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: however, the relatwe paucny of palynologlcal work has hampered the - : T~
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ABSTRACT ' \
A Palynologlcal Investlgntlon of the Late Quaternary . -
Vegetatlonal History of the Baie Verte Peninsula, Northcentral ‘

Newfoundland

Key Words: Pollen .anquu's-,- vegelation rcconsti-uclion, postglacial, elimatic
change, deg_lacial_a'on, Netojoundland, species migration. . ﬂ L
| Palynological stddies ol-peat and'lacustrine sediments in Atlantic Canada L
have provxded outlines of the late- and postglacial development of the vegetal:on' |
Furtl,'uermore. these vegetatlonal changes have permitted rweatchera to mterpret o , .

late—glaclal and Holocene cllmat.xc changes. On’ the Island of Newfoundland

development of a reglonal synthws ol vegetatnonal and ollmatlc, Instory Tlns
thals examines the sequence Ql vegetatlonal changeﬁ in northcentral s
Newfoundland m orderio add to the knowledge of late Qnaternary

-«

palaeoenYaronments-oL—thn province, ' - - - -

- Duplicate cores from' two laka on tbe Baie Verte Pemnsuln were obtained
for pollen analysis, radiocarbon ‘dating, and loss-on-ignition analysis, The results
mdlcate that the Penlnsula was ice-covered dunng the Late Wisconsin and that’ | ,
the ice hmlt probably extended at least to the northern terminus. The northern

hlgﬁlands were deglacmted by 11,800 BP and dlsslpatlon of the ice ptogressed by-

L

downwastmg and ice- recessxon boward the mtenor of the pemnsula ' IR

Pollen percentage, concentrntxon and influx diagrams are preeented qnd'o

téntative regional pollen zonation for tbe northern Baie Verte Penlnsula is

-~

proposed 89 follows: (I) Gramineno-herb zone, before 11,800 BP; (lle) | 0
" Betula-Cyperaceae subzone, 11,800 to 10,000 BP; {IIb). Shrubs-Ficea sula_zone, . - o
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= R (X 000 'to 8500 BP; (I[la) Ahme-Abies subzone, 8500 to 6700 BP; (]]Ib)
;” - Belula-Pacea-Alnua aubzone, 8700 to 3200 BP (Iv) Bcea-Be!ula-Alnus zone,
. 3200 BP to present. . )
* . "7 . Pioneering comrnunitiu Lwere renlaced by ;; dwarf-shrub tundra after 11 800
,, . BP A prolonged shrub—tundra phase was probab]y a result of randual ice in
7 ) _ lowland areas whlch acted a8 a physrcﬁ barner b tree n'ngratron and which ma;
"_// - o 'have affected the local clunate Arboreal unmrgratr:)n commenced after 9500 BP
. | . ,-'wnth Rcea. The cloarng of the forest canopy and the development of a white _‘
: : !,’ blrch-b]ack spruce forest occurred after 6700 BP From that time to about 3200
; ‘ ,/ BP the chmate was warmer and drler the:n at present A subsequent coolmg

‘ trend is mferred prunanly from a reeurgence of black spruce at. the expense of
white bnrch A slgmficant decline.in total pollen abundance after 2000 BP is

.~ attributed to a decrease in tl!densnty of the regronal vegetation and deereased
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- ~eradication‘of former vegetation petterns in eastern North America. Followlng
- . ‘ .

- 'speclﬂc time perlods dunng tbe Holocen(({ g Bartlem & Webb 1085] ln R

X [ "" )
CHAPTER 1 INTRODUCTION -~ =

e

Pleistocene glacjations resulted in the displacement of plant species and the, . **

* retreat of the Late Wisconsin ice an(the emergence of isostatically depreased

areas, recolonization and subsequent changes in the de'{elopment. of vegetatlon led

’ 3

to the contemporary locatlon of vegetatwn zones and present rangee ol«plnnt tm.

Durmg the past two decadea, an increasing num{er of studles h Ave been

I

undertaken concernmg the process of revegetation in eastern Canada -Questions -

\

pertammg to"the exterit of Late Wistonsin ice, the patt.em ‘and chronologx_of

.

glaclal recessron, locations of plhnt. refugia, the rale and du-ectron of plant A «

mngratlon as well as the composltlon of early ‘foreets the role of different plant

14

specla in postglecml communmee and mterpretetlons of the palaeocllmnte have

been tackled. Gradually, the sequence of vegetational .and climatic changes is » .. .

being reveeled.
For the mnmland portion. of eastern Canada, the emphests in <~
palaeoecologrcal studm is slnfting Now l;hat the Holocene pollen sequence for the ’

"
region has, to a lnrge extent, been wtebhshed current research is coneerne

tncreastngly with’ multrple site enalysrs, palaeochmate modelling and plent .

