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Abstract

Recent studles (Ives 1978) have suggested that a
re-evaluation of the earlier theories of the maximum extent
of late-glaclal ice in eastern Canada 1s necessary. The
late-Wisconslinan glaciation of Newfoundland has been the
subjJect of much speculation and debate but with recent
field-work primarily centred along the west coast of the

island and the Burin Peninsula.

The maximum limit of the late-Wisconsinan ice on the
Avalon Penlnsula, Newfoundland,is uncertain. Divergent
oplnions have been expressed 1n the literature by Henderson
(1972) and Grant (1977a) as to whether glacial 1ce covered
the northern extremity of the St. John's Peninsula (Flgure
1.1 p. 15). The objective of the research was to clarify
its position by establishing a minimum date for deglaciation,

absolute or relative.

The geomorphology of the study area suggests that two
recognlzably different glacial landscapes exlist north and
south of Pouch Cove. Two subglacial tills are exposed by a
quarry to the north of "Birch Hill's Pond". In the south-

east of the study area a group of well defined meltwater
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channels suggest that meltwater drained eastward from an
ice margin within a trough to the west. However the presently
avallable evidence does not suggest whether or not these
observations are a product of different glaclations or reflect

the oscillations of an ice margin during the last glaciation.

The lowest portions of three cores, one from "Birch
Hill's Pond" and two from Northeast Pond, were subjected to
palynological analysis and the basal organic sediments were
submitted for radlocarbon dating. The pollen assemblages
indicate changes in the regional vegetation during the early
Holocene. Initial assemblages (8500 BP) suggest a shrub-
sedge tundra vegetation which gave to a shrub tundra by
8300 BP, succeed in turn by boreal Qoodland similar in com-
position to that found in the area today. None of the basal
pollen assemblages resemble the spectra collected by Pennington
(1977) from recently deglaciated terrain, or a basal assem-
blage dated 9270 BP from near St. John's (Lowdon and Blake
1978; Macpherson 1980). The basal dates recorded in
this study are therefore minimum dates for deglaciation,

and appear too young to date ice retreat.

Evidence from glacial landforms and till analysis is
also inconclusive. The results of this study nelther con-
firm nor refute the "maximum" glacial hypothesis of
Henderson (1972) or the "minimum" glacial hypothesis of

Grant (1977a). It may be stated with certainty, however,

dii



that the northern extremity of the St. John's Peninsula

was free of glacial ice some time before 8500 BP.
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Chapter 1

-1 Introduction.

Aspects of the Pleistocene glaciations of Newfoundland
have been discussed since 1843 (Jukes) and from then the
extent and form of the land ice has been the subject of much
debate. Initlally the Pleistocene of North America was
generally regarded as an undivided period of continental
glaciation. By the 1880s evidence was found suggesting that
there had in fact been several periods of glacial expansion
and also times, now known as interglacials, when the climate
in the Pleistocene had been as warm or warmer than today and
there had been a reduction in size or a complete disappear-
ance of continental ice in temperate latitudes. The readvance
of ice following the final Interglacial was called the
Wisconsin Glaciation. More recently it has become apparent
that this cold period can be divided into a seriles of stadials
and interstadials relating to the major advances and retreats
of ice on land during this period. In this thesis the term
"late-Wisconsinan"™ will refer solelyto the last expansion of
ice recognized in Newfoundland. The term Wisconsinan will refer
fo the whole period post-dating the Sangamon Interglacial up
to the beginning of the Holocene, about 10,000 BP (Hedberg,
ET2) .



Recent work has centred upon the Wisconsinan glaciations
of the 1sland since 1t 1s generally believed that much of the
erosional and deposlitional evidence of glacial and proglacial
conditions relates to these events. Grant (1976, 1977a, 1977b)
and Brookes (1977, 1979) from evidence gained primarily from
the west coast of Newfoundland, have suggested that the late-
Wisconsinan maximum was of limited extent, in that many high-
land areas were probably not covered by ice during this period
and in several areas glaclal ice most likely falled to reach
the coast. Grant has produced two versions of a map (1976:

p 290; 1977a : p 252) showing that the tips of the Avalon
Peninsula lay beyond the late-Wisconsinan ice margin. By
contrast, Henderson (1972), Vanderveer (1975) and Alam and
Piper (1977) are of the view that the last ice was not of

such limited extent and extended to at least the present coast
of the Avalon Peninsula. It was the intention of the present
research to find evidence on the northern tip of the St. John's

Peninsula relating to the l1limit of late ice.

At several localitles on the island there 1s evidence
of a readvance or pause 1in the ice retreat ascribed to a
climatic deterioration following the initial deglaciation,
(Grant 1969a, 1969b; Brookes 1970, 1971, 1975; Rogerson and
Tucker 1972; Eyles 1977 and Tucker 1979). Research on the
northeastern promontory of the Avalon Peninsula would also
allow the hypothesls of a late-glacial oscillation to be

tested in this locality.



The aim of the research was therefore to establish a
echronology for the final deglaclation of the northern tip of
the St. John's Peninsula. The methodology followed involved
the radiocarbon dating and pollen analysis of basal lake sedi-
ments from two ponds and an analyslis of the gross morphology
of the study area. It was hoped from this that the minimum
date for deglaciation could be obtained and also that any

oscillation in the retreat of the last ice could be identifiled.

1.2 Previous work.

a. Purpose of the literature survey.

In order to relate the present research to other work on
the glaclal chronology of Newfoundland a brief review of the
literature 1s necessary. Emphasis willl be placed upon the
evidence advanced in the recent literature 1in support of what
may be termed the "minimum" and "maximum" viewpoints of the
late-Wisconsinan ice advance on the Avalon Peninsula and 1in
particular that of the St. John's Peninsula. Extensilve
reviews of the literature pertaining to the historical
progress of glaclal studies in Newfoundland have been under-
taken by Tucker (1976) and Brookes (1977) while Ives (1978)
has reviewed work along the east coast of Canada and there-
fore gives a broader perspective to ideas prevalent 1n past

glaclal studies.



b. Early studies in Newfoundland.

il

During the nlneteenth century studies 1n Newfoundland
were largely concerned with investigation into and defence
of the applicability of the hypothesls of former continental
glaclation (Jukes 1843, Kerr 1870, Milne 1876, Murray 1883
and Wright 1895). Glaclal studles entered a second phase
at the end of the nineteenth century with Chamberlin's
work on the Avalon Peninsula (1895). Hils studles were not
motivated by a deslre to defend the principle of continental
glaclation but rather to examlne the morphology and dis-
tributlon of glaclally related features, which he in turn

used to infer the former distribution of local glacilers.

c. "Minlmum" Wisconsinan glaciatilon.

The flrst general hypothesls to emerge from twentleth
century research suggested that durlng the last glacilation
Newfoundland had supported an ice cap of insufficlient thick-
ness to over-top certain coastal summlts, notably along the
southern Long Range Mountains. Coleman's (1926, 1930)
lnvestigatlions provided geomorphic evidence 1n support of
thls hypothesis. The botanical investigations of Fernald
(1925, 1930), concerned with plant refugia on the Long
Range Mountains and the investigations of marine features
by Fairchild (1918) supported the conclusions of Coleman,
as with certain reservations did Daly's observations on
crustal warping (1921). Despite difficulties of access

Coleman made studles of the southern Long Range Mountains



as far north as Gros Morne, and also of central Newfoundland

from along the rallway track and the Avalon Peninsula in the

vicinity of St. John's. Hils conclusions were based primarily
on three types of evidence which were and remain the focus

of much debate on the 1sland'!'s glacial history: distribution
and direction of striae, distributlion of erratics and differ-

ential weathering.

Observations of striae across the island led him to
confirm Bell's (1884) earlier observation that "glaciation
appears to have been from the centre towards the sea on all
sides," (Coleman, 1926: p. 37). His studies on the Avalon
Peninsula confirmed his opinion that the Pleistocene glacia-
tion had been in two stages. He suggested from his island-
wide observations that during an early Pleistocene glaciation
an ice cap had extended over the whole island (apart from
the southern Long Range Mountains) and was followed by
deglaciation and a period of intensive weathering which
preceded the development of local ice sheets and ice caps.
This second expansion of ice during the Wisconsinan failed
to form a complete island ice cap although ice flow was

again coastward.

The intensively weathered summits of the southern Long
Range Mountalns and their apparent lack of erratics and
striae convinced Coleman that they had never been glaciated.

