique. There are two deposits of glacio-
fluvial gravel in the Bass River area: the main deposit at Bass River
that extends well inland, north of the confluence of Miller Brook and

Bass River and a small deposit at Little Bass River (Fig. 3.1).

BASS RIVER

At Bass River, the deposit is narrow but it extends farther inland
than the deposits to the west, although not as far as the deposit at
Portapique. Along the Minas shoreline it occurs on both sides of the
mouth of the Bass River but the combined width is less than 1 km. How-
ever it extends inland (north) along the Bass River valley for a distance
of almost 5.5 km, keeping a relatively constant width (less than 1 km)
except near the northern limit where it narrows to less than 0.25 km. In
several p]acés it is broken into isolated 'buttes' by stream erosion.

The gravel overlies the Triassic Blomidon and Wolfville Formations
(undifferentiated) for most of its length. The exceptions are at its
northern extremity where it may overlie Triassic North Mountain Basalt
and for roughly 1 km centred on the confluence of the West Bass River
and Bass River where it overlies the Upper Carboniferous Parrsboro
Formation.

The deposit reaches an elevation of 37 m on its proximal (north)

end and slopes down to 12 m at its distal end. The deposit is confined
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to the Bass River valley and its limits are fairly easily recognized
because of the flat nature of the upper surface of the gravel and the
rolling topography of the surrounding hills. The hills near the shore-
line generally increase in elevation to the west as the belt of soft
Triassic red beds narrows and at Bass River they are slightly higher

(over 45 m) than at Portapique. North of the deposit the elevations rise
sharply in the rugged Carboniferous hills to 150 m or more. At the
Cobequid Fault the land rises sharply again to a plateau north of the
fault at elevations of 275 m or more.

The upper surface of the glaciofluvial gravel slopes seaward with
little east-west component. The seaward gradient is 5.0 m/km (Fig. 3.2)
and there is relatively little scatter amongst the data. Except for the
eroded central portion over which the Bass River flows, there is only one
small terrace, 3 to 4 m below the upper surface, in central Bass River
just north of a Qrave] pit. The pitted surface of the outwash west of
Sand Point corresponds with the kettles that Swift and Borns (1967)
mention at Saints Rest.

Although the deposit reaches at least 37 m in elevation to the
north, there is only a 6 m drop to the Bass River, which flows over bed-
rock. South of this where the upper surface is approximately 30 m in
elevation, there is roughly a 15 m drop to the Bass River. However the
relief between the Bass River and the upper surface is roughly 10 m or

less for much of the deposit.

LITTLE BASS RIVER
The deposit at Little Bass River is exposed along the Minas shore-

line on both sides of that river, is less than 0.5 km wide at each
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exposure and extends inland for approximately 1.5 km., |t overlies the
Triassic red beds as at Bass River. The deposit reaches 20 m in
elevation at its proximal (north) end and slopes down to 12 m at its
distal end. The surrounding bedrock reaches elevations of 30 m or more
and the bedrock/gravel contact is easy to place. Hills in the Carbonif-
erous immediately to the west reach heights of 90 m or more.

The seaward gradient of the upper surface of the gravel is 5.5 m/km
(Fig. 3.2) but this is not a reliable figure as the deposit is small,
data are sparse and the data are relatively scattered. A terrace, appar-
ently of the first order, occurs on the east side of the river north of

the highway but no elevation was obtained for it.
SEDIMENTOLOGY

BASS RIVER

At Bass River, the main exposures are along the shore west and north
of Sand Point, Saints Rest. This is the type area for the Saints Rest
Member (glaciofluvial) of the Five Islands Formation (Swift and Borns,
1967, p. 703). North of Sand Point the bluff is 3 to 5 m high and the
exposure is better than west of Sand Point where the bluff is a little
lower (1 to 4 m high). |In the central part of the northern exposure the
gravel, from 1.5 m to 4 m thick, erosionally overlies soft Triassic red
beds, up to 2 m thick (Fig. 3.3). The red beds thicken to the north
but end abruptly with a sharp erosional contact. At the truncation, the
upper metre of the red beds is in contact with gravel but the lower metre
abuts a partly washed till which thins out to the north over several

metres. Just north of the bedrock truncation, a large clast of Triassic
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red bed (Fig. 3.4), which was really a clast of sand rather than sand-
stone, occurred in the gravel.

The gravel is similar in texture and structure to the crude horizon-
tal beds at Portapique. It is closedwork (sand matrix) and the crude
bedding, imparted by changes in grain size and by discontinuous sand
beds (Fig. 3.4), ranges in thickness from 10 to 50 cm. The horizontally
stratified sand beds, up to 30 cm thick and tens of metres long, are
more abundant in the upper part of the gravel. There is one occurrence
of tabular cross beds, 0.5 m thick and several metres long, that dip 20°S.
The overall grain size is similar to that of the horizontal beds at

Portapique but the gravel is slightly coarser at the bedrock contact.

LITTLE BASS RIVER

One of the best exposures of fluvial structures in the entire
terrace is along the shoreline west of the Little Bass River. The ex-
posure is 4 to 5 m high but in the central section there is a red till,
up to 1 m thick, at the base. The gravel is closedwork and generally
finer grained than at Saints Rest, although some boulders up to about
25 cm in diameter are present, particularly just above the till where
they are probably an erosional lag. Unlike the outwash at Portapique
and Bass River, sand beds are common.

The striking difference between the gravel here and elsewhere along
the terrace is the abundance of cut and fill structures. The structures
are interpreted as paleochannels and are infilled by channel fill cross
bedding, tabular cross beds, massive sand or gravel or some combination
of these. The cross stratification dips south to southwest, indicating

paleoflow in that direction. The sand beds (5 to 30 cm thick) are more
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FIGURE 3.3. Eastward facing exposure of glaciofluvial gravel overlying
Triassic red beds, Saints Rest. Red beds are truncated to
north. Fence pickets on side of bank attest to rapid
shoreline erosion.

FIGURE 3.4. Clast of Triassic red bed {(at trowel) in outwash at Saints
Rest. Trowel easily removes sand. Discontinuous sand beds
(coarse) in middle to upper part of gravel.
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abundant in the lower part of the exposure (Fig. 3.5) and form sandy
intervals over 1 m thick. Most of the sand is parallel laminated or
bedded but some is cross stratified.

The gravel in the lower two thirds of the exposure is mainly cross
stratified with tabular cross beds. The cross beds infill channel
shaped depressions with the coarsest gravel at the bottom of the cross
bed, but can have sandy toesets (Pettijohn et al., 1973, p. 351) that
continue up the opposite side of the paleochannel. Some paleochannels
are cut in sand and infilled with gravel (Fig. 3.5). One set of tabular
cross beds is not exposed at the bottom but is over 1 m thick and appears
to infill a paleochannel. The largest exposed paleochannel, approximately
5 m across and 1 m deep, has a very coarse, massive gravel infill |
(Fig. 3.6). The gravel along the top of the exposure is commonly coarse
and massive to crudely horizontally stratified (Fig. 3.6), similar to

the glaciofluvial gravel at Saints Rest and Portapique.

INTERPRETATION

BASS RIVER

As has been mentioned previously, the gravel exposed along the bluff
at Saints Rest is the 'type' section for the glaciofluvial Saints Rest
Member. The structure and texture of the gravel are similar to those at
Portapique and the depositional environment is interpreted to be essen-
tially the same - shallow (1 to 2 m), braided streams with high flow
velocities. The predominance of massive to crude horizontal bedding

implies rapid downstream sediment movement.
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FIGURE 3.5. Gravel channel deposit (C) cut in sand. Channel infill
consists of tabular cross beds. Sand, abundant in bottom
half of exposure, is both cross and horizontally stratified.
Till (T) in lower part of photograph.

FIGURE 3.6. Large channel deposit (C) composed of coarse, massive gravel.
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The clast of Triassic red bed (Fig. 3.4) in its present state
could not withstand transportation and deposition with the surrounding
gravel. There appears to be two probable explanations for its emplace-
ment: 1. the clast was frozen during transportation and deposition, or
2. the clast has been delithified by postdepositional processes. As the
lithification of the clast varies little from the lithification of the
Triassic red beds at Saints Rest and elsewhere (they are friable to
unlithified), it seems most lTikely that the clast was frozen during
transportation. This interpretation is also consistent with the rarity
of Triassic clasts or pebbles. |If the red beds had been competent
enough to withstand erosion and deposition, Triassic pebbles would be

common in the gravel as it is the underlying bedrock.

LITTLE BASS RIVER

The gravel exposed at Little Bass River is also glaciofluvial in
origin but is different from glaciofluvial gravel at Saints Rest and
Portapique, or elsewhere in the Minas terrace. The abundance of sand
in the lower part of the sequence, theufineness of the gravel and the
numerous cut and fill structures are all uncommon.

The predominance of sand could be the result either of stream power
being too low to move coarse gravel or of little gravel being supplied
to the system. Most of the sand is parallel laminated so upper flow
regimes were common but the presence of dune cross bedding and absence
of ripple cross stratification means that stream power did drop into the

upper part of lower flow regime conditions (Blatt et al., 1972, p. 121).
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Although the gravel in the middle of the sequence is finer than the
gravel at Portapique and Saints Rest, there are large pebbles scattered
throughout the gravel. This suggests that the critical shear stress,

T,» was sufficient to move gravel of that size but the supply of pebble
gravel was low. The one channel deposit of very coarse gravel (Fig. 3.6)
shows that at least some streams were strong enough to transport coarse
sediment. The coarser gravel at the top of the sequence is similar in
structure and texture to that at Saints Rest and Portapique and similar
processes are interpreted for its transport and deposition.