_ popnlatlon dynamics. Forexample, the compilation of-pGilen data from muluple

gites has enabled the preparatlon of. lsoehrone maps deplctmg the spatial and
temporal movement of ecotona and specxﬁc taxa (e g Bernabo & Webb 1077%;

Webb et al. 1983). Srmrlar deta are belng uged to produce isotherm maps for

| .addmon nnterpretatlons of fine reeolution pollen fecords heve begun to provide

R
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detailed information qh plant population and commfunity dynamics, particularly

the role of fire in foi'a‘t\ ecosystems, and on seditmentological processes (e.g. Green

\,"1981, 1982,1983). ’ : -
v

_In contrast, 'pafynological studies in Newfoundland are still in the stage of

¢
. o
_ é'ir!econnaissance insofar asdarge gaps in the palaeoenvironmental history of the

" muntlon many basie qumtlons reman{x

province need to BB -ﬁlled.‘“.Althqugh—studies under way in the northcentral and

central parts of the island (Macphenson in prep ) are rapidly correcting thm
r

-*

D,
With this regxonal unbalnnco in mind, the present progect was dazgned ‘to

\'ahc;t mfo:mat,lon on the Late Quaternary envnonmeut.s of an area of ,.- '

- history has not preyiously been studied. -~

N

Newfoundland It was declded that the pollen analysis of two lnke sites l‘rom th@

e i

Bme Verte Pemnsula could provxde essential data on palaeoenvironments smce the

gl&cuﬂ hxstory of this a:i_a’%mains speculative and its vegetational and climatic

.8

JAssa b,nakground to this;tudy, a review of the khown and speculative ice'

* - limits and ice—l’ree areas in Newfoundland is given in- Chapter 2. This chapter also

. ducmm plant refugm hypotheses since an unplicn. mm of this study was to

A3

determine whgther the Baie, Verte Peninsula could have been’a refugium for ’
plﬁits: Tn ‘adﬁitlon the late- and postglacial sequence of veﬁetation fo'i- the .
Atlannc reglon and Newfoundland is discussed as well as the m{erred cl.unatxc
'hisbry of Newfoundla.nd for the same ume period ‘ F

q The ﬁeld work, hboratory procedum and pollen analytlcal methods

' employed in the project are  discussed in Chapter 4. This precedes a discussion of

. t.he physical onvironment of tho Baie Verte Penins\ﬂa (Chapter 5) and the




_ charaeteristics of each of the two sites investigated((Chspter 8). .From the pollen

N-

. P :
data obtained from the sites, a series of pollen zones/ were identified and are

described in Chapter 7 Sediment description and/results of radioc;rbon dates’
aﬂd loss-on-ignition analysis are also pr.else.l-)teﬂ in this chapter.

This info‘m:i‘a‘tion provides the basis for Chapter 8: the interpretn-.tion ofithe
pollen and stratigraphic data. _Tak.ing each site in turn, tﬁe chapter discusses

deglaciation and provides a reconstruction of the vegetation and landscape using

_the appr‘oacha'outlined"in Chapter 4. In addition, the migrational routes of

certain taxa are considered in Chapter 8: The final section of this chapter

attempts to intepret the climatic history from the inferred vegetation sequences.

~
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CHAPTER 2 BACKGROUND AND LITERATURE REVIEW
2.1 Introdactlon
In order to describe the late- and postglacial ve\getational development of a
region, it is ee;sential to establish what is known of Late Pleistocene environments.
This ig‘,lhe aim of this chapter. The Late Wiscc;nsin ice extent in“the Atlantic

region is outlined with emphasis placed on known and speculative ice margins and

ice-free a-reQ in Newfoundl@d A brief assessment of plant refugial hypotham is

S

followed by a dlscusslou of deglaciation and sea-level changes in the Atlantic

regmn Revegetatlon of t,he eastern anadmn seaboa.rd is the focus of the fthh

" section followed by a review of palynologlcal research in Newfoundland including

both palaeovegetation and palaeoclimatie reconstructions.

Y

2.2 Late Wiaconsin Ice Extent

1] The A.tlnn‘tle Reglon

The extent of the lsst or Late Wisconsin glaciation in the Atlantic region

"has been tﬁé subject of considerable debate over the past century. The large

body 6f litera\lre amassed over this period ha;q been reviewed by several workers.
Grant (ld’ﬂb) and Ives (1978) discussed the stages of Quaternary investigation in
the Atlantic region, and Tucker (1978) ‘Brookes (1082) and Rogerson (1082, 1083)
have revnewed interpretatxons of the glacial hwtory of New!oundland '
From 1860 to 1940 the prevalhng view among researchers (e g Daly 1002;
Coleman 1020, 1926; Fernald 1925) was of limited ice along the eastern seaboard
and the persistence of ice-free ueu Mthln the ice lin:uts of. t.he last glaciation.
The work of Flint (1040) heralded a )major shaft in vnewPoint and it became the

accepted position that all high coa_s-ul slummiu&ere ice covered (Ivea-1078).