He recognlzed well weathered erratics on summits further



north along the Long Range Mountains and also on the summits
of some hills on the Avalon Peninsula, (Butter Pot 7 km from
Fermeuse and the Hawke Hills 32.5 km southwest of St. John's).
These he suggested had been glaclated once during a glacilation
more anclent than the Wisconslinan. Other areas appeared to
have less modifled erratics and striations which he suggested
were the result of the extenslion of Wisconsinan ice. His
conclusion that 1less than half of the island had been covered
during the Wisconsinan glaciation, 1s the first statement of

the "minimum" Wisconsinan theory.

Investigations 1nto postglacial isostatic warpling over
eastern North America by DeGeer (1892), Fairchild (1918), and
Daly (1921) provided additional support for the theory of an
1ce dome over Newfoundland. However Daly felt the primary
influence on 1soséatic warplng in the area had been the

Laurentide 1ce sheet.

Botanical evidence, provided by Fernald's studies (1925,
1930), supported the hypothesils of 1ce free areas. Summits
of the Long Range Mountains appeared to contain a restricted
relic Cordilleran flora which Fernald suggested demonstrated
its antiquity by the high incldence of endemism and the
localization of specles. Such plant assemblages could only
have survived had the habitats remained free of 1ice during
the Pleistocene. Subsequent inability to colonize other areas
following deglaciation was seen as a product of the long

1solation and stability of the vegetation stock.



d. "Maximum" Wisconsinan glaciation.

All lines of evidence used to support the "minimum"
hypothesls were belng re-evaluated by 1940. The workers most
responsible for the re-evaluation and later rejection of the
former hypothesis were Wynne-Edwards (1937), Flint (1940),
Twenhofel and MacClintock (1940) and MacClintock and

Twenhofel (1940).

Flint's (1940) examination of the marine features of
western Newfoundland led him to conclude that crustal warping
was the result of the invasion of at least western Newfoundland
by Laurentide ice flowlng from the northwest, and that local
Newfoundland glaciers were not massive enough to interfere
seriously with the regional crustal influence of the Laurentide
ice. The rise in elevation of marine features toward the
northwest of the island appeared to be in conflict with the
radial glacial flow indicated by striae. Flint suggested a
hypothesis by which both sources of evidence were reconciled,
"that the Labrador ice sheet invaded part or all of Newfoundland
in Wisconsin time and that, as the ice sheet shrank, local
snowfall on the Newfoundland plateau maintained an independent
glacier mass which flowed radially outward and persisted after
the Cabot Strait and parts of the Gulf of St. Lawrence had
been deglaciated," (1940: p. 1761-2). Hence once the
Laurentide ice had withdrawn the island's ice took up a radial

flow, as recorded by numerous striations.



Fernald's and Coleman's observation sites, as well as
additional sites to the north along the Northern Peninsula
and in the interior of the i1sland, were vislted by MacClintock
and Twenhofel 1n 1939. They disputed Coleman's claim that
some areas of Newfoundland had not been glaclated and reported
"convinecing evidence of very recent and complete glaciation
of each reglon studled," (Twenhofel and Mac Clintock 1940:
p. 1668). They suggested that the island had been 1nvaded
by "Labrador ice during an early phase of Wisconsin glacla-
tion". During a late phase Newfoundland had supported a local
ice cap which extended beyond the present shoreline and durilng
some phase of 1ce retreat a subsidiary ice cap covered the
Avalon Peninsula. Prelimlinary retreat of the ice margin to
within the present coastline was followed by a slight readvance
in the Bay St. George area and 1n some parts of the Northern
Peninsula. Final deglaclation was preceded by the shrinkage
of the 1ce sheet into separate 1lce caps and valley glacilers,

(MacClintock and Twenhofel, 1940: p. 1755-1756).

Wynne-Edwards (1937) disputed the botanical evidence
offered by Fernald. He suggested that the primary control
on the location of the Cordlilleran flora was geology,
since they had a marked preference for certaln solls. He
offered an alternative explanation for all the attributes

imputed by Fernald to the "rellet" flora.



By the time Flint suggested a mechanism for the growth
of ice sheets (1943) the "maximum" hypothesis of the Laurentide
ice sheet's invasion of Newfoundland had gained general

acceptance.

e. Recent work: excluding the Avalon Penlnsula.

Since the 1960s evidence has accumulated which suggests
there 1s a need for a re-evaluation of the earlier theories
of Coleman and Daly. Much of the impetus for such a project
for Newfoundland has come from fileld-work on the west coast

by Grant and Brookes.

Grant (1969a, 1969b, 1972, 1973, 1974, 1975, 1976, 1977a,
1977b) provides evidence for a restricted late-Wisconsinan glac-
iation of Newfoundland and the Maritime Provinces. Hls map of the
Inferred 1limit of late-Wisconsinan glaclers 1n this area
(1977a) fails to support Coleman's contention that over half
the 1sland remained 1ice free, but does suggest that substantlal
areas lay beyond the lce margln as coastal nunataks: coastal
enclaves along the west and northeastern coast, the Buriln
Peninsula and the extremities of the Avalon Penlnsula, or as

interior nunataks: the Buchans plateau and the Topsail Hillls,

(19778%20% 2520

Grant rellies heavily on field-work on the west coast
and the Burin Peninsula, and extrapolates his theories to the
whole island uslng air-photo coverage. The delimitation of

the proposed late-Wisconsinan ice in hils fileld areas is based



on the mapping of morphological features such as moraines,

marine features, meltwater channels, differential weathering
zones and stratigraphic exposures. Although Grant had noted
evidence of several ice advances (1969a, 1969b, 1972, 1974, 1975)
it was not until 1977 he suggested thelr possible correlation
with features elsewhere in eastern Canada and thelr possible

chronostratigraphic status.

Three weathering zones were recognized in the Long Range
Mountalns and he suggested that the lowest Zone C correlated
with the late expansion of glacier 1ce as similarly recorded
in the Saglek zone of the Torngats of northern Labrador
(Ives, 1976) and Zone III of Baffin Island (Boyer and Pheasant,
1974). Grant'thereby discarded hils former interpretation that
the features 1in his Zone C correlated with a phase of deglacia-
tion when local ice predominated following the wilthdrawal of

the Laurentide ice (i.e. Grant 1969a).

The work of Brookes (1969, 1970, 1975, 1977, 1979) has
generally supported Grant's conclusions and extended the
findings to the southwest of Newfoundland. Minimum dates for
the initial retreat of coastal ice have been obtained from
the southwest (GSC -~ 2113: 13800 * 260 BP) as well as dates
for the readvance of ice 1n the region, (GSC - 868: 12600 %
270 BP).

It has been suggested (Grant, 1977a) that the island's

last ice sheet possibly consisted of several ice domes which

10



were 1ndependent of the Laurentide ice sheet. This reflects
a modification of Grant's earlier (1974) shrinking multiple
ice caps theory. He originally envisaged the separation of
an 1lsland lce-sheet 1into at least fifteen dispersal centres
during the dlsappearance of glacial ice from Newfoundland.
If Grant's correlation of the Zone C with the last expansion
of ice 1s accepted, 1t follows that during that episode ice
only partially covered the 1sland. The ice sheet varied
locally in thickness with ice flow controlled largely by the
underlying topography but with an overall movement outward
to the coast. It 1s suggested that this period may (if
correctly identified) correlate with the activity of the

dispersal centres previously recognized by Grant in 1974.

Jenness (1960) and Lundqvist (1965) accepted Flint's
hypothesis of the extent of the last ice. However a re-
appralsal of the evidence they present shows them 1n
retrospect to offer support to Grant's restricted ice
hypothesis. For 1instance, Jenness 1ldentified in the eastern
part of the main island an inner and outer drift zone which
he suggested related to the deglaciation of the coastal areaj;
the outer drift zone being the land uncovered when the 1ice
front stabilized for a period further inland during de-
glaclation. If Grant's analysis of the weathering zones
along the west coast 1s accepted then Jenness' drift zones may

perhaps be interpreted as features produced by the differing

11



extent of former glaclations. He also recognlized two direc-
tions of 1ce flow within his study area; one where ice
invaded from the west and the other from the south. These
may also record two glaciations when the directlion of ice

flow varied.

During Lundqvist's study of the northeastern coastal
area of Newfoundland around Notre Dame Bay he found sets of
crossed strlae. Many of these he attrlibuted to the lncreasing
importance of local topography during a late phase of glacia-
tion, while an ice cap was centred over the Long Range
Mountains and the Topsails Plateau: a view countered by
Grant's interpretation (1977a) eof the Plateau as a nunatak.
Iundgvist could not so iInterpret occaslional striatlions
orientated southeastward. He therefore tentatively assigned
them to invading Laurentide ice and cited as support the
1960 work of Jenness and MacClintock and Twenhofel (1940),
but as Brookes (1970) points out found no unassailable

evidence of invasion by Laurentide ice in his own study.