The cut and fill structures are composed of tabular cross beds,
channel fill cross beds, or both. Channel fill cross beds are tgé result
of sediment accretion along the sides and bottom of the channel and do not
necessarily represent lower flow regime sedimentation. The tabular cross
beds in the sand were probably deposited by the downstream migration of
linguoid or transverse bars (Miall, 1977, p. 14). Tabular cross beds

composed of gravel are supposed to be rare so their abundance here is of

particular interest. For this reason, the gravel cross beds are discussed

in the following, separate section.

ORIGIN OF GRAVEL CROSS BEDS, LITTLE BASS RIVER

As stated previously, gravel cross beds are more common in Late
Pleistocene outwash sequences than in modern braided streams. Rust
(1975, p. 246) and Miall (1977, p. 34) invoke special circumstances, such
as a confined valley, to increase flow depth sufficiently to develop
gravel slip faces. Their discussions, as well as that of Hein and Walker

(1977, p. 569) involve cross beds deposited from the downstream migration
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of inchannel bars. The outwash at Little Bass River shows that another
mechanism was important in depositing gravel cross beds.

A1l of the gravel cross beds at Little Bass River infill paleo-
channels, the shape of which show that the interchannel/channel margins
were relatively steep. Gravel was transported across the top of, and
deposited on the downstream side of, the interchannel bars. The steep
slope of the downstream side of the bars (upstream side of the channels)
acted as a depositional slip face and the cross beds prograded across
the channels until the channels were infilled. This obviously required
flow depths that exceeded the channel depths. Moreover, the flow depth
over the interchannel areas had to be sufficient to transport gravel.
The very coarse gravel (Fig. 3.6) was deposited as a massive channel
infill so that stream power was probably insufficient to transport gravel
of that size over the interchannel bars. Similarly, Boothroyd and Ashley
(1975, p. 219) observed that the coarsest gravel was moved in the deeper
parts of the system. Thus, large areas of the outwash must have been
flooded at high discharge when the cross beds were deposited. At lower
discharges, the flows would occupy the unfilled channels.

This process of gravel cross bed deposition depends upon the
existence of relatively steep sided, well defined channels and large
fluctuations in discharge. Many chanﬁels in the gravel sections of
modern outwash systems appear to be shallower and broader with less con-
cavity than those at Little Bass River (Fahnestock, 1963, p. Al7;
McDonald and Banerjee, 1971, p. 1287; Rust, 1975, p. 246). The paleo-
channels at Bass River are cut into sand or fine gravel which ﬁight be

a factor in their shape. Large fluctuations in discharge are necessary
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because it seems difficult to imagine the channels being cut at high flow,
when flooding and channel infilling were prevalent. The channels were
probably cut at lower, but still strong, flows.

This process of interchannel bars serving as nuclei for the depo-
sition of cross beds is similar to that proposed by Eynon and Walker
(1974). They observed foresets up to 4 m high deposited on the down-
stream side of a bar core. The bar core was an eroded remnant caused
by the incision and erosion of streams on the outwash plain (Eynon and
Walker, 1974, p. 57). At Little Bass River, the amount of time for
incision and erosion appears to have been less, so only incision, with
little lateral migration, of the channels was accomplished.

Because the cut and fill structures are more numerous and better
developed at Little Bass River than elsewhere in the terrace, the finer
grain size may have been important in this process. The sand and fine
gravel may have permitted channel incision at lower flows that would not
have been accomplished, or at least achieved with greater difficulty, in
coarser gravel. The fineness of the gravel allowed sediment transport
over the interchannel bars while gravel as coarse as that at Saints

Rest or Portapique was probably limited to the deeper parts of the system.

OVERVIEW

BASS RIVER
There are fewer kettles in the gravel at Bass River than at Portapique
but the kettle pond and pitted area on the upper surface indicate that

the outwash was still deposited in close proximity to dissipating ice.
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The slope of the upper surface, the dip of the tabular cross beds
and the location of the deposit show that meltwater was discharging to
the south along the Bass River valley. The similarities in structure and
texture of the sediment to that at Portapique imply a similar deposition-
al environment of braided streams. The glaciofluvial gravel north of
Sand Point directly overlies bedrock so it is not topset gravel there
and also is probably not topset gravel to the north of Saints Rest.
Swift and Borns (1967, p. 708) state that the contact between the Advocate
Harbour and Saints Rest Members lies halfway down the beach (approximately
mean sea level) at Saints Rest. It is possible that west of, and at,
Sand Point the glaciofluvial gravel is underlain by deltaic sediments but

this was not observed.

LITTLE BASS RIVER

There are no kettles or clasts of unlithified sediment to indicate
proximity to ice or freezing conditions, but it is assumed that the
outwash was deposited in conditions similar to those of Portapique and
Bass River.

Sedimentological data imply deposition by braided streams that
probably flooded the surface of the deposit at.high discharge. The dip
of the tabular cross beds and slope of the upper surface of the deposit
indicate a southward meltwater discharge out of the Little Bass River
valley, although the deposit does not extend as far inland along the
valley as do the deposits at Bass River and Portapique. The western
part of the deposit overlies till or bedrock along the shoreline so the

gravel does not represent the topset facies of a delta.
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CHAPTER 4. ECONOMY

SURFICIAL GEOLOGY

Economy is located about 10 km west of Bass River and 35 km east of
Parrsboro. The surficial geology at Economy is somewhat enigmatic
(Fig. 4.1). Gravel pits and the low shoreline bluffs, generally 1 to
3 m high, expose glaciofluvial gravel but circumstantial evidence, dealt
with later, points to a deltaic.origin for the deposit.

The deposit overlies, and is bounded by, low lying Triassic Blomidon
and Wolfville Formations (undifferentiated). North of the deposit for
all but the extreme western part, the gravel thins out over the gently
sloping red beds and the contact is difficult to place. The gravel
reaches 16 m above sea level in several places along its northern limit
and the contact is at about this elevation. The boundary between the
soft Triassic red beds and the Carboniferous Parrsboro Formation is at
about 30 m and the gradient steepens abruptly as the Carboniferous hills
reach elevations of over 135 m. At the extreme western end of the
deposit, the gravel abuts the Carboniferous to the north (Fig. 4.1).
Economy Peninsula to the south of the deposit is comprised of Tow
(below 30 m) hills of Triassic bedrock and the outwash/bedrock contact
(at =15 m) is also difficult to place.

The upper surface of the deposit generally slopes seaward, but on
Economy Peninsula there is an eastward slope to the surface. The low
elevation of the surface, the somewhat conjectural boundaries and the
narrow, elongated (along the shoreline) shape of the deposit make the

calculation of exact gradients meaningless. The gradients (from 2 to



59.

7 COBEQUID | COMPLEX o R
FAULT [V anp AN ol \'AMMEﬁST
cOBEQUID e _
VRS Y S S A R I - R I
A AN / 43030} H4se30’
CA[RBONIFEROU P Sowi
M — I A
Mr(aan e A A Y
%
& TRIASSIC -
SEDIMENTARY

b
3

%

]

L e e e -
<\ /;
b7
AN s
%

LEGEND

IR

ECONOMY

COVE ROAD

Highest
Erosional terraces

Lowest

Raised marine plain

Recessional moraine

TRIASSIC

SEDIMENTARY
_—

Kames

Glaciofiuvial

Proglacial delia ?

JUMO0 HEHA

Esker (direction of flow unknown) <><><>

Kettle, kettle lake . .. K, Kt COLGHESTER - COUNTY
Raised beach ... ... ... e e ===\

Surficial geological boundary{defined, approx.).. .. .~ — // )

Bedrock geological boundary {approx, assumed).. . . ceocmver f ¢ /

Fauht {approx.).... P LAAS AAA €

Altimeler elevation (mefres).................................e30 Qe ®

Vertical control point (melres). ... ... .. 440 [~ e

Surficial geology by Doryl M. Wightmon, 1976 - 1978.
Bedrock geology from unpublished maps, N.S. Dept. of Mines,
H.V. Donohoe ang P.I. Wallace , 1974 -1978. Tille generally . o PN

thin, are omitted. X TN
0 N | 1500 metras N 7 LY
° j ! ) T 5000 faat

ECONOMY FOINT

Base map modified from N.S. Dept. of Lands & Forests /115,840 Mag Sqries.

F l GURE ’-} . ] o Map H. Surficial geology of the Economy area, Coichester County, Nova Scotia.



60.

L4 m/km) generally steepen near the bedrock boundaries (e.g. north of the
highway west of Economy River) and are shallow near the shoreline.
Several small terraces are incised below the surface (Fig. 4.1).

The surface of the deposit east of Economy Point Road is quite
irregular and pitted. North of this pitted surface is a ]arge irregular-
ly shaped kettle (longest dimension =500 m). The kettle has been breached
on the southwest corner by stream erosion leading to the Economy River
estuary. A smaller (300 m x 75 m) kettle occurs just north of the high-
way in Central Economy and an irregular indentation just east of this in

the Economy River valley may be the result of a partially eroded kettle.