A
my

-~

\ of the Northern Peninsula wnth Labradorean i 1ce

Flint's(1940) work formed the basis of the 'maximum’ model of Late Wisconsin
ice cover. In the 'max‘imum' recopstruction, Late Wisconsin Laurentide ice

extended to Long Island, New York. The ice overran the Laurentian Channe] and

the Bay of Fundy, cpalescing with local ice caps ove} Néwa Scotia, Prince Edward -

Island and the island of Newfoundland, and extended southeast of Nova Scotia to
a moraine system on the Scotian shell (Mayewski et sl. 1981).

Since about 1870 the earlier view has regained approval based mainly on the
work of Grant (1980a,b, 1972) m-NewfoU\ndland His research on moraine

-

complexea and ice-flow indicators pointed to a radiating island- bnsed ice cap on

'Newfoundland (Mayewski et al. 1981) and the inundation of only the northern tip

>

’I‘hme studm, bogether with more recent resesrch (e.g. Prest et al. 1976;

Brookes 1'0773; Grant 1977a,b; Tucker & McCann 1980}, kave formed the basis of .

the ‘mipimum’ model of Late Wisconsin'ice cover. In this reconstruction,
Laurentide ice did not extend beydnd the North Shore of the Gulf of the St.
Lawrence and ratncted ice capa covered t.he istand of Newfoundland, New

Brunswick and Nova’ Scotw while the Laurentmn Chanpel, Bsy of Fundy, t.he

_Magdalen Islands, Anticosti Island, the eastern portion of Prmce Edward lsland

and certain coastal areas of Newfoundland and Nova Scotia remained ice-free

- (Mnyewski. et al. 1081). A recent study by Qulnén and Beaumont (1982) shows

that the two extreme models of Late Wiscofisin ice cover in the Atlantie region
\ .

produce hypothetical postglacial ses}lg els thpt bracket actual obs.ervations of sea

levels. They therefore conclude that Late Wisconsin ice distriSdtion must have

been intermediate between the two propoa;ad reconstructions,

—
- — M
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complete separation of the ice sheet over Labrador from the ice coverof -

_~ lowland areas (Grant 1069a,b). Similarly, t,o the south, piedmont glac’iers issued
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igure 2.1 shows the inferred limits of Late Wisconsin ice in the ‘Atlantic
re .' n 83 proposed by Grant (19776— Grant's suggestion of a restricted terrestrial
ice cover i8 mainly derived from research on weathering zones in mountainous
terrain (Brookes 1977a; Grant 19772) in I\\I}ewfoulndland (see below). Grant's

restricted hmnt of Late Wisconsin i 1ce in the Laurentian Clia.nnel is_controversial.

He bases this reconstructxon on a lack of evidence of Late Wnsconsm ice on the
Magdalen Islands or westem Cape Breton lsland. A recent study on Anticosti

Island (Painchaud et al.1084), however, indicates that surface till was depoeited

,

during the Late Wisconsin readvance\f‘ the Laurw the evidence N
pomts to the ice limit as being mamtamed near the-sbuth of Antxcostx | -

Isl:.md the Esquuhan Channel may also have been mundated /

(if) Newfoundland . N f'/

o — ¢

Tho ensuing digcussion outlines the known and speculatxve limits of Late

Wisconsin ice in Newl‘oundla_ngi. Two reconstructions have been advanced for the
Northern Peninsula. One implies that Labradorean ice impipged upon the lower

. {
parts of the extremity of the pe’ninsuh (Grant 1977b), whereas the other implies a

Newfoundlmd (Rogerson 1082; Prest 1984) “The Jptter reconstruction is based on

the propositxon that lce-free conditions exxsted in southeast Labrador, east of the '
Paradlso Mormno (Fulton & Hodggon 1979). / r
Both models, however, imply that the main source of ice i; the Northern
Peninsula was from the Long Range Mouqtainsmis is supported by ice flow K
patterns in the nortil_\arn uplands (Waitt 1081) and the pattern of morsines in

)
-

—_— et — e . .
. .
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v
from troughs inv the Long Range Mounta_inrz (Gratrt 1889b) and Anguille
Mountains (Brookes 1975), depositing moraines slong the coast. ' -
\ In these msu;itain ranges, Grant (19773) and Brookes (i9'77a) have
. identified three distinct altitudinal weatherinéiz%(ﬁw,/ that is, "discrete areas
exhibiting d’r!ferent degrees of weathr;ring' (Grant 1977b,’ p.255). The yom;gat

weathering zone, the ii:]ip"er limit of which is 800m, is characterized by a freshly

.stm.ted surface mantled with erratics. Above this zone, extenslve nunataks are

beheved to haVe existed (Grant 1677a). Grant (19773) proposed that summits in

the area above 750m hava been 1ce-fre94{nce before the last interglacxal based on

_the relatwe depth of fluvial dissectxon of the surface and the mantle of felsenmeer .