More recently Tucker (1979) has supported Grant's (1975)
interpretation of limited 1lce 1n the Burin Peninsula area.
Tucker concluded that the main body of late-Wisconsinan
ice did not advance south or east of the Terrenceville-Swift
Current area, and was influenced in its flow by the under-

lying topography.
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£. Evidence of readvance and a cold period followlng the

initial retreat of the last ice from the main part of

Newfoundland.

Grant (1969a) reported a moraine at Ten Mile Lake,
Northern Peninsula which he suggested marked the culmlnation
of a readvance. A maximum age of 10,900 BP (GSC - 1277)

was assigned to this event.

Investigations by Brookes (1969, 1970, 1971, 1975, 1977)
into the glaclation of southwestern Newfoundland revealed
evidence of a readvance of glacler ice by 12600 * 170 (GSC
- 868) the event being recorded notably in the long-known
cliff exposure at Robinson's Head, St. George's Bay. Brookes
(1971) reported the presence of fossil ice wedges in western
Newfoundland formed in "marine sediments deposited 1n close
temporal association with an active ice front", (1971: p. 121),
subsequent to initial deglaclation of the coast at St. David's
and York Harbour between 12500 and 11500 BP. He suggests that
the ice-wedge casts probably developed within 1000 years of
when sedliments were flrst elevated. The 1lce-wedges are
formed in marine sediments and beach gravels, respectively,
and date from a period of active permafrost subsequent to
the regional deglaciétion of the west coast of

Newfoundland.

Eyles (1977) also records a cold period which he very

tentatively brackets between 12,000 and 10,000 years ago,
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as there 1s no radiometric dating control. He assigns his
identified ige-wedge casts to this age span on the basis of

a possible correlation with a similar period identified in
Cape Breton by Livingstone and Livingstone (1958), Livingstone
(1968) and in northern Nova Scotla by Borns (1965). Tucker
(1979) reports evidence of permafrost activity on glacio-

marine deltas subsequent to the deglacliation of the Burin

Peninsula.

1.3 The Avalon Peninsula.

Little recent work has been done on the final Wisconsinan
glaciation of the Avalon Peninsula. A conflict of opinion as
to the extent of the ice exists: Henderson (1972) suggests
that the last 1ce extended beyond the present coastline
whilst Grant (1976, 1977a) suggests that the ice was more
restricted and failed to cover the extremities of the
Avalon Peninsula. Vanderveer (1975) produced a map of sur-
ficial deposits and landforms of the St. John's Peninsula
which can be interpreted as showling a regional distribution
on the northern portion of the St. John's Peninsula which
might relate to different ice expansions. The glacial l1limits
suggested by Henderson, Grant and by an interpretation of
Vanderveer'Smap for the St. John's Peninsula are shown 1in

Figure 1.1.

Implicit in Henderson's description of the glacial

features of the Avalon Penlinsula 1s hils bellef in a single
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Wisconslinan event. It 1s unclear whether he means to imply
only the final Wisconslnan expansion or whether he views the
Wisconslinan period as a continual glaciatlon. He suggests
(following Chamberlain 1895, Summers 1949) that during this
period the Avalon Penlinsula developed a separate and vigorous
ice cap, whose radlal outflow domlnated all the peninsula
except the northern extremities which maintalned thin local

coverings of theilr own.

He postulates that the 1nitial bulldup of the ice
occurred on the hills surrounding St. Mary's Bay. Subse-
quently ice moved east and west off the Trepassey and
Placentia peninsulas to invade St. Mary's Bay. According
to the "maximum" viewpoint of Henderson, outflow from St.
Mary's Bay was at thls time blocked by 1ice dralning east
from the St. Lawrence lowlands and the rest of Newfoundland
via the Cabot Stralt. In consequence the ice 1n St. Mary's
Bay continued to rise until 1t assumed radial flow, and
then thils ice-dome domlnated most of the Avalon Penlnsula
and the surrounding continental shelf. At 1ts maximum, the
1ce drained through Trinity and Conception bays with sufficient
escapling to prevent the maln ice centre from advancing far
along the central axls of the St. John's or Carbonear
peninsulas. Preliminary pollen analyslis of sediments from
Bell Island leads Macpherson (pers. comm,) to suggest that
this island 1n Conception Bay was glaclated durling the last

period of 1ice expansionj perhaps overridden by the 1ice
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draining from the ﬁain ice cap through this bay. Henderson
suggests that the St. John's and Carbonear peninsulas were
covered by local ice which was confluent with the main ice
cap and "extended along theilr central ridges to their
northern tips," (1972: p. 21). The local ice drained at

right angles from thelr central ridges.

Henderson therefore maintalins that the whole of the
St. John's Peninsula was covered by glaclal ice although
he does suggest that generally glacial erosion on the

northern peninsulas was feeble, except along the coast. As

the ice cover was thin the direction of ice flow was generally

determined by the underlying topography.

Henderson suggests that deglaciation began by a ces-
satlon of ice flow from the main ice centre draining through
the bays of Conception and Trinity. If the 1lce blocking
the Cabot Strait thinned, ice would have been able to escape
south from St. Mary's Bay. The thinned lce-dome moved then
from the head of St. Mary's Bay to the Trepassey Peninsula.
Ice retreated first from coastal areas with the reduced
flow concentrated into ice tongues extending seaward down
major valleys probably to beyond the general ice margin.

Henderson suggests from the distribution of supposed

recessional moralnes in the central Avalon, and the St. John's

and Carbonear Peninsulas that deglaciation of the Avalon

Peninsula was punctuated by pauses and slight advances.
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Henderson's theory 1s largely based on the inter-
pretation of the surficial deposits and glacial landforms
of the Avalon Peninsula. Some of his interpretations have
been questioned: notably by Rogerson and Tucker (1972).
These writers maintain that the parallel moraines of the
central Avalon Peninsula are not the ice marginal features
known as Cross Valley moraines alluded to by Henderson but
are more probably the subglacially formed Rogen or Ribbed
moraines. If one accepts this identification then their
distribution cannot be used to infer the position of a
former ice margln since they are not marginal features and
are more likely to be formed during the active dis-
persal of 1lce. Rogerson and Tucker further suggest that
it 1s more likely that the residual ice retreated to areas
of high elevation, such as the Hawke Hills where a topo-

graphy reminliscent of 1lce stagnatlion exists.

A report of evidence of an ice advance after the initial
deglaciation of the coast near St. Stephen's, southwest
coast of the Trepassey Peninsula, 1s made by Rogerson and
Tucker in 1972. However Eyles and Slatt (1977) have
re-evaluated thils sequence in light of Boulton's(1972)
theoretical work based on the evidence from Splitsbergen
glaclers. They conclude that the sequence represents a
tripartite till similar to those now being formed by these
Subpolar glaclers. If such an interpretation is correct
i1t leads to the suggestion that the Avalon Peninsula's ice

cap complex was 1n part subpolar . As yet there 1s 1little
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evidence to support this and‘Sugden's 1977 review of the
Laurentide maximum suggested that the Avalon Peninsula was
covered by warm melting ice although on theoretical grounds
he does suggest that the Long Range Mountains may have been

capped by cold based ice.

Support for a more extensive Avalon ice complex has
come from analysls of ocean sediments off the Grand Banks,
(Alam and Piper. 1977). Although sedimentation in their
study area has been primarily affected by conditions on
the Grand Banks and in the Laurentide Channel, Alam and
Plper suggest that the sedliments also contaln evidence of
terrestrial glaclations. During the late-Wisconsinan
glaclation much of the Grand Banks would have been exposed
as land i1f sea-level fell the suggested 115 m (Alam and
Piper 1977). Thelr seamount cores reveal that the pre-
cipitation durlng thils period was dominated by sediments
supplied from the Laurentide Channel; Piper and Slatt (1977)
discuss the probable origin of these ocean sediments. If
ice on Newfoundland has been restricted then the Avalon Channel
would have supplied sediment from the island while the
Labrador Current advected sedliment westward. However, if
the Avalon Channel were blocked by 1ce and the Grand Banks
- emergent, the Labrador Current would be forced east away
from the seamount area. From the deposition of reddish
muddy foram-nanno ooze with the red mud originating from the

Carboniferous and Triassic redbeds of the Maritime Province
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and the Gulf of St. Lawrence, they conclude that the Avalon
Channel was either blocked by ice or that sea-level was so
jow as to block the Labrador Current from this region. Alam
and Piper (1977) favour the former interpretation and there-
fore the "maximum" hypothesis in thelir model of Pleistocene

sedimentation on the seamounts.