SEDIMENTOLOGY

The best shoreline exposures are on the east side of Economy Point
at the end of Cove Road (2 to 3 m bluff) and along the shore from the
Economy River estuary to Carrs Brook (1 to 2 m bluff). Some gravel is
exposed in a small pit (owned by G. Morrisson) in Economy and better
exposure exists in a larger pit just east of Economy Point Road.

The sediment exposed in the pits and along the shoreline is gravel
with a sand matrix, with few sand beds and lenses. The gravel is mainly
massive but in places there is a rough horizontal stratification.
Southward dipping tabular cross beds up to I m thick are present in the
gravel pit east of Economy Point Road. Although gravel is exposed in the
walls of Morrisson's pit, Mr. G. Morrison (1977, personal communication)
stated that the whole pit is underlain by sand which is at least 4 m deep
in one part (depth of a water well). A small shovel dug hole in the pit

floor exposed sand beds that dipped 25°SW.
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GLACIOFLUVIAL OR GLACIODELTAIC ORIGIN(?)

The gravel exposed along the bluffs and in the pits at Economy is
similar in structure and texture to the gravel exposed at Saints Rest
and Portapique and is therefore interpreted as glaciofluvial in origin.
Swift and Borns (1967, p. 708) state that the contact between the Saints
Rest and Advocate Harbour Members is exposed at the base of the bluff
(top of the beach, =8 m above sea level) along the shoreline between
Economy and Carrs Brook. Vic Prest (1978, personal communication) also
stated that foreset beds were visible along this beach. From 1976 to
1978, the berm of the beach was well developed and the underlying sediment,
as well as most of the low bluff, was completely covered.

The sand at the bottom of Morrisson's pit was stratified similar to
foreset sand (dip of 25°SW), but the exposure was not large enough to
permit any firm interpretation. The gravel/sand transition at the base
of the pit is similar to gravel/sand transitions at the topset/foreset
contacts of known deltas in the terrace. Moreover, the base of the pit
has an elevation of 10 m (altimeter) which is very similar to the eleva-
tion of Swift and Borns' marine limit along the shore.

Thus, it is probable that the glaciofluvial gravel exposed along
the shoreline is underlain by foreset beds, in which case the glacio-
fluvial gravel is topset gravel and the deposit is a delta. However, the
interpretation is not based on direct observation by the author and
relies on reports by others. This is the reason for the question mark

behind the term 'proglacial delta' on the map, figure 4.1.
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OVERVIEW

The pitted surface east of Economy Point Road and the two kettles
give evidence of ice blocks, surrounded byloutwash, that melted after
deposition on the upper surface had ceased. A possible third kettle,
mentioned in the surficial geology section, gives a rough east-west
alignment to the kettles which might represent a former ice front
position. Thus, some of the deposit could have been laid down while
the ice front was within the present limits of the deposit.

The glaciofluvial gravel that is exposed in the pits and shoreline
bluffs is interpreted as a braided stream deposit that probably repre-
sents the topset facies of a delta. The main source of meltwater dis-
charge appears to have been the Economy River valley as the upper surface
of the delta decreases in elevation away from it. Drainage from some of
the smaller brooks to the west of Economy River may have influenced the

delta to some degree.
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CHAPTER 5. FIVE ISLANDS AREA

SURFICIAL GEOLOGY

Five Islands is located approximately 10 km west of Economy and
20 km east of Parrsboro. Swift and Borns (1967, p. 695) show one con-
tinuous deposit from Lower Five Islands to Five Islands and, although
they only mention an exposure at Lower Five Islands, they imply that the
whole deposit is deltaic. The author has mapped two separate deposits
(Fig. 5.1) comprising a delta at Lower Five Islands and a larger deposit
at Five lslands proper that is tentatively mapped as a delta but lacks

the exposure to prove it.

LOWER FIVE ISLANDS

At Lower Five Islands, the main part of the delta lies between the
Harrington and North Rivers, with a smaller part just east of the North
River. The most proximal portions of the delta overlie the Upper
Carboniferous Parrsboro Formation, while the bulk of the delta overlies
the Triassic Scots Bay Formation.

At the proximal (north) end, the delta reaches 24 m in elevation and
slopes down to 14 m at the distal end. North of the delta the bedrock
hills rise sharply to elevations over 100 m but across the Harrington
River from the delta, the Carboniferous is lower (=50 m in elevation) but
rises to the west. A knoll of Triassic protrudes through the central
part of the delta but it does not reach 30 m in height. On the east side
south of highway 2 the sediments thin out over low (below 30 m) Triassic

bedrock.
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The upper surface of the delta at Lower Five lIslands slopes seaward
at approximately 6.5 m/km (Fig. 5.2), calculated in a southeastern
direction from the proximal part of the delta at the Harrington River.
Data are more sparse along the North River but the gradient appears as
steep as, or steeper than, south of highway 2, but north of the highway
it appears to be shallower. There are several terraces eroded in the

delta along the Harrington and North Rivers.

FIVE ISLANDS

At Five Islands proper, the deposit extends discontinuously from
Shad Brook east to Beaver Brook and is broken into several parts by the
Bass River of Five Islands and the East River. The deposit overlies the
Triassic Scots Bay Formation except for a small northern part that
extends on to the Upper Carboniferous Parrsboro Formation along the Bass
River of Five Islands. The maximum elevation of the outwash is 25 m on
the proximal part between the Bass River of Five Islands and East River.
From here it slopes seaward to an elevation of 9 m on the distal portion
at Sand Point. The bedrock surrounding the deposit rises to elevations
of 75-m or more, but the slopes are not quite as steep as those found in
the bedrock surrounding the deltas to the west because of the soft
Triassic bedrock. The small part of the deposit just east of Shad Brook
is probably very thin.

The gradient of the upper surface of the deposit at Five Islands
proper is unusual. In the lower part south of highway 2, the gradient is
approximately 6.0 m/km (Fig. 5.3). North of the highway the gradient is

much lower, roughly 2.0 m/km which is less than half of the gradient to



66.

60 e Upper Terrace

0w

e x Terrace 1

o 45

=

=

c 30 — 6.5 m/km

o /

4‘; \

> 15

w
| T | | ]
0 1 2 3 4

Distance in Kilometres
V.E. = 40 X

FIGURE 5.2. Gradient of the upper surface of the delta at Lower Five
Islands. Profile northwest-southeast along the east side
of Harrington River.

N 60 ® Upper Terrace

h x Terrace |

I Ly

=

= 2.5 m/km

5 30

2 6.0 m/km

)

S

v 15—

W
] I ] | ]
0 1 2 3 L

Distance in Kilometres
V.E. = 40 X

FIGURE 5.3. Gradients of the upper and terraced surfaces of the deposit
at Five Islands. Profile northeast-southwest from proximal
part of deposit along road to New Britain, to Sand Point.



67.

the south. A fairly large terrace occurs south and east of the Bass
River of Five Islands and its gradient appears similar to the gradient
of the upper surface, which is 6.0 m/km (Fig. 5.3). Two terraces have
been correlated as second order, although they may be first order, and
there is no elevation data for the small terrace, tentatively correlated

as third order, near the estuary of the East River.

SEDIMENTOLOGY

The main exposure is at the Lower Five Islands delta along the
shore between the Harrington and North Rivers. This is one of the most
important exposures in the Minas terrace as it is the 'type' section for
the Five Islands Formation (Swift and Borns, 1967, p. 703). It is 19 m
above sea level at the proximal (W) end and slopes down to 14 m at the
distal end. One other exposure at Lower Five Islands will be discussed
briefly at the end of this section. Several small exposures occur at
Five Islands but most are too thin (Sand Point) or small to be of any

value.
LOWER FIVE ISLANDS
Topset Facies

Description

At the proximal end of the delta, the topset beds are about 3.5 m
thick. Three units, based on lithology and colour, are discernible with-
in the topset beds (Fig. b5.4), although the lowest unit is not extensive
and the grain size distribution of a sample taken from this unit poses

questions about its origin. The division of the topset facies into 3
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FIGURE 5.4. A. Three units of the topset facies at proximal end of
Lower Five Islands delta exposure. Field book at topset/
foreset contact. B. Sandstone clasts in unit 2. Sand-
stone has tendency to split along bedding planes.
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units is dealt with again in Chapter 13 where the detailed lithologic

compositions of the units are presented.

Unit L.

The lowest unit has a red tinge to its basic grey colour and about
27 percent of the pebbles are of sedimentary (non Cobequid) origin. The
unit is finer grained (sample 78-11, Fig. 5.5) than the other topset
units. The red colour is imparted by the matrix of which silt and clay
compose only 0.16 percent in sample 77-11.

The grain size distribution of sample 77-11 is markedly different
from that of the other topset samples and in fact looks similar to that
of sample 77-16 from the diétal foreset beds. They are not identical
because sample 77-11 is better sorted (steeper curve) than sample 77-16.
In figure 5.6 sample 77-11 is plotted with two fine grained (gravel)
topset samples from Spencers Island (74-199, 74-203) and the cumulative
curves are very similar. It is possible that, due either to sampling
technique or differences in sedimentary processes, finer grained fluvial
gravel has a more sigmoidal shaped cumulative curve than coarser fluvial
gravel in this setting.

The structure of the gravel in unit 1 is also that of topset, not
foreset, gravel. Unit 1 occurs above a definite topset/foreset contact
and there appears to be no disruption of the underlying foresets or
bottomsets. The gravel is horizontally stratified, similar to other
topset beds.