However other workers (e.g. Mayewskl et al 1981) have challenged the hypothw
that felsenmeer is mdlcatwe of ice-free conditions. They argue that if the base of
t.he ice sheet were frozen to the substrate, previously weathered debris would be

afforded protectxon and left mtact. after deglaczahon thereby wrongly implying

-

non-glacial conditions.

‘ 'Although Grant's (1077b) reconstruction of the ice maximum shows the
‘limit arching nc'rqss Notre f)anie Bgy 'lea.vin‘g‘ terminal part§ of the Baie Verte and
Bonavista peninsulu ice-free no firm evidence has been found to determine the l

¢

seawwd extent of ice in northcentra.l Newfoundland Earher workers in the area

-

. .'(Jenneu 1080; Lundqvist 1965) argued that an mner-outer drift zone boundary,

‘sepuating ground mordine on the coastal slde from younger eekers, kames and
xround moraine on the inner srdp. remlted from either a atill-stam_i d_urmg the
Late Wisconsin or a final major advance, Tucker (1073, 1074) took issue with the

latter interpretation. His work on the Halls Bay Deltas indicated that a calving

i

.

[ W
L e T



‘ uplnnd ice cap, broken by nunataks,

front rapldly deglaciated the bay until the ice became land fast in valleys to the
south. More recently, marine cores retrieved about 50km offshore, in Notre Dame
Cbann;el, reveal a continuous sequence of postglaoml sediments oyerlying
unstratified glacial till (Mudié & Guilbault 1982). A stratified till overlying the

unstratified till bas a radiocarbon age of ca. 18,000 BP and Mudie and Guilbault
- :

postulate that the basal unsorted till ma.rks the presence of grounded ice dunng

-~

- the maximum extent of the Lat“Wlsconsm glaclatlon o /

On the south coast of Newfouudlm}d,. the Late Wisconsin ice margin is o

=5

generally envisaged 83 'extendﬁlg to just beyond the present cdastline. A study 6!
the Burin Peninsula (Tucker & McCa.nn 1080) describes the llmit of the main
Newfoundland i 1ce eap as’a well-deﬁned feature lying across the Guborne Basin,

slightly north of the limit propoaed by Gra_nt (1977b), and poinls to the existence |

!

of small sepasate ice caps a.long the central rib of the upper peninsula. More

.-l

recently, Leckie and McCann (1982) provided evidence pertaining to the pattern
of ice in the Hermitage Bay area. They clum the northern part of the ares was

glacxated by the mmn Nveoundla.nd ice cap and the southern part by a small,

9 -

The seqtence of glacial events in central Newfoundland s unclga;r due to they

lack of dated material. Ac;ording.tp Vatdeveer and éparlgg (1982), glacial Aow

P

indicators suggest that the area was glaciated during the Late Wisconsin: Eurlier

papers by Grant (1877s,b) agree in general wnb this' reconstmctlon, but suggut
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) " Bay and Trinity Bay where.it merged with ice from central Newfoundland
: ) i f.‘.ﬂ"'
S (Henderson 1972). Both Rogerson and Tucker (1072) and Mellars (1981) have

attempted t6"delimit the seaward extent of the Avalon ice cap. Tracts of

oy

: felsenmeer on the Bay de Verde (Carbonear) Peninsula ﬁ{endemn 1972) imply
ice-free conditio% in that area, and Grant (1877b) proposed that the ext:rexrxitia
of other penmsulu of the Avalon may slso have lain beyond the Late Wisconsin
T ica lumt However, Mollars attempt to determme the extent of glacrer ice on the
St John s Pemnsuln proved unsuccashﬂ The_earlier workera, concentratmg on
moraines and raised manne landforms in bays and on islands, proposed that Late
.Wiacons_in ice extended beyond'the'eastern coast. How far t.h,e ice ovgrran the - . -
contirrental'shel! relx)nains uncertain. H'owever, ragz_i‘réhfinto the provenance and
transport of marine sediments in the Atlantic'Regjon (Piper & Slatt 1977).

rpdicata that terrestrial sediments were deposited\on the inner continental shelf

— ‘"f*?',&j:m of Newfoundland. This, at lesst, suggests that the Grand Banks lay beyond

» ‘ . . . ) X ' . . e