Vanderveer (1975) mapped the surficial deposits of the
St. John's area primarily from airphoto interpretation. He
accepted Henderson's (1972) theory on the l1limit of late-
Wisconsinan ice and was primarily concerned with classifyling
and mapping surficial deposits as sources of aggregates for
local industry. However his 1975 map suggests that there 1is
a marked regional variation in deposits in the north of

vt . John's Peningizilas

Studies on the final deglaciation of the Avalon Peninsula
are belng carried out by Macpherson. Results from the Hawke
Hills region suggest the Avalon was completely ice free

before 8500 BP (Macpherson 1980).

1.4 The present study.

a. Reasons for the cholce of the study area.

The St. John's Peninsula was chosen as the site for
further investigations into the extent of last 1ce due to

its ambiguous position in previous works.
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It 1s suggested by Grant (1977a) that the northern
extremity of the peninsula lay beyond the late-Wisconsinan
margin. Also Vanderveer's(i975) surficlal geology map
suggests a broad change 1n the type and distribution of
surficial deposits north and south of the "Bauline-Pouch
Cove trough". However, Henderson's (1972) reconstruction
suggests that the area was completely covered by a thin local
ice sheet which was confluent with a major 1ice centre to the
south. The argument for extensive glaciation has been
supported by the work on oceanic sediments by Piper and

Siatt (1977).

Henderson (1972: p. 67) describes two stony moraines
south of Pouch Cove. These he considers to mark still stands

or slight advances during the last deglaciation of the coast.

In either case the northern part of the St. John's
Peninsula contrasts with the main body: - either it was not
glacliated in the last expansion of ice or if it was, then
1t was ice free earlier. Therefore possible evidence of
late-Wisconsinan or of the early post-glaclial environment
should be present 1n lake sediments dating from the final

deglaciation of the area, whenever that occurred.

b. Aim of the study and cholice of methodology.

The main thrust of the study was to examine the evidence
for the existence of late Wisconsinan ice on the northern ex-

tremity of the St. John's Peninsula. It was proposed that
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two main tools would be employed: pollen analysis and radio-
carbon dating, the former as a relative dating tool and also
an indicator of gross environmental conditions, the latter

to provide a minimum date for site deglaciation. Basal lake
sediments would be used for the analyses since 1f a lake
remained outslde the ice margin it would likely contain a
sedimentary sequence pre-dating the glaclation of the adjacent
area. Had the last glacial ice advanced across the site

then it 1s lilkely that any previously deposlited sediments
would be disturbed, distorted or removed. The basal organic
material, dated using radiocarbon,would provide a minimum date
for deglacliation while the pollen analysis would allow study

of any stratigraphically older minerogenlic sediment.

Other workers (notably Grant and Brookes in Newfoundland)
have used differential weathering to delimit the extent of
former ice expansions. This 1s most successfully applied
where two conditlions exist: uniform lithology and a large
range in altitude over a comparatively short horizontal
distance. As wlll be described in Chapter Two the solid
geology of the area 1s complex both structurally and litho-
logically and the range in elevation 1is under 274 m. Also
the identification of weathering zones carries the 1mplicit
assumption that weatherlng processes are uniformly active
over the whole exposed area. Within the present study area
no such realistic assumption can be made. For instance the

effectiveness of weathering in the study area may vary
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according to the proximity to the sea or with the incidence
of raplid heating of surface rock in the course of repeated

vegetation fires.

A reconnaissance survey was made of some possible sites
put this method of delimiting the last 1ce was rejected as
the results were likely to be inconclusive as there are too
many factors complicating weathering rates in the region.
Tucker in his Burin Peninsula study (1979) demonstrates the
unsatisfactory and inconclusive nature of weathering studies

which lack sultable conditions.

It was proposed to obtain sediment cores from two ponds:
Pouch Cove Northeast Pond (in future referred to as North-
east Pond 1in the text) and "Birch Hill's Pond" (which is
an unofficial local name). From the basal sediments radio-
carbon ages, pollen profiles and stratigraphic descriptions
would be made and used to determine the early sedimentological/
environmental histories of these ponds. Northeast Pond was
chosen as a site since i1t was the most northerly accessible
pond on the St. John's Peninsula and seemed likely to have
accumulated more sediment than adjacent ponds, where explora-
tory probing had indicated shallow sediment. "Birch Hill's
Pond" was sampled because it was believed to be a moraine-
dammed lake, lying behind what is believed to be one of the
features recognized by Henderson (1972) as an end moraine.

If this interpretation was correct it had the potential to

provide a minimum date for deglacliation of the area.
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Both ponds lie north of Grant's (1977a) 1limit and if
his hypotheslis of a restricted ice cover 1s correct both
ponds have the potential to contalin sediments deposited during
the late-Wisconsinan. "Birch Hill's Pond" is within the
1imit suggested by Vanderveer's 1975 map but the potential
for older sediments in Northeast Pond remains. If late ice
covered the whole peninsula neither pond should contain such
sediments but 1f the last ice retreated as Henderson suggests
the potential for evidence of the pauses or readvances in the
last ice retreat remains. Similar analysis of some Scottish
lake sediments has provided valuable evidence of the last ice

expansion and retreat in Scotland (Loch Lomond Advance).

Radiocarbon dating of the lowest suitable (organic)
sediments and pollen analysis of the early core would reveal
irregularities in the depositional history of the lake and
information about the surrounding contemporary vegetation of
the lakes. If the basal sediments proved unsuitable for
radiocarbon dating then the pollen record would provide an

alternative relative dating technique.

Palynological studies on the Avalon Peninsula have been
limited to three diagrams compiled by Terasmae (1963) and to
the work in progress by Macpherson. None of these sites are
from the northern St. John's Peninsula but it may be possible
to correlate tentatively the undated portions of the pollen

profiles of Northeast and "Birch Hi1l1ll's Pond"™ with an absolute
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chronology of the vegetation change established by Macpherson
for Sugar Loaf Pond, near St. John's (pers. comm.) and
Terasmae's (1963) Goulds and Whitbourne bog sltes, near

St. John's and in the central Avalon, respectively. The
sediments analysed by Macpherson and Terasmae recorded only
variations 1in Holocene pollen production. The oldest pollen
spectra for the Avalon were obtained from Sugar Loaf Pond
f@sc - 2601: 9270 # 150 BP for the lowest gyttja). The
profile continues for approximately 40 cm below this and
Macpherson (1980) suggests the site was not

deglaciated before 10,000 BP. The sampling sites chosen in
this study were potentially avallable for accumulation

during the late-Wisconsinan i1f the speculations of Grant were
correct. A few lake sequences pre-dating the Holocene have
been discovered for Nova Scotia (Livingstone 1968), southern
Labrador (Lamb, 1980) but correlations with these and other
sites would have been more speculative because of the dis-

tances and variations between sites.

The finding of a pre-Holocene sediment sequence on the
Avalon Peninéula would have demonstrated there had been an
ice-free enclave, at least, along the east coast of
Newfoundland. It would also provide a longer record of
Vegetation changes 1ncluding the glacial and early post-

glacial period.
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As much of the previous work has involved the interpre-
tation of geomorphilc features 1t was decided that an examina-
tion of the study area's glacial geomorphology would be in
order. However, the main thrust of the research was if
possible to establish a chronology (absolute or relative)
for the deglacliation of the northern tip of the St. John's
Peninsula from analyses of basal lake sediments using the

techniques of radiocarbon dating and pollen analysis.
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Chapter 2

The study area.

271 Locatlon.

The St. John's Peninsula (Figure 2.1) 1is the northeasterly
1limb of the Avalon Penlinsula, Newfoundland. It is bounded by
the North Atlantic Ocean to the east and north and to the west

by Conception Bay.

The study area 1s the sectlion of the St. John's Pepinsula
north of latitude 47° MM'N. Within this 56 km® area, field
research was concentrated in the vicinity of "Birch Hill's
Pond" (47° 44' 49 N, 52° 45' 31 W) and Northeast Pond (47°

! " o ' "
47 44 N, 527 46 4B W).

Settlement 1s largely restricted to the coastal centres
of Pouch Cove, Bauline and Shoe Cove. Highway 18 connects
Pouch Cove with the provincial capital, St. John's 25 km: to
the south. Access to Cape St. Francls 1s via a gravel road
continuing from Pouch Cove, whilst Bauline is linked by a
paved extension of Highway 18 to both Pouch Cove and Torbay.
Northeast Pond 1s joined to the Cape St. Francils road by a
forest track while "Birch Hill's Pond" is on a gravel road
which 1links Miles Pond to Highway 18. Numerous forest tracks
of varyling quality are to be found 1n the forested valley

troughs, generally these provide occess on foot to lakes.
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2.2 Physical environment.

a. Introduction.