Unit 1 occurs only on the proximal end of the exposure and is the

Jeast extensive of the units as it is traceable with certainty over a
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distance of only 50 m from the western end of the exposure. It is approx-
imately 0.75 m thick but the thickness varies. This unit is truncated to
the east by a large channel shaped deposit (A, Fig. 5.7) that is 35 m
wide with a maximum depth of 1.1 m. The topset/foreset contact beneath
unit 1 is an erosional unconformity that is generally flat but it is
indented by several channel shaped depressions up to 0.5 m deep. East

of the Targe channel deposit, there are several questionable occurrences
of unit 1, less than 10 m long and 1 m thick, that either thin out or are

truncated.

Unit 2

Unit 2 lacks the red tinge of unit 1 and is grey in colour. It is
similar in composition to unit 1, with 29 percent of the pebbles being
sedimentary in origin but unit 2 is much coarser as is shown in figure 5.5
by sample 77-12, taken from the base of the unit. The coarseness of
unit 2 is one of its distinguishing characteristics (Fig. 5.4). Cobbles
and boulders of sandstone or tectonized sandstone, up to 70 cm x 40 cm
x 30 cm, are common to abundant and rapid lateral changes in grain size
are frequent.

Unit 2 is generally massive but in places a rough horizontal strati-
fication, 30 to 50 cm thick, is imparted by changes in grain size.
Coarser gravel tends to outline the bottoms of channel deposits (A,
Fig. 5.7) and some channel deposits are very coarse throughout. In one
coarse channel deposit, the b-axes of the ten largest cobbles was measured
and the mean is 19.3 cm. This is a very representative measurement as
the cobbles were in two adjacent groups (4 and 6) of clast to clast

contact.
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FIGURE 5.7.

Photolog of proximal part of exposure, Lower Five Islands.
Divisions on scales are 0.5 m, as in all other photologs.
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At the proximal end of the delta, unit 2 erosionally overlies unit 1
and relief on the contact is less than 0.5 m. In places, there is some
gradation between the units and the contact is difficult to place. Here,
unit 2 is approximately 0.85 m thick and it thickens to the east as
unit 1 is truncated (Fig. 5.7). The channel deposit that truncates
unit 1 is part of unit 2 and in the middle of the channel deposit, unit 2
attains a maximum thickness of 1.7 m.

From the point where unit 1 is erosionally truncated in the proximal
part of the exposure to themid part of the exposure, unit 2 overlies the
foreset beds with an angular unconformity. In the proximal part of the
exposure, the topset/foreset contact is shallowly undulating with relief
in the order of 1 m. The lows are always caused by channel deposits.

One particularliy coarse channel deposit, composed of pebble to cobble
gravel, is 12 m wide and extends 1 m into the foreset beds.

In the mid delta area, unit 2 is approximately 1.2 m thick but in
places where unit 3 thickens, unit 2 is thin and possibly even absent.
The topset/foreset contact is more planar than at the proximal part of
the delta, but it is‘difficu]t to place in certain areas where the

underlying foreset beds are similar in grain size to unit 2.

Unit 3

Unit 3 is the most conspicuous of the units as it has a distinctive
yellow brown colour, an abundance (88%) of Cobequid (igneous and meta-
morphic) pebbles and an almost vertical weathering profile. The colour
is derived partly from the sand matrix (only 0.28% silt and clay in
sample 77-14, Fig. 5.5) and partly from the abundance (51%) of granite

pebbles.
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Samples 77-14 (proximal) and 77-17 (distal) in figure 5.5 show
that the unit is fairly coarse and becomes slightly finer from proximal
to distal. The gravel fraction in unit 3 has a more even grain size,
with fewer cobbles and boulders, than that of unit 2. The gravel has a
crude horizontal stratification that is imparted by discontinuous sand
beds, most numerous in the distal section, that are usually 5 to 20 cm
thick. The sand is generally coarse to very coarse grained and horizon-
tally stratified, but there is some cross stratified sand and the grain
size does get as fine as medium grained.

From the proximal to the mid parts of the exposure, unit 3 erosion-
ally overlies unit 2, but the contact is not always sharp and in some
places there is a mixing of rock types between the two units. Relief on
the contact is less than 1 m. Unit 3 varies in thickness but is usually
from 1.5 to 1.8 m thick.

Eastwards from the proximal end of the delta, the lowest 2 units
successively thin out so that at the distal end of the delta, unit 3
constitutes the entire topset facies. As unit 2 thins out from the mid
to the distal end, the contact between the two units is difficult to
establish in some places. Even in the distal part of the delta, patches
of unit 2 or concentrations of sandstone in unit 3 occur near the topset/
foreset contact. Thus, the contacts between the topset units are
generally sharp but they can be gradational and subjective. At the

distal end of the delta, unit 3 attains its maximum thickness of 2.3 m.

Interpretation
The topset beds can be considered the equivalent of the glacio-

fluvial gravel that has been described at Portapique and Bass River as
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the topset beds are deposited by streams which cross the delta, trans-
porting sediment to the delta front (Gilbert, 1890, p. 68; Church and
Gilbert, 1975, p. 86). Gustavson et al. (1975, p. 264) state:

"It is the fluctuations in discharge, velocity,

depth, sediment load and other hydrologic para-

meters of the meltwater streams that account for

the variations in the continuum of sedimentary

structures linking deposits of the glaciofluvial,

glaciodeltaic and glaciolacustrine environments.'

Units 1, 2 and 3

Although unit 2 is coarser than unit 1 and unit 1 has a red tinge
to its colour, the pebble components of the two units are basically the
same. Unit 3 is distinctly different with a much higher content of
Cobequid rock types in the pebble fraction. Swift and Borns' (1967,

p. 706) model of northward receding ice margins during the deposition
of the deposits is considered the key to understanding the genesis of
the three topset units.

As glacial ice advances, it erodes and incorporates bedrock into
the ice. Therefore, at any given location, the ice will contain sediment
representative of the bedrock over which it has passed. The erosion of
the clasts during transport, and hence the distance downstream that the
clasts will survive depends, at least partly, upon the mode of transport
of the clasts within the ice (Andrews, 1975, p. 123) and the competency
of the clasts.

If the last ice advance over the Cobequid Highlands was from the
north (Nielsen, 1976, p. 98), ice that sat over a particular bedrock

formation would contain pebbles from that formation and from bedrock to
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the north. Outwash and till at Portapique and Bass River show that
clasts of the Triassic red beds were too incompetent to survive glacial
erosion, transportation and subsequent deposition by meltwater. However,
the closest and most likely source for the red component in the colour of
unit 1 is the Triassic red beds over which most of the delta at Lower
Five Islands lies. The lithology of the pebbles in unit 1 is consistent
with an ice front position over the red beds. Carboniferous sedimentary
rocks and the Cobequid complex lie immediately north of the Triassic
(Fig. 5.1) and both have typical representatives in the pebble fraction
of unit 1. About 27 percent of the pebbles are of sedimentary origin.
The predominance of Cobequid rock types is probably partly due to the
width of the Cobequids compared to the width of the Carboniferous
Parrsboro Formation (=13.5 km versus 2.25 km) and partly due to the
resistance of Cobequid pebbles to comminution during glacial and glacio-
fluvial transportation.

As the ice front receded to a position on the Carboniferous rocks,
clasts representative of the Carboniferous and of rock types to the
north would be released. Red matrix would no longer be supplied to the
sediment as ice in that position had not crossed the Triassic south of
the Cobequid Fault. The pebble lithology of unit 2 is consistent with
an ice front position over the Carboniferous. Although the percentage
of sedimentary rock (29%) is only slightly greater than in unit 1 (27%),
the occurrence of large cobbles and boulders of sandstone is conspicuous
in the unit.

Retreat of the ice front northward across the Cobequid Fault would

result in the discharge of pebbles representative of the Cobequid Complex
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and farther travelled sediment from the north. The low percentage of
sedimentary rock in unit 3 (12%) and the abundance of granite (51%)
agrees with an ice front position in the Cobequids. The low percentage
of sedimentary rock suggests that clasts derived from bedrock north of
the Cobequids were largely comminuted by the time ice had crossed the

Cobequids and/or the erosion of Cobequid bedrock was very high and the

other rock types were diluted. The former concept appears more plausible.

The sedimentary rock that is present was probably picked up as the

streams reworked the previously deposited outwash.

Texture and Structure

The topset beds are similar in texture and structure to the glacio-
fluvial sediments of the deposits east of Five Islands and the deposi-
tional processes are interpreted to be the same. Especially striking is
the similarity between unit 3 and the topset(?) gravel at Economy, the
glaciofluvial gravel at Saints Rest and the upper part of the glacio-
fluvial sequence at Portapique. All are rich in igneous and metamorphic
rock types, relatively uniform in clast size (upper limit generally
-6.5 to -7¢), closedwork with a medium to coarse grained sand matrix,
massive to crudely bedded and contain infrequent, discontinuous lenses
of unrippled sand. They are interpreted as an aggraded sequence of
diffuse gravel sheets deposited by braided streams. In unit 3, the
slight downstream fining of the gravel fraction (samples 77-14, 77-17,
Fig. 5.5) and downstream increase in sand beds are typical of braided
streams (Boothroyd and Ashley, 1975, p. 218; Church and Gilbert, 1975,

p. 66; Ballantyne, 1978, p. 146).
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Unit 1 is slightly finer grained and distinct beds are better
developed, but the overall process is probably the same. Unit 2 is very
coarse in places and some of the channel deposits are composed of massive
coarse gravel such as that at Little Bass River (Fig. 3.6). Flow
velocities must have been very high (>4 m/sec) to transport this gravel.
Even though the maximum paleochannel depth is only 1.1 m, the flow depth
was probably greater as the coarse channel deposits are almost as coarse
at the top as at the bottom. With flow depth greater than channel depth,
large areas on the upper surface of the delta must have been flooded at
times.