The physical environment will be described under the
broad headings of geology, topography, drainage, climate and
vegetation. Although for simplicity's sake these factors are
dealt with separately they obvliously cannot be regarded as
independent of one another. For 1lnstance, vegetation is an
expression of all the other factors affecting the distribution
of plants including human interference as well as the charac-

teristics of the plants avallable for colonization.

1018 Geolggl.

1. Solid geology.

This aspect of the physical environment has had probably
the greatest 1mpact on the landscape of the study area. The
coastline and relief are strongly influenced by the solid and

structual aspects of the geology.

According to Rose (1952) the area 1s underlain by two
bedrock groups: the Harbour Main Group (mainly schists and
volcanic rocks) and the Conception Group (mainly siltstone,
sandstone and slate). Figure 2.2 summarises the major
features of Rose (1952) with modifications after the work of
Maher (1973), and King (1977). Maher's study (1973) of the
area north of the "Bauline-Pouch Cove trough"(term used in
this text to refer to a major trough between these settle-

ments) 1s based on detaliled mapping of late Precambrian
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volcanic and sedimentary rocks. He states (1973: p. 1)

the Conception Group consists of "turbidite sandstones

with subordinate cherts, shales and conglomerates." The
Harbour Maln Group comprises "numerous acidic and basic flows
and tuffs 1lnter-layered with sediments from the volcanilc
unlts." Maher also recognized glacio-marine and tillite
formatlions within the Conceptilion Group. Intrusions of quartsz
dlorite, rhyolite and dlabase were reported in the western
part of area and may relate to the emplacement of the Holyrood
granite batholith to the southwest (Maher, 1973). King (1977)
in a recent geological map of the Avalon Peninsula confirms
the earlier work and suggests the position of some major
faults and folds south of Maher's field area. It appears that
the sequence of rocks in the fleld area forms the western
flank of a major anticlinal zone (Rose 1952, Keats 1968, and
Maher 1973). The associated folds are of small scale but
thelr axes generally trend northeast. Both thrust and normal
faults are numerous. Exposures of solid rock occur on many

summits as well as along the coastline.

i1i1. Surficlal geology.

Roadcuts, quarries, building fountalns and lake and
stream channels expose varyling depths of surficial material
to field examination. A patchy veneer of till, of variable
thickness, 1s largely confined to the northeast trending
valleys. Henderson (1972) describes this veneer as ground

moraine of local origin. The term "till" will be used in the
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place of "ground moraine" in this thesis, after Boulton (eg.
1976). Vanderveer (1975) has produced a classification of
surficlal deposits for the St. John's area. Within the field
area he assigned landforms to genetlc categories with mor-
phological modiflers. Filgure 2.3 summarlses the relevant
portion of hils map and indicates that to the north of the
"Bauline-Pouch Cove trough" the till cover becomes thinner
and increaslingly patchy. Towards the south of the study area

ljandforms and deposlits 1ncrease 1n varlety and complexity.

Bog has developed 1n 1solated patches. One of the lar-
gest of these 1s located at the headwaters of the Pouch Cove
West Brook. East of Baullne bog growth has occurred around

some lakes (notably for this study "Birch Hi1ll's Pond").

SET -, Sod ks

The cool humld climate has resulted 1n podsollc soils
of low fertllity. The solls contain many rock fragments and
are strongly acidle. The organic content of such solls 1s
typlcally low and with the generally low percentage of fine
rock detritus the water holding capaclty of the solls tends
to be low. Drainage through the soil is frequently impeded
by the development within the B horizon of an lndurated layer
of 1ron salts. Such a typlcal soll proflle 1s exposed near

the gravel road, northwest slope of "Birch H111l" Figure 2.4.

€. Topography.

Relief 1s domlnated by a spine of highland extending

along the western coastline formed predominantly of the
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Figure 2.4
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Harbour Main rock Group. The maximum elevation of the high-
land 1is over 272 m north-northwest of Herring Cove Pond. The
steep west coast 1s the fault-line scarp slope of this high-

land and lacks any bays or coves.

From this spline of highland a series of ridges extends to
the northeast and 1s attributable to the general northeast to
north-northeast trend of major fold axes and a set of thrust
faults (Maher, 1973). The broadest of these northeast trending
valleys 1is the "Bauline-Pouch Cove trouéh". Northeast Pond
is found within a parallel trough to the north of this trough.
The second highest summit in the region (252 m) is on the

ridge 1.4 km to the west-northwest of this pond.

The eastern coastline 1s indented with frequent bays and

coves (eg. Cripple, Pouch, Small and Stiles Coves,)

d. Drainage.

The major dralnage divide in the study area lies near the
west coast due to the position of the spine of highland. Con-
sequently westward flow 1s negligible with most dralnage
confined to the northeasterly trending valleys and flowing
eastward. The area's valleys have been glaclially deepened
and shaped. A series of rock basin or moralne-dammed lakes
occuples the major troughs (eg. Northeast Pond, North Three
Island Pond and Shoe Cove Pond). The ponds are generally
connected by a series of misfit streams. The "Bauline-Pouch
Cove trough" contains the area's largest stream: ie. the Pouch
Cove Brook. Generally streams are small and because of the

wildth of the peninsula, short.
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e Climate.

g

The sea is the dominant local influence on climate in
Newfoundland. The configuration of the Avalon Peninsula
exaggerates this further with its deep inlets of Conception,
St. Mary's, Trinity and Placentia bays. The maximum distance
from an apprecilable body of water as a result is less than 20 km.
In consequence the climate of the peninsula is equable since
the surrounding water body reduces the range of temperatures
and the cool waters of the Labrador Current reduce the maximum
summer temperatures in comparison to those recorded in the
continental interior at similar latitudes. In the winter the
saline water is relatively warmer than other water bodies and
the continental'landmasses. Consequently temperatures do not

fall to those experienced at similar latitudes in the interior

~of Canada. During the period June to October southerly air-

streams are influenced by the warm Gaspe Current off the south-
west coast of Newfoundland. The notorious coastal fog of
Newfoundland can result from the condensation caused by the
topographic influence on this moist airstream as it passes

over the island, or cyclonic conditions or during the June to
October period as the warm air comes in contact with the cold

Labrador Current.

The nearest official meteorological observations recorded
for the study area are from the St. John's airport, Torbay
] ]
(47° 37 N, 52° 45 W). The meteorological station is 16 km south

of Pouch Cove and is 141 m amsl. Within the study area
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meteorological conditions will vary from those observed at

the airport due principally to differences in elevation

and distance from the coast. These variations in conditions
are probably negligible but general tendencies should be borne
in mind when reviewing the alrport's data. Absolute tempera-
tures at the alrport will generally be lower than those
experienced within the study area since a substantial portion
is below 140 m. The observation site 1s approximately 5 km
distant from the sea at Middle Cove while the maximum distance
in the study area is less than 5 km. As already suggested

the sea has an 1mportant modifying influence on climate. There-
fore 1t would seem that temperature variations 1n the study area
might have a slightly smaller range than those of the alrport.
Observations concerning precipitation will probably not differ
significantly in quantity although the generally lower eleva-
tion of the study area might promote more precipitation to
fall as rain rather than snow during the winter months. It

is possible that there 1s a higher incidence of coastal fog
which probably penetrates inland along the "Bauline-Pouch Cove
trough." There 1s no evlidence to suggest either wind or rela-
tive humidity are appreciably different from those recorded

at the St. John's airport. If the study area has more fog
than the alirport then sunshine hours would presumably be
reduced accordingly. Table 2.1 presents mean monthly
averages based on meteorological observations between 1941

and 1970 at the St. John's alrport, for: temperature, pre-

clpitation, sunshine, wind, relative humldity and fog.
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period (1941-1970).

Temperature (°C)
Maximum
Minimum
Average
Precipitation (cm/mo)
Rain
Snow
Total

Sunshine (Hrs./mo)
Wind
Speed (m.p.h.)