There is a noticeable difference in the number of recoénizable
channel deposits within the topsets from the proximal to distal parts of
the exposure. At the proximal end, channel deposits are common and the
topset/foreset contact is frequently indented by the deposits. The
apparent extraordinary width (35 m) of one channel deposit is probably
the result of an oblique cut through a paleochannel as the deposit is
only 1.1 m thick. Channel deposits are less recognizable in the mid
delta, and in the distal part of the exposure only the sands infrequently
contain cut énd fill structures. The topset/foreset contact in the
distal part of the delta is very flat,

The decrease in the number of channel deposits from proximal to
distal is interpreted as the result of an increasing number of stream
anabranches in the downstream direction. In the proximal part of the
del ta, stream flow was more incised and there were fewer but larger
channels. The braided pattern increased in the distal direction as the

streams fanned out over the spreading delta. As well as increasing in
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number, the channels were probably shallower and broader. This relation-
ship has been observed by others. McDonald and Banerjee (1971, p. 1284)
noted that meltwater discharge flows on to the Peyto outwash delta in
one large channel and the number(of anabranches increases in the distal
direction. Smith (1978) studied a lake (Hector) with low sediment input
but the Balfour stream also changed from a single stream to braided near
the mouth of the Balfour outwash delta (Smith, 1978, p. 742). Boothroyd
and Ashley (1975, p. 198) state that on the Yana and Scott outwash fans,
one or two incised channels on the upper fan spread out downstream into

a braided pattern.

The proximal to distal change in the topset/foreset contact reflects
this change in stream pattern. The topset/foreset contact occurs at the
base of the inflow water (Gustavson et al., 1975, p. 268) so that the
larger incised streams on the proximal part of the delta indent the
topset/foreset contact. |In the distal part of the delta, the streams
shifted laterally and eroded the top of the foreset beds to a common
depth, producing a planar, erosional unconformity. McDonald and Banerjee
(1971, p. 1284) noted that on the distal part of the delta at Peyto Lake,
stream discharge swept from one side of the delta to the other every few
years.

The channel deposits in the proximal part of the delta are in
units 1 and 2. When unit 3 was deposited, the ice front had receded
farther northward from the delta and the 'proximal' part of the delta
had become more 'distal' in the outwash system. Thus, the vertical
sequence in the topset beds at the proximal end of the exposure displays

the lateral proximal/distal variation in stream pattern.
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Foreset Facies

Description

Proximal

The foreset beds on the western end of the exposure dip 20 to 25°
to the southeast (B, Fig. 5.7), and are generally similar in grain
size to unit 1 but finer than units 2 or 3, although there are some
coarse beds (sample 77-10, Fig. 5.5). Bed thicknesses range from
several centimetres to 50 cm. Approximately 29 percent of the pebbles
are sedimentary in origin. The foreset facies is surprisingly thin,
approximately 2 m, as bottomset beds (C, Fig. 5.7) occur well up the

bank.

Mid Delta

The foresets are poorly exposed in the mid part of the delta and
no bottomset beds are visible because talus usually extends to or near
the topset/foreset contact. Most of the exposed foresets dip to the
southeast at about 25° while some dip to the south or southwest so that
the exposure is a strike section for these beds. In general, the foreset
beds are coarser than elsewhere, being as coarse as unit 2 in many
places. Pebbles of sedimentary rock type attain a maximum value of
49 percent in the mid foresets. At one location, a penecontemporaneous
normal fault, with a dip of 60°E and a displacement of 1 m, cuts the
foresets and unit 2 of the topsets, but not unit 3. Movement of the

underlying, unexposed bottomset beds is the probable cause of the fault.
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Distal

The foreset beds in the distal section of the delta dip 20 to 30°
to the southwest (Fig. 5.8). The beds are finer grained than elsewhere
in the delta which makes the topset/foreset contact easy to place. The
topset/foreset contact is a planar angular unconformity, conspicuous by
its lack of relief (A, Fig. 5.8). Medium to coarse grained sand is the
dominant component of the beds but there is some coarser sediment in the
grain size distribution (sample 77-16, Fig. 5.5). About 22 percent of
the pebble gravel is sedimentary in origin. Bedding thickness ranges
from about 5 to 50 cm, but most beds are 10 to 20 cm thick. The beds are
exposed up to a vertical distance of 2.5 m.

A peculiar sand 'dune' with a height of 25 cm was developed less
than 1 m below the topset/foreset contact in a shallow depression on a
foreset bed (Fig. 5.9). The cross stratification dipped té the north-
west, or up the foreset bed which dipped about 20°SE. The sand at the
base of the dune was laminated essentially parallel to the foreset bed,
but the laminae steepened upwards until they reached an angle of 32° to
the foreset bed. The laminae had an angulér lower contact but were
convex at the top of the dune and continued down dip essentially parallel
to the surrounding foreset beds. Succeeding laminae had tangential to
concave lower contacts (Pettijohn et al., 1973, p. 352) and gradually

infilled the lee side of the dune.
Interpretation

Grain Size
Processes involved in the deposition of foreset beds will be dis-

cussed in the chapter on the delta at Spencers Island, so only the general



FIGURE 5.8. Photolog of distal part of exposure, Lower Five Islands. Planar
topset/foreset contact. (A). Several scales (1.5 m) marked on line
drawing and on subsequent line drawings of photologs.
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FIGURE 5.9. Sand dune developed in upper foresets. Shallow depression,
with steep side up dip, in underlying bed.
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characteristics of the foresets will be discussed here. The foreset

beds are coafsest in the mid delta area where the proportion of sandstone
is greatest, but the foresets are also composed of gravel in the proximal
area and can be coarse there as well (sample 77-10, Fig. 5.5). They

are composed of sand in the distal part of the exposure, so the foreset

beds generally fine in a proximal to distal direction.

Pebble Lithology

The proportion of Cobequid rock types in the pebble fraction, from
proximal to distal, is 71 percent, 51 percent and 78 percent. The
abundance of sandstone in the mid delta not only coarsens the foresets
but decreases the proportion of Cobequid rock types. Cobequid rock types
are most abundant in the distal part of the delta, but are 10 percent
less abundant than in the corresponding topsets. This may be partly due
to the grain size difference between the distal topsets and foresets.

Pebble counting was difficult in the distal foresets because of the
fine grain size. Sediment coarser than -2.5¢ had to be searched for and
the pebbles that were counted were generally finer than elsewhere. For
this reason, all pebbles coarser than -2.5¢ were counted at every deposit
within the Minas terrace. The sandstone pebbles that were found in the
distal foresets were often very thin and chip like. Pebbles, cobbles
and boulders of sandstone in the topset beds are easily recognized because
the sandstone splits readily along bedding planes. Many cobbles and
boulders are really loose bundles of smaller tabular shaped pieces, so
the source of the chips is readily apparent. The tabular shape of the

pebbles makes their settling velocity equivalent to the settling velocity
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of smaller clasts with spherical shapes (or their equivalent diameter
[Blatt et al., 1972, p. 52] is smaller than their sieve diameter). Thus,
the enrichment of sedimentary clasts in the foresets relative to the
topsets could be partly due to their hydraulic behaviour as smaller
particles. This theory is also applicable to the foresets and topsets in
the mid delta where the foresets are enriched in sedimentary pebbles (49%)

relative to the overlying (unit 2) topsets (29%).

Sand 'Dune’!

The peculiar 'dune' in the foresets (Fig. 5.9) appears to have been
deposited by an eddy with a horizontal axis and small radius (the dune
is less than 1 m below the topset beds). The dune did not migrate up
the foreset slope, as laminae farther down the foreset bed are parallel
to the bedding, but it infills a localized erosional scour on the under-
lying foreset bed., The eddy was probably caused by strong stream outflow
into the bay forming a powerful separation eddy (Pettijohn et al., 1973,
p. 351) at the top of the foresets. The backflow of the eddy probably
eroded the scour and infilled it with the cross stratified sediment.
Lower down the foreset slope, larger scale backflow must have been too
weak to form bedforms that migrate up the foreset slope.

Only one dune was found so that the formation of such a small,
powerful separation eddy must have been uncommon. Strong stream outflow
was undoubtedly required, but should have been common as shown by the
stream velocities required to move the gravel bedload (=1 to 4 m/sec).
The férmation of this type of eddy must have been contingent upon other
factars, one of which appears to be strong and immediate mixing between

the lower part of the outflow and the sea water in the Minas Basin.
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Bottomset Facies
Description

Proximal

At the extreme western end of the exposure the foreset beds flatten
into subhorizontal sandy bottomset beds (C, Fig. 5.7), with the transi-
tion 3 to 4 m above the bése of the bank. The bottomsets are made up of
red clayey sand beds, 1 to 2 cm thick, interstratified with sand beds,

2 to 3 cm thick. Towards the east the bottomset beds disappear under
talus.

Approximately 100 m east of the west end of the exposure, bottomset
beds reappear. They are exposed for a length of about 70 m and where
they first appear, they extend to 2.5 m above the base of the bank. The
lower 1.5 m are interstratified sand and silty clay (A, Fig. 5.10)
which are overlain by 1 m of sand bottomsets (B, Fig. 5.10) that extend
up into the foresets (C, Fig. 5.10). The sands are up to medium grained
in coarseness. Although the clay content of the lower beds is signifi-
cant, it is much Tower than the clay content of the bottomset beds at a
key exposure at Spencers lsland.

The bottomsets are subhorizontal over most of this section but
there are two areas where the beds steepen to dips of 15 to 20°W. At
the first 'steepening' (D, Fig. 5.10), the bottomsets rise to 3.5 m
above the base of the bank. The lower bottomsets are disrupted and
display low amplitude folds (10 cm) that are overturned to the west
(E, Fig. 5.10). At the second 'steepened' section (F, Fig. 5.10), the

upper metre of bottomsets is not disrupted but 40 cm of the upper strata



FIGURE 5.10.

Photolog of proximal part of exposure, east of figure 5.7, Lower Five Islands.
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are truncated at the up dip end (G, Fig. 5.10). Below this (H, Fig. 5.10)
the bottomsets are folded and contorted. The sand bottomsets that over-
lie the clayey bottomsets to the west pinchoutat this point.

East of this, the bottomsets rise gradually to a height of 5 m
above the base of the bank (Fig. 5.11). The upper 1 to 1.5 m of the
section are subhorizontally stratified (A, Fig. 5.11), but the lower
part is disrupted with folds and contortions in the beds (B, Fig. 5.11).
The disrupted interval ends abruptly against a deposit of poorly exposed
gravel that extends eastwards for 35 m. Although the gravel is foreset
gravel, it is discussed here because of its interrelationship with the
bottomsets. The contact between the gravel and the bottomsets was poorly
exposed but the bottomsets are contorted (C, Fig. 5.11) and the gravel is
not interbedded with the bottomsets at the contact. Most of the gravel is
massive but disoriented blocks of foreset beds (D, Fig. 5.11) are visible
in the upper part. The upper metre of uncontorted bottomsets laps up onto
the gravel (E, Fig. 5.11) thinning to about 0.5 m and becoming sandier
while doing so, until the bottomsets underlie the fluvial topset gravel.
Exposure is poor but the bottomsets appear to extend down the eastern side
of the deposit (F, Fig. 5.11), below the succeeding eastward dipping

foreset beds.

Distal

A long (60 m) section of bottomset beds, with up to 3 m of vertical
exposure, occurs in the distal part of the delta (Fig. 5.12). The
bottomsets appear immediately east of a talus covered notch and extend

from the base of the bank to the topset gravel, thereby eliminating the
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FIGURE 5.11. Photolog of proximal part of exposure, east of and adjacent to that of figure 5.10, Lower
Five Islands.
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FIGURE 5.12. Photolog of distal part of exposure, east of that in figure 5.11, Lower Five lIslands.
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foreset beds. West of the notch, there is no indication of bottomsets
and the foresets are exposed to 2 m below the topset/foreset contact.
The topset/bottomset contact (A, Fig. 5.12) is an angular unconformity
that is planar for all but a 5 m interval at the west end.

The bottomset section is composed of parallel laminated sand beds,
up to 20 cm thick, that dip shallowly (=35°) to the southeast. The
sands are generally fine to very fine grained but can be as coarse as
medium grained. Interstratified with the sand beds are red clayey sands
that are usually less than 1 cm thick (laminae) but can be up to 6 cm

thick. The distance between the red laminae varies but is usually

several centimetres to 10 cm. Some of the sand beds have long wave length

(18 to 25 cm), low amplitude (1.5 to 2 cm) ripples with rounded tops.
The ripples are fairly symmetrical with a continuous lamination and they
are interpreted as wave ripples (Reineck and Singh, 1975, p. 45).

There are several disturbed intervals, from 30 to 80 cm thick, in
the bottomsets. At the base of the intervals the bedding is disturbed
so that the stratification is irregular and uneven in thickness. Above
the base, the degree of disruption increases to the point where strata
are not recognizable.

One of the disturbed intervals occurs at the topset/bottomset con-
tact. At and west of the up dip end of the interval, topset gravel
extends 50 cm below the topset/bottomset contact (B, Fig. 5.12) and the
contact between the gravel and the disrupted sand is sharp (Fig. 5.13),
Stratification within the disrupted sand indicates vertical structures

that are not overturned either down orupdip. The disturbed interval,
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generally 50 to 60 cm thick, extends down into the bottomsets (C,
Fig. 5.12) until it is covered with talus at the bottom of the bank.

The bottomset beds end abruptly to the east where they are erosion-
ally overlain by foreset beds, dipping 20 to 25°SE (Fig. 5.14), that
continue to the end of the section. The foreset beds cut out 1.5 m of

bottomsets before flattening to about 5° and disappearing under the talus.

Interpretation

The bottomsets are only visible in several short sections along the
exposure and where they are exposed, the lower part is covered by talus.
The bottomsets extend well up the bank, ranging from about 4 m below the .
topset/foreset contact to the contact itself. Thus, where the bottom-
sets are exposed, the foresets prograded into rather shallow (4 m or
less) water. The build up of bottomsets indicates that the underlying
bedrock and/or till is relatively high.

The predominant component of the exposed bottomsets is sand, at
both the proximal and distal ends of the exposure. The presence of
clayey sand beds within the cleaner sands means that there were periods
of significant clay deposition as well. As the clay content of the
bottomsets is greater lower in the section, clay deposition was greater
farther from the foresets in deeper water.

The sudden appearance of the distal bottomsets to the east of a talus
covered notch and their abrupt termination where foreset beds overlap
them is problematical. The contact between the foreset and bottomset
beds is sharp and erosional (Fig. 5.14) but it seems unreasonable that

a thickness of 2 m of bottomset sand could be eroded and replaced by
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FIGURE 5.13. Sharp contact between topset gravel (left of trowel),
extending down into bottomset sand, and disturbed interval
(right of trowel). Darker sand (wetter) outlines vertical
structures in disturbed interval. Dark laminae within
sand are clay rich.

FIGURE 5.14. Foreset beds overlapping and truncating bottomset beds.
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foreset beds. There is no evidence of such strong current activity any-
where along the exposure. The abrupt termination of the bottomsets may
be tied in with the cause for such a build up of bottomsets.

The buildup of bottomsets to the height of the topset/foreset con-
tact probably indicates an underlying bedrock and/or till high. As was
mentioned previously, the thinness of the foreset beds wherever the
bottomsets are exposed implies an underlying 'basement' high. The base-
ment highs produced shallow water that was shallowed even further by
bottomset deposition. The eastern end of the bottomsets was undoubtedly
eroded but it probably coincides with a drop off in the underlying base-
ment so that only the periphery of the bottomsets, and not a complete

section, was eroded.

Structure

The disruption of the bottomsets in the proximal and distal sections
of the delta shows that the bottomsets were unstable and significant
amounts of movement occurred after they were deposited. The bottomsets
near the proximal end of the exposure, shown in figures 5.10 and 5.11
have been particularly disrupted, especially in the lTower part. It is
difficult to tell the direction of movement of the bottomsets but the
folding indicates a shortening in the east-west direction. The folded
bottomsets at H in figure 5.10 are overlain by unfolded sediments and
a core through this section would give the mistaken impression that the
folded sediments are overlain by undisturbed sediments. The unfolded
sediments have been uplifted and eroded on the up dip end. The unfolded/
folded sequence could be due to two generations of movements or to

relatively competent/incompetent sediments.
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The massive gravel to the east of the bottomsets (Fig. 5.11) does
contain some blocks of grave! with recognizable but disoriented foreset
bedding, but it appears that the gravel has slumped to the extent that
most of the bedding has been destroyed. Topset gravel is possibly
included in the slump. The beds in the lower part of the bottomsets
abut, but do not interfinger with, the slumped gravel. Therefore, the
bottomsets were deposited after, and not contemporaneously with, the
gravel.

However, the gravel may have slumped either before or after the
deposition of the lower bottomsets. If the slump was first, then the
foresets failed a second time after the bottomsets were deposited, for
the contact is disrupted. |[If the slump occurred after the lower bottom-
sets were deposited, it means that the delta advanced with a lobate
front as the foresets to the west of the bottomsets dip to the southeast.
The bottomsets were deposited between two lobes. In either case, after
the bottomset/foreset contact was disrupted (C, Fig. 5.11), the slumped
gravel was below the level of the water in the bay and the upper bottom-
sets (E, Fig. 5.11) were deposited right over the top of the slump and
down the other (east) side. The bottomsets on top of the slump are
slightly disturbed, indicating minor movement at a later stage.

The disrupted bottomsets in the distal section also show east-west
shortening, probably because of a down dip (eastward) movement. Failure
of the beds was along a well defined zone (C, Fig. 5.12) and the topset

gravel at the up dip end probably foundered when failure occurred



97.