Directilon

Relative Humidity (%)

Fog (% hrs./mo)

Source: Environment Canada, Atmospheric Environment Seriidgg'
Jan, Feb, Mar, Apr., May. Jun. Ju. Aug. Sep. Oct. Nov. Dec.
13 13 18 22 25 29 i fi & 30 28 23 20 16
=23 -23 -21 =14 - T - 3 1 3 -1 - 6 -10 =17
- -4 - 2 1 6 10 15 15 12 7 3 -1
6.9 T.4 6.6 7.62 8.9 8.9 8.4 1144 38,2 43,5532 40,2
79 86 69 36 10 Trace O 0 Trace 3 18 66
9.5 45,7 1381 1l.4 9.9 8.9 8.4 118 T2 14 16.3 16.8
o 12 93 116 152 176 212 176 149 117 59 o
185 478 16:7 18l AN, 3 15:5 130 12.9 14,2 14.9 16.0 16.6
W W W SW WSW WSW WSW WSW WSW WSW  WSW W
85 86 88 83 78 ¥e _ e 81 80 83 B8 85
15  20.7 24 32 33 29 25 24 23 22 23 4t




The growlng season as defined by Hare (1952) is when the
mean alr temperatures are above 6.1100. He suggests that the
season 1s generally of over 160 days 1n the northern region of
the Avalon Peninsula, beginning in mid-May and extending to
late October. Snow has been recorded throughout the year and
frosts have occurred in every month with the exception of July
and August. The frost free season of the study area is normally
longer than two months although the proximity during the spring
and summer to the ice floes on the Labrador Current may en-
courage cooler temperatures and delay the onset of the growing

season by a few days.

Damman (1975) investigated the importance of summer tem-
perature in controlling plant distribution in Newfoundland.
He recognized four groups of arctic—-alplne species in
Newfoundland with geographic patterns controlled by climate.
Damman was interested in variations in the growing season
defined by temperatures measured using the sucrose inversion
method. Hls results indicate that temperatures in the study
area are generally lower and are cooler during the growing
season (14°C) than the central Avalon (above 16°C). Winter
temperatures on the Avalon Peninsula do not fall as low as
those of the central Newfoundland area. Frequent winter thaws
are likely with the passage of cyclones to the north bringing
warmer southwesterly alrstreams which are accompanied by

heavy rain and wind. One of Damman'sgroups of arctic-alpine
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species required deep winter snow cover and another is res-
tricted to areas without frequent winter thaws and so are
not found in the study area. Hare (1952) notes that half of
the Avalon Peninsula's precipitation during the winter falls
as rain, which results 1n numerous crusts being built up
within the snow as the result of water freezing on the snow
cover. Diurnal melting and freezing of the snow cover would

produce the same affect.

Precipitation is abundant throughout the year. It is
primarily the result of the passage of fronts associated with
the numerous cyclones approaching from the southwest and
south. Other forms of rainfall do occur but are generally

less significant.

The average relative humidity is high throughout the
year with the mean monthly figures from the St. John's
alrport ranging from 78% to 88%. According to Hare (1952)
absolute humidity 1s greatest in the summer and early autumn.
This occurs with the presence of the very humid tropical

alr from the southwest.

Winds during the spring, summer and fall are predomin-
antly from the west-southwest at the St. John's airport but
in the winter westerly winds predominate. If similar winds
predominate in the study area then the major regional and
long distant contributions to the pollen rain will be from
the central Avalon and the southerly portion of the main

island. Exotic pollen may also be blown from the mainland
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of Atlantic Canada although 1t 1s suggested i1ts contribution
to the pollen sum 1s generally small. Precipitation asso-
ciated with these winds occurs throughout the year and is most
commonly in the form of rain. Northerly winds predominating
for a day or less during winter months bring cold moist air,

which can bring snowfall.

The lowest percentage of sunshine hours recorded at the
airport 1s during the winter months (December to March).
This reflects the increased relative humidity and coincides
with the predominance of the cold westerly winds. Although
foggy weather occurs throughout the year it is most frequent
during April, May and June. During these months the contrast
between the warm-moist southwesterly air mass and the
Labrador Current 1s strongest. As the year continues the
Gaspg’Current becomes colder; it is as cold as the Labrador
Current by November ( Hare 1952), During these months the
air mass is not warmed to such a degree and less molisture
is absorbed during its passage. When the contrast between
the two currents 1s reduced so i1s the tendency for advection

EoE to form.

f. Vegetation.

The whole of Newfoundland falls within the boreal forest
region of Canada (Rowe 1977). Vegetation studies on the
Avalon Peninsula have been directed towards the distribution

of forest wilth concern focused largely on determining the

41



commercial viability of stands (eg. Kennedy 1955, Wilton 1956,
Rowe 1977). Such vegetation surveys are very generalised with
the maps indicating only the major components of interest to

the compiler.

Studies have shown the Avalon Peninsula to have a rela-
tively large percentage of heath and disturbed forest.
Kennedy (1955) attributes this to the repeated forest fires
and cutting which have led he suggests to a heath-1like
vegetation. The frequent formation of an iron pan in the
upper solil horizon impedes surface dralnage and can to some
extent promote bog formation whilst discouraging recolonization
by trees. Terasmae (1963) suggests that recolonization by
trees would be less effective on the Avalon Peninsula than
on the mainland of Canada due to the restricted range of
species present and to a suggested diminished ability of those
that are present. He cites the absence of jack pine (Pinus

banksiana) from Newfoundland which is an important element in

the primary succession of recently fired areas on the mainland.
Terasmae also notes the "less aggressive behaviour in
colonizing" of poplar (Populus) compared to elsewhere in

Canada. Damman (1975) suggests that aspen (Populus tremuloides)

can be found only as a stand-forming species where root
sucker development 1is induced by high soil temperatures. In
Newfoundland such temperatures are confined to the north-
central region and to burnt or cutover sites. Page (1972)

correlates its distribution with mean July temperatures
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above 15.600 and mean annual precipitation less than 1250 mm.
These restrictlions on the distribution of one variety of
poplar may explain Terasmae's observation. Macpherson (pers.
comm. ) notes that poplar clones effectively on disturbed

sites around St. John's.

The dominant tree specles on the Avalon Peninsula are

palsam fir (Ables balsamea) and spruce (Picea: P. glauca,

P. mariana). These are generally part of a mature stage of

forest development but in the absence of the more usual
colonizers become part of the initial succession. These
species seem to be less able to successfully regenerate in

areas formerly burnt over. Birch (Betula: B. papyrifera,

B. cordifolia) and the shrub mountain alder (Alnus crispa)

prosper on disturbed sites where there 1s plenty of light,
molsture and little competition. Perliodically the northern
tip of the St. John's Peninsula has been swept by fire. A
major fire occurred in the early 1940s affecting the area
south of the "Bauline-Pouch Cove trough". Subsequently
smaller fires have destroyed parts of the vegetation in the
study area and these plus the wood clearing assoclated with
the areas of settlement have gilven the vegetation a very

patchy appearance.

An estimate of the proportion covered by vegetation
types has not been made for the study area. However Table
2.2 (after Wilton 1956) provides an estimate of the areal
distribution of vegetation types over the Avalon Peninsula.

Values in Table 2.3 are estimates of the gross merchantable
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Table 2.2: Areal distribution of vegetation types,
S ——————————
Avalon Peninsula (after Wilton).

Percentage distribution

vegetatlion type

Heathland

Swamp

cleared land

Inland water
Productive forestl
Non-productive forest

1

is 5% or greater.

47.8
1,9
4.6
Bxd

21.6

16.0

An area 1s classifled as forest 1f the tree-crown closure

Table 2.3: Gross merchantable volume of timber specles; the
Avalon Peninsula (except the southern barrens)
and the Bonavista Peninsula. (After ™"1969
Inventory Statistilcs of Forests and forest lands
on the Island of Newfoundland").

Species

Percentage distributlon

Black spruce (Picea mariana)

White spruce (Picea glauca)
Balsam fir (Ables balsamea)
White pine (Pinus strobus)
Larch (Larix laricina)
Bilrch (Betula)

Other hardwoods

4y

32.3
2.3

283
0.03
£
6.9
1.3



volume of timber specles on the Avalon Peninsula (excluding
the southern barrens) and the Bonavista Peninsula by the

provincial Department of forestry and Agriculture for 1969.

The study area lles beyond the main area of productive
forest on the Avalon Penlnsula, a triangle of land between
the heads of Trinity, Conceptlion and St. Mary's bays. Smaller
areas of productive forest are found 1n sheltered bays and
inlet locations. Wilton (1956) suggests as a rough guide,
that productive forest 1s not to be found above an elevation
of 152 m. Above this scrub softwoods are likely to

predomlnate.