Slumps have beén observed on the foreset slope of modern Gilbert
type deltas and have been interpreted as the cause of mounds in the
lower foreset zone at the base of the classical foresets (Fulton and
Pullen, 1969, p. 789; Gustavson, 1975b, p. 455). Gilbert (1975, p. 1710)
interprets a field of mounds at the base of the foresets as slumped
foreset sediment. Smith (1978, p. 747) also interprets mounds on the
lake floor as slumped sediment and cores from the mounds revealed both
disturbed and undisturbed laminations. However, it was previously
mentioned that uncontorted laminations could be mistaken for undisturbed
laminations. Delta foresets and nearby scree slopes are given as likely
sources of the slumps (Smith, 1978, p. 748). As well as the mounds,
Fulton and Pullen (1969, p. 789) interpret ridges in the bottomset zone
as pressure ridges forced up by the foreset beds.

Thus, sediment movement in the foreset and bottomset zones appears
to be common in Gilbert type deltas. Fulton and Pullen (1969, p. 790)
attribute sediment failure to overloading at the top of the foreset zone.
Gilbert (1975, p. 1709) suggests that the shear strength of the sediment
is below that required for stability on the lower slopes (2 to 8°) of
the Lillooet Delta. Gustavson (1975b, p. L55) gives several possible
reasons for failure, the first of which is sediment compaction and de-
watering of the delta sediments. Although the cause of the sediment
failure at Five Islands is not known, the author favours failure because
of underconsolidation (Gustavson's first possibility).

The bottomsets probably became overloaded (undercompacted) when the
foresets prograded over them and they reacted to this load by faulting or

flowage. Movement would have been generally towards the prodelta area,
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a zone of lesser pressure. This process is similar to, but on a much
smaller scale than, the overloading of prodelta clays at large deltas,
such as the Niger and Mississippi, where mass movement is towards the
offshore area (Elliott, 1978, p. 138). Failure in the bottomset beds

would disturb, and possibly cause a slump of, the overlying foreset beds.

Postglacial Emergence

The elevation of the topset/foreset contact decreases from the
proximal to the distal portion of the delta. At the proximal end, the
contact is 15 m above mean sea level and at the distal end, it is 12 m

above mean sea level.
EAST OF LOWER FIVE ISLANDS DELTA

Description

East of the mapped delta margin between North River and Shad Brook
is a thin postglacial deposit exposed in a 2 m bank along the shoreline.
The base of the deposit varies from about 30 cm to 1 m thick and con-
sists of flat lying red clay interstratified with silt and fine sand.
The clay beds are usually 1 to 3 cm thick and the silt/sand beds are
thinner. A sharp erosional contact separates the red unit from an over-
lying gravel unit. The contact is essentially horizontal except for a
short interval on the east end of the exposure where the clay unit thick-
ens to 1 m and the gravel thins from 1.5 to 1.0 m. The gravel is closed-
work and massive but occasional discontinuous sand beds impart a rough
horizontal stratification. The deposit does not extend inland and as

such is not a mappable unit.
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Interpretation

The upper gravel unit is similar in texture and structure to unit 3
of the topset beds at Five Islands and to the glaciofluvial gravel
exposed in the deposits to the east of Five Islands. The gravel is inter-
preted as glaciofluvial in origin. The clay/sand rhythmites below the
gravel are similar to bottomset beds exposed at deltas farther west in
the terrace. This unusual sequence will be discussed later in the

thesis when the model for the deposition of the terrace is proposed.

SEDIMENT INFILLED WEDGES, LOWER FIVE ISLANDS

Borns (1965, p. 1224) described ice wedge casts in the Minas terrace
and noted that the largest ice wedge casts were found at Lower Five
Islands. The identification of ice wedge casts is important because
ice wedges form only in areas of permafrost (Bloom, 1978, p. 354). As
formation of the outwash terrace requires large scale melting of glacial
ice, Borns (1965, p. 1225) felt that the ice wedge casts formed in a
cold spell following the deposition of the terrace and correlated the
cold spell with the Valders readvance of the classical sequence. There-
fore, Borns (1966, p. 53) and Swift and Borns (1967, p. 703) concluded
that the deposition of the terrace was complete by Valders time.

In the fall of 1975, two sediment filled wedges were exposed at
the distal end of the shoreline exposure of the delta at Lower Five
Islands (Fig. 5.15). By the summer of 1977, the wedges had disappeared
due to erosion of the bank. The wedges (3 m long x 2 m wide at top,

2.5 m long x 0.5 m wide at top) extended from the soil disturbed top

of the topset beds to 1.5 m and 1.0 m, respectively, into the foreset
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FIGURE 5.15. Sediment infilled wedges, distal part of exposure, Lower
Five Islands. Wedges widest at top and pinch out in
foresets.
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beds before pinching out. The wedges were composed of topset gravel that
was massive in the middle and vertically stratified along the sides.

Some of the beds adjacent to the wedges were downwarped while others

were undeformed. Borns' (1965, p. 1224) description and drawings of the
ice wedge casts show the same characteristics as the wedges described
above, including a vertical or near vertical stratification and the down-
warping of adjacent beds.

In a recent review, Black (1976) suggests that many ice wedge casts
have been misidentified. There are no unequivocal criteria for the
identification of ice wedge casts outside present permafrost regions
(Black, 1976, p. 11), so identification of these features must be
regarded as tentative rather than conclusive.

There are several features of the sediment wedges at Lower Five
Islands (including those described by Borns, 1965, p. 1224) that lend
doubt to their origin as ice wedges. Deformed beds adjacent to the
wedges are downwarped, whereas ice wedge casts typically have adjacent
strata that are upturned (Black, 1976, p. 11). Walters (1978, p. 50)
points out that seasonal frost crack wedges (no permafrost) typically
have downwarped strata along the contact. Black (1976, p. 12) suggests
that ice wedge casts should have a horizontal stratification whereas
vertical stratification or fabric is more common to tensional crack or
seasonal frost crack infills (Black, 1976, p. 18). However, Walters
(1978, p. 51) regards the stratification type as nondiagnostic.

Probably the largest source of doubt as to their origin as ice
wedge casts is the lack of polygonal structure. Borns (1965, p. 1224)

states that it was impossible to determine if the casts were parts of
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polygonal fracture systems. The sediment wedges observed by the author
were single wedges at least 100 m apart along the exposure. These wedges
were first observed in the fall of 1973 and they were single wedges then
as they were in 1975 after significant shoreline erosion (measured in
metres) had taken place. As shoreline erosion gives a three dimensional
view of the wedges, at some time the wedges should have been in pairs if
they were parf of a polygonal structure. The exceptions to this would

be at the initial and last edges of the polygon, but the three dimension-
al exposure makes these possibilities unlikely.

Walters (1978, p. 52) tentatively identifies sediment wedges in New
Jersey as ice wedge casts and the main criteria for doing so is the
associated polygonal pattern. The absence of such a pattern at Lower
Five Islands leaves reasonable doubt as to whether the sediment wedges
are ice wedge casts. Therefore, the existence of postdepositional perma-

frost is uncertain as is the correlation of the wedges with Valders time.

OVERVIEW

LOWER FIVE 1ISLANDS

The southeastward dip of the foreset beds, the slope of the upper
surface and the location of the delta indicate that the main discharge
of meltwater and sediment was out of the Harrington River valley. Dis-
charge from the North River valley was also probably important. The top-
set beds of the delta are similar in texture and structure, and therefore
in process, to the glaciofluvial gravel exposed to the east of Five
Islands. Streams proximal to the ice front were large (up to 20 m wide

and 2 m deep) and incised. Channel deposits with coarse gravel throughout
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suggest periods of overtopping of the channels and flooding of the upper
surface of the delta. Towards the distal part of the delta, the streams
fanned out into a braided pattern. Grain size of the gravel topset beds
decreases slightly in a distal direction while the foreset beds fine
from gravel to sand. The ice margin receded northward during the
deposition of the delta and released different rock types as it crossed
bedrock boundaries.

Swift and Borns (1967, p. 696) found molds of Portlandia glacialis
(synonym for Portlandia arctica, Wagner [1975]) in the delta at Lower
Five Islands. The environmental implications of this pelecypod will be
given in the discussion of the delta at Spencers Island.

The exposure at Lower Five Islands is the 'type' section for the
Five Islands Formation (Swift and Borns, 1967, p. 703). Unit 3 of the
topset beds appears to be equivalent to Swift and Borns' (1967, p. 700)
Saints Rest Member while units 1 and 2 are equivalent to their topset
beds. The stratigraphy of the Minas terrace, including the definition

of the Saints Rest Member, will be discussed in chapter 14,
FIVE ISLANDS

A large (=400 m x 150 m) irregularly shaped depression occurs just
north of the highway in the deposit at Five Islands. It is probably a
kettle that has had the west side eroded by the Bass River of Five
Islands. This indicates that large blocks of ice persisted in the out-
wash until after deposition on the upper surface had ceased.

The slope of the upper surface and location of the deposit imply

that meltwater was discharging out of the valleys of the East River and
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Bass River of Five lslands. Gravel exposed in the pit along the road to
New Britain is similar to unit 3 of the topset beds at Lower Five Islands
and is interpreted as glaciofluvial in origin. There are no good shore-
line exposures of the deposit but gravel exposed at the low bluff at

Sand Point is glaciofluvial in structure and texture. This seems unusual
because the topset/foreset contact is 4 m above the level of high tide
at the distal end of the delta at Lower Five Islands. However, the
deposit at Five Islands is relatively long (over 4.5 km) compared to the
length of the delta at Lower Five Islands (just over 2 km). As the
topset/foreset contact dropped 3 m in less than 1 km along the exposure
at Lower Five Islands, the topset/foreset contact may have dropped

below the present level of high tide at Sand Point.