This has been confirmed during field-reconnalssance of
the study area although many of the hill summits to the
south support only heathland (eg. "Birch Hill"). The
densest forests of the field area occur in the "Bauline-
Pouch Cove trough" and the other valleys. Balsam fir
generally predominates with spruce more numerous on the
better drained sites. Recently disturbed ground has
frequently been colonlized by mountain alder. The hill slopes
to the south of the "Bauline-Pouch Cove trough" have only
occasional stunted trees including shrub sized conifers or
small occasional copses within more favoured locatlons.

The slopes surrounding Pouch Cove have been cleared for
cultivation. Disused flelds may also be found further north
near the abandoned Cape St. Franclis village. The flelds
are generally small 1n extent (less than 0.2 ha) cleared of

forest with the larger surface boulders removed.
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Chapter 3

Methodology

Bl Introductlon.

The obJjective of all field and laboratory work was to

determine when the northern most portion of the St. John's
Peninsula was deglaciated. The limits of last expansion of
Wisconsinan 1ice as suggested by the published works of
enderson (1972); Vanderveer (1975) and Grant (1977a) are
shown on Filgure 1.1, p. 15. The studied area lles within
the l1imit proposed by Henderson in 1972 but outside that
suggested 1in 1977 by Grant. The surficial mapping of
Vanderveer (1975) suggests that the ice margin may have lain
within the study area. The technlques used to investigate
the position in thils study are pollen analysis, radiocarbon
dating, and the occurrence and distribution of certain

rphological features.

L1

2 Collection of samples for pollen analysis.

- Sites.

Two lakes were chosen as sampling sites. These were used
in preference to bog sites as those have a tendency to be
affected by local pollen suppliers (Faegri and Iversen 1975,

Oore and Webb 1978) and the study necessitates an analysis
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of the reglional pollen rain. The selection of lake sites
was also influenced by the logistical problems of taking the

equipment in by foot.

"Birch Hill's Pond", (47° 44t N, 52° 45t 31" W) is
surrounded by bog. The decislon to core here was made on
the basls of the recognition of what 1s believed to be an
end-moraine identified by Henderson which he does not pre-
clsely locate. He suggests 1t was formed during a pause or
readvance during final deglaciation. The end-morailne is
believed to be the feature blockling dralnage to the

northeast of the pond.

"Birch Hill's Pond" (Figures 3.1 and 3.2) 1s not fed by
any defined streams nor 1is there evlidence that 1t 1s spring
fed. Water dralning directly from the slopes (in the form
of through and overland flow) 1s probably the major supply
of water to the lake. One small stream drains from the pond
to the northwest -and some water may seep through the mar-

ginal bog to the northwest and northeast.

Two sediment cores were obtalned using a modified
Livingstone corer through lce on 24.2.79 and 3.3.79.
Coring siltes were located 1n the deepest part of the lake,
which was found by plumbing the water depth through holes
drilled in the ice along north to south and east to west

axes of the pond. Depths to the sediment/water interface

were 1.65 and 1.75 m at the coring sites.
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Figure 3.1
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Northeast Pond (47° u7' 4um N, 52° 46' 48" W) occupies
a rock basin with limited marginal bog development. its
position, not too far distant from the other sampled pond,
was desirable for purposes of comparison while being beyond
the 1imits suggested by Grant (1977a) and the work of
vanderveer (1975). Although the margins of the pond are
floored with angular boulders, some of which protrude above
the water, local information that the south arm of the pond

was floored with soft sediment proved to be correct.

The steeper northern arm is free of sediment. Sediment
accumulation may have been prevented by the continual through
flow or periodic flushing of water draining into and from the
lake in the northern basin. These streams and the general relief
are shown 1in Figure 3.3. Intermittent drainage may also
occur towards the north-northeast where a stream coalesces
before draining into another pond whose waters drain into

the Atlantic Ocean.

Sampling was restricted to the southern arm of the
pond where the deepest water depths of this portion of the
pond were observed. Four cores were taken using boats and
from ice with the modified Livingstone corer. Expeditions

ere on 25.6.79, 2.7.79, 25.2.80 and 3.3.80.
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b. Coring.

pra—

Sampling was done followlng the standard procedures
outlined by Faegri and Iversen (1975) for lake sampling
using a modified Livingstone corer, with chambers of 5 cm
diameter. At Northeast Pond during the summer a palir of
boats was locked together to form a suitable platform for
the drilling operations. Once the sampling site had been
chosen the boats were firmly anchored until the sampling was
complete. During the winter the frozen lake surface provided
a secure drilling platform at both Northeast Pond and "Birch
Hill's Pond". The basic sampling procedure was followed from
both platforms except that holes 1n the ice had to be drilled

prior to sampling during the winter.

To prevent bending of the extension poles a casling tube
was anchored from the drilling board to lmmedlately above
the sediment/water interface. The sediment cores of between
4,53 m and 5.26 m were collected from Northeast Pond while

between 4.00 m and 4.38 m were retrieved from "Birch Hill's

Pond. Each coring chamber could recover a maximum of one metre

of sediment at each drive. On extraction of the sampler the
coring chamber was disengaged from the piston and extension
rods. The chambers were then plugged, sealed and transported
horizontally to the laboratory for extraction. The piston
was then scrupulously cleaned before being attached to a new
chamber. The reassembled device was then lowered through

the casing tube and into the same boring hole so that the
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next metre of sediment could be recovered. Care was taken
throughout to record the proper notations for tubes and
occurrences which might help during the analysis and inter-
pretation of the core, (eg. difficulties in the penetration
of sediment and the likely cause of termination of the

sequence).

3.3 Laberatory.

= Extrusion.

In the laboratory the cores were extruded into clean
plastic eaves-troughs. To ensure that the cores remained in
a molst condition and to prevent contamination from exotic
pollen sources they were covered 1n a plastic wrap. A
further wrapping of aluminium foil prevented contamination
of the sample from cosmic radiation and the production of

radiocarbon within the sediment.

b. Stratigraphy.

Notes on the stratigraphy of the cores were made follow-
ing the cleaning of thelr face by the removal of a portion of
the surface perpendicularto the motion of coring. A record
was made of the major sediment types (clay, gyttja, telmatic
peat) and the depth of any transition. Variations within
the sediment were recorded as were any marked concentrations
of macrofossils. The colour of the moist sediment was des-
cribed usling a standard Munsell Solls Color Chart (1975). The
length of the extruded cores were reconciled with the depth

taken during field-work using the standard methods (ie.
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distribution of the loss or gain throughout the segment unless

a compression or extension of a portion was obviously

jocalized).

e. Sampling for pollen analysis.

A number of cores had been taken from each pond but only
a few were analysed for pollen. The coring at each pond was
done over a period of months due to the length of time the
coring takes, the availability of sample chambers and the

desirability of good weather conditions.

The first core from Northeast Pond penetrated a layer of
stiff clay to reach underlying gyttja. The force necessary
to penetrate the clay and to retrieve the sampler broke the
coupling between the two boats, preventing further sampling
that day. On returning to the laboratory the extruded basal
core appeared to be badly contamlinated by clay smeared along
its surface. It was decided that another core was desirable
although the core segments making up the first lake sequence
were extruded and their stratigraphy noted. Subsequent
coring parties from the boats and ice falled to penetrate the
clay layer but encountered greater thicknesgses of gyttja
overlying the basal mineral sediment. The longest core of
gyttja (NEP II: 5.26 m), from a point about 30 m distant from
the first site, was used for pollen analysis as 1t was
thought that this would allow a greater resolution of the
early vegetation history. The basal section of the first core
(NEP I: U4 m to 4.53 m) was also analysed since it had proved

impossible to retrieve another similar segment. This core
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proved not to be as contaminated as initially thought,
although the surface of the core had to be removed and samples
taken from near the centre of it. The two profiles would be
correlated by their pollen spectra after analysis. Other
cores not used for pollen analysis proved useful checks as

to the general stratigraphy of the lake sediments.

Two cores were taken from "Birch Hill's Pond". Both
were used to verify the stratigraphy of the organic sediments.
The longest core (BH I: U4.38 m) was chosen for pollen
analyslis since 1t was 1likely to provide a greater time

resolution.

Samples to be processed for pollen were taken at intervals
of between 2.5 cm and 10 cm from the cleaned surface of the
chosen cores. The sampling interval varied according to the
degree of resolution desired in the pollen spectra. Generally
a closer sampling interval was used in the lower portions of

the core or where stratigraphic changes occurred.

3 3

A sample of between 1 cm~ to 2 cm~ of sediment was
removed from each level using a clean metal spatula, placed
in a plastic vial, labelled with the core designation and

the depth, and the 1id sealed with wax to prevent the
deterioration of the sample through moisture loss. Samples
were taken from the whole core although not all samples were
processed. This was because the study was concerned with the
early postglacial period and consequently only the lower

portion of the lake sequences were of lnterest. The higher
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samples were taken 1n case 1t was later decided these were

necessary to the study.