It is known from the delta at Lower Five Islands that during the
initial stages of the formation of the Minas terrace in this area, the
sea was 12 to 15 m above the present sea level. Therefore, if bedrock
and/or till is below that elevation for part of the deposit, deltaic
deposition should have occurred. South of the highway the underlying
bedrock is probably below the level of high tide (=8 m) as estuaries
border the deposit on both sides. North of the highway the bedrock in
the river valleys rises, so there is less probability of deltaic sediments.
Conclusive proof of a strictly glaciofluvial or a glaciofluvial deltaic
origin can only be attained by exposure of the internal structure of thé
deposit. Based on the sea level data from the delta at Lower Five

Islands, the deposit is tentatively mapped as a delta.
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CHAPTER 6. MOOSE RIVER

SURFICIAL GEOLOGY

Moose River is a small community of several houses located approxi-
mately 7 km west of Lower Five Islands, 10 km east of Parrsboro and 2 km
north of the Minas Basin. The surficial geology consists of an outwash
plain at the site of the community and a very small outwash deposit at
the mouth of Moose Creek (Fig. 6.1). Swift and Borns (1967) do not
mention Moose River per se but they do map a deposit there (Swift and
Borns, 1967, p. 695). They do not use it for terrace elevations (p. 709)
so it is not known if they mapped the deposit as deltaic or glaciofluvial.

The inland outwash plain lies along, and on a bedrock low between
Moose Creek and Moose River, both of which flow over bedrock. From the
elevations of the rivers and the upper surface of the plain, it appears
that the maximum thickness of the outwash is about 10 m. Bedrock is
the Upper Carboniferous Parrsboro Formation, which also underlies the
small deposit at the mouth of Moose Creek. The plain reaches an elevation
of 33 m to the north and slopes down to 28 m in the south, while the
surrounding bedrock hills reach minimum elevations of 75 m. Bedrock
elevations rise rapidly at the Cobequid Fault to 225 m or more. The
upper surface of the outwash plain slopes seaward at approximately
6.0 m/km (Fig. 6.2). There are three terraces below the upper surface
adjacent to the Moose River and the first terrace has a seaward gradient
of roughly 6.0 m/km, the same as the upper surface.

The small shoreline deposit occurs on the east side of the mouth of

Moose Creek and rapidly thins out to the east against rising till, which
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also pinches out, and bedrock. No elevation was obtained for the upper

surface.

SEDIMENTOLOGY

Exposure in the inland outwash plain was limited to gravel pits and
these were not actively being used in the summer of 1977 so exposure was
poor. The most recent pit is on the east side of Moose Creek and the
upper 1.5 m was exposed in 1977. The gravel is closedwork with a crude
horizontal stratification.

The shoreline deposit was poorly exposed in the summer of 1977 as
talus extended well up the bank, but general observations could be made.
The upper 5 m of the deposit is closedwork gravel with a crude horizontal
stratification. Below this is 1 to 2 m of subhorizontally interbedded
sand and gravel while the lower part of the deposit is composed of sand

beds that dip from 10 to 25°S.

INTERPRETATION

The gravel exposed in the pit in the inland plain is similar in
structure and texture to the glaciofluvial gravel exposed to the east of
Moose River and accordingly, it is interpreted as a braided stream
deposit. As bedrock underlies the gravel at a shallow depth, there is
little chance of deltaic sediment occurring beneath the glaciofluvial
gravel.

The shoreline deposit, although very small, is deltaic in structure.
The upper coarse gravel beds are glaciofluvial in structure and texture

whereas the lower beds are finer in grain size and have foreset type
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bedding. The 1 to 2 m 'mixed' interval that occur< below definite topset
and above definite foreset beds has characteristics of both facies and
is thus difficult to interpret. This disorganization is probably the
result of the particular part of the delta that is exposed. The deposit
is virtually the last vestige of the proximal part of a delta and the
earliest deltaic sediments would be slightly chaotic, for slumping and
effects due to proximity to ice would disrupt the sedimentation. From
rates of shoreline retreat observed elsewhere along the Minas terrace
(in the order of metres per year), one wonders how long this deposit
will survive. The deltaic (foreset and bottomset) sediments may not
extend to the northern edge of the deposit so shoreline erosion may in

future leave only glaciofluvial sediments.

POSTGLACIAL EMERGENCE

The topset/foreset contact of the delta, placed as closely as
circumstances permitted, is 16 m above mean sea level. Due to the
location of the exposure (extreme proximal), there is some uncertainty

as to the accuracy of this contact.

DRAINAGE IN THE MOOSE RIVER AREA

The inland outwash plain is situated along and between two river
systems, Moose River and Moose Creek. The plain is the divide between
the two rivers but the elongation of the deposit towards the south and
the slope of the upper surface in the same direction implies discharge
from the Moose River across the divide into Moose Creek. Terraces adja-
cent to the Moose River preclude observing the slope of the upper surface

in that area.
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The bedrock low over which the outwash lies and the alignment of
Moose River north of the plain and Moose Creek south of the plain
suggest that Moose River originally flowed directly southward. An
eastern tributary of the West Moose River system probably captured the
Moose River and diverted it westward to join the West Moose River. Moose
Creek, formerly a tributary of the Moose River, is now the sole occupant
of the valley eroded by the Moose River. River capture took place some
time before the last glaciation as the elevation of the bedrock where

Moose River flows westward (13 m) is much lower than the bedrock to the

“east over which Moose Creek flows (24 m).

OVERVIEW

Meltwater discharge deposited an inland outwash plain that covers
a bedrock low between the Moose River and Moose Creek valleys. Some of
the meltwater followed the original course of the Moose River and crossed
the bedrock low to flow out of Moose Creek where a delta was deposited.
The remaining meltwater probably flowed out of Moose River but if a delta
was deposited there, erosion has completely removed it as well as almost
all of the Moose Creek delta. After the upper surface of the outwash
plain was deposited, stream flow from Moose River into Moose Creek was
halted and the Moose River assumed its present course.

The structure and texture of the glaciofluvial sediments indicates
a similar depositional process to that of other glaciofluvial sediments
to the east. Relatively shallow, rapidly shifting braided streams laid

down coarse gravel with lower flows depositing a sand matrix. The
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deltaic sediments are poorly exposed but the foreset facies is composed

of sand while the topset facies is composed of gravel.
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CHAPTER 7. PARRSBORO

SURFICIAL GEOLOGY

Parrsboro is located in the western half of the north shore of the
Minas Basin, about 80 km west of Truro and 40 km east of Advocate
Harbour at the west end of the Minas Basin. However, it is centrally
located within the deltas of the Minas terrace, being about 40 km from
Advocate Harbour to the west and from Economy to the east.

The surficial geology at Parrsboro comprises one of the largest
deltas in the outwash terrace (up to 6 km long and 6 km wide), shown on
map D in the map pocket at the back of the thesis. The main delta forms
a broad flat plain that lies between the Cobequid Fault and the Parrsboro
Harbour. In the Parrsboro Gap, the delta extends approximately 2 km
north of the fault on the west side of the valley and almost that far on
the east side. It terminates where the Parrsboro Gap narrows to a
width of roughly 0.3 km between the 150 foot (46 m) contours on the
1:50,000 N.T.S. map 21 H/8.

South of the Cobequid Fault, the underlying bedrock is the Upper
Carboniferous Parrsboro Formation. North of the fault on the west side
of the valley the deltaic sediments overlie a thin strip of Silurian to
Devonian Portapique-Parrsboro Succession and north of that, the Silurian(?)
Advocate Succession. On the east side of the valley north of the fault
it overlies the Portapique-Parrsboro Succession.

The central part of the delta reaches an elevation of 39 m at the
Cobequid Fault and inland along the Parrsboro River it rises to 46 m

(Fig. 7.1). On the west side of the Parrsboro River, the fault line
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scarp attains elevations of 90 m or more and bedrock is hilly to the
north while on the east side of the river, a high plateau (225 m) lies
immediately north of the fault. Along the westernmost part of the delta,
the delta thins out over a bedrock lTowland below 30 m in elevation and
here the margin of the delta is conjectural. South of this the Parrsboro
Formation is hilly, reaching elevations of over 100 m, and the south-
western limit of the delta is constricted.

Hills of the Parrsboro Formation also border and indent the eastern
margin of the delta, especially to the south, resulting in an overall
narrowing of the delta towards Parrsboro Harbour. The delta extends
out into the valley of the East Parrsboro River and is roughly 15 m above
the valley floor. South of this the delta margin follows the Parrsboro
River but crosses the river at Newton Brook. Between Newton Brook and
the East Parrsboro River, bedrock reaches over 60 m in elevation. South
of Newton Brook the bedrock is lower, reaching 50 m, and the delta widens
slightly at the Minas Basin shoreline. Two small deposits of the delta
occur on the west side of the Parrsboro Harbour, one at Salter Brook and
the other at an unnamed brook between Salter and Farrell Brooks.

The upper surface of the delta slopes seaward but also towards the
west and the east away from the higher central portion. It attains an
elevation of 46 m on its proximal end and slopes down to an elevation of
20 m north of the estuary and 12 m east of the estuary, if that surface
is the upper surface. The seaward gradient of the upper surface (Figs.

7.2, 7.3) is roughly 5.0 m/km.
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