Processing.

|~

General Method.

The methods used to concentrate pollen grains for counting
were determined by sediment type and were a combination of the
procedures outlined by Faegri and Iversen (1975), Moore and
Webb (1978), Bates, Coxon and Gibbard (1978) and Cwynar,

Burden and McAndrews (1979).

11. Processing for the calculation of pollen concentrations.

A known volume of sedlment was processed so that follow-

ing countling pollen concentrations could be calculated. Where
3

sufficient sediment was avallable 1 cm

3

was processed.
Exceptions where 0.5 cm~ was processed are NEPI: 437.5 m,

NEPT: 4.34 m and BHI: 4.38 m.

3

Prior to processing 0.5 em~ of a suspension contalning

a calculated quantity of Eucalyptus gralns was added. Hence

the exotic grains were subject to all the hazards experienced
by the fossil grains during processing and 1t may be assumed
that the grains were lost or destroyed in the same propor-
tion. The suspension of exotic pollen was calibrated so that
the approximate number of grains per ml of suspension was

1 9

known (215.7 X 10 By the counting of

grains cm

Eucalyptus grains on each slide the concentration of the

Oother pollen grains were calculated using the following formula
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I
2

EX . o

Ext

where EX 1s the average number of exotic grains added,
EXl is the number of exotic grains observed in the
sample's slides,
n is the number of observations per taxon,

and N1 is the concentration of taxon per sample.

Values were corrected to 4 S.F. and are recorded in Appendix

A,page 167.

111 Processing of organic sediments.

Samples from the cores designated NEPII and BHI were
deemed sufficiently rich in pollen to make unnecessary the
additional measures outlined by Bates et al, (1978) and Cwynar
et al.(1979). Therefore the samples were concentrated using
the standard techniques of KOH deflocculation to remove
extraneous matter and humic acids; the HF treatment to remove
siliceous matter and acetolysis using stou to destroy the
c¢ellulose of moss, leaves, rootlets etc. These techniques

are standard and outlined by Faegri and Iversen (1975).

iv  Processing of NEPI

The sediment of core NEPI was in part clay-rich. Such
sediments are often poor in pollen and therefore it was
decided to employ a further process to increase the concen-
tration of pollen in the final residue. The procedure used
is outlined by Cwynar et al, (1979) and Bates et al. (1978)

and involves disaggregation with sodium pyrophesphate, and
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the dliscarding of material, including clay-sized particles
which will pass through a fine screen. A 7 pm screen was
used to collect the smaller pollens, as recommended by

cwynar et al. (1979).

v Mounting of samples.

All samples were mounted 1n silicone oll on precleaned
microscope slides followlng the washing out of all reagents
used during the preparation of samples and the final de-
hydration with tertiary butyl alcohol and stalning of pollen

samples with safranin.

e. Mlcroscople technique.

Slides were examlined using a bilnocular Zeiss Jena XaOC5H
microscope with an ocular power of X8 and an obJective power
of X U0 giving a total magnification of X 320. Traverses were
made at regular 2 mm lntervals across the slide to avold
differences in grain dispersal beneath the cover glass.
Determinations were made using a reference collection to-
gether with the keys from Kapp (1969), Richard (1970),
McAndrews et al.(1973), Punt (1976), Moore and Webb (1978)
and Bassett et al. (1979). An ocular micrometer was used
to determine the proportions of certaln pollen speclies dis-

tinguished on the basis of size.

The density of pollen gralilns varied between slides so
that the number of slides counted per sample was not constant.
With the exception of samples BHl: 3.70 m and NEPI: between
4,15 m and 4.34 m, counting continued until a minimum of 156

grains had been reached of both fossll land pollen gralns and
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exotlc marker grains. However complete slides were counted
in all cases to counteract the sorting effect noted by
Brookes and Thomas (1967). Samples BHl: 3.70 m and NEPI:
petween 4.15 m and 4.34 m were too poor in pollen for the
normal pollen sum to be used. The pollen sum of BHl:

3.70 m was reduced to 100 fossil land pollen grains. The
samples between 4.15 m and 4.34 m of core NEPI had very

low quantities of pollen even though procedures were followed
to concentrate that present. Only two slides from each of
these samples were counted because of the disproportionately
high amount of effort required to count even 100 fossill
grains. The results are recognized as belng less statistically
significant than the results of other samples as generally

less than 50 fossil grains were recorded.

The pollen sum includes all arboreal pollens plus
those ¢of the shrubs and herbs (including Cyperaceae). This
sum was chosen because the purpose of the research was
directed towards the study of the early post-glacial
sediments and the early post-glacial pollen record has
frequently an important non-arboreal pollen component.

It is suggested that the regional pollen rain would be
better represented by the three categories (tree, shrub
and herb) than any one alone. The reconciliation of the
demand for precision 1in identifying important pollen

producers with the desire for speed in counting resulted
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Counting continued over a period of five months and as
the observer's experilence increased the number of identifiable
gralns rose. In an effort to increase the compatibility of
profiles and to avold errors caused through erroneous identi-
ficatlions the counting of samples from core NEPI (the first

profile worked on) was repeated.

The taxa were grouped 1nto six major categories: tree,
shrub, herb, aquatic, spore and the unknown with the indeter-
minable counts. Observations of Betula pollen were ascribed
to elther tree or shrub categorles on the basis of measure-
ments of graln diameter. Ives (1977) suggests that the
majority of Betula pollen with a diameter less than 20 ‘pm is

that of the shrub B. glandulosa, with only minor amounts of

B. nana and B. papyrifera. Substantial amounts of B. glandulosa

pollen grains are found with dlameters between 20 pm and

25 " pm. Unfortunately there is an increasing proportion of
grains of other Betula specles with diameters above 20 pum.
Therefore had all pollen grains with diameters less than 25

Pm been assigned to "shrub" bilrch the count would most likely
have included many "tree" birch taxa. Therefore 1t was
decided that only those gralns with a diameter of or below

20 pm would be recorded as "shrub" birch. In consequence

the "shrub" birch component is probably under-estimated but
the count 1s much more secure. Pollens with diameters greater
than 20 pm were not differentiated but regarded as repre-
Senting arboreal Betula sources. They are therefore

referred collectively as "tree" blrch but it must be noted
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that some larger "shrub" birch grailns will have been acci-

dentally included in this group.

The Corylolid category includes all triporate grains
lacking a clear pore structure as well as Corylus grains.

In the profile from NEPII Myrica gale was also included

within the Corylold category.

f. The calculation of pollen percentage values.

The results for each sample were translated into per-
centages of the pollen sum using the followlng standard

formula

where PS 1s the pollen sum (le. =tree + > shrub +>herb)

n 1s the number of observations per taxon

N i1s the percentage contribution of n observations

to the pollen sum.

The sum for the calculation of spore percentages was the sum
of land pollen plus the sum of spores. Aquatilic pollen per-
centages were computed in a similar fashion, using the sum of
land pollen plus the sum of aquatics. For the final category
of pollen grains the sum of all indeterminable and unknown
Pollen was added to the land pollen sum. Calculations are
to 2 d.p 1n Appendix A,page 167. Within the text figures are

corrected to 2 S.F.
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g. Construction of pollen dlagrams.

Percentage and concentration diagrams were constructed
using the figures in Appendix A, page 167. All taxa are
recorded on the percentage dlagram while only those taxa
which contribute more than 5% of the pollen sum at some point
in their profile are included in the concentration diagrams.
The standard techniques and conventions described by Moore

and Webb (1978) were used 1n drawing of the pollen profiles.

3.4 Radiocarbon dating.

Five samples from the lower portlons of the cores analysed
for pollen were radiometrically dated. One sample was from
core BHI and was from between 4.33 m and 4.38 m. The purpose
of this date was to establish a minimum date for the deglaci-
ation of the "Birch Hill's Pond" site. It would also provide
an initial point of reference when comparing it to the profiles

of Northeast Pond, Macpherson ( o 1980) and Terasmae

(1963).

From Northeast Pond four samples were submitted for
radiocarbon dating. The origlinal reason for the submission
of the sample from between 5.21 m and 5.26 'm of core NEPII
wWas to link the pollen profiles of cores NEPI and NEPIT.
However as will be discussed in Chapter Six this date provides

the oldest minimum age for the deglaciation of Northeast Pond.

The whole of the datable portion of core NEPI has been

submitted for radiocarbon dating. The lowest material (between
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4,53 m and 4.48 m) was submitted initially to provide a
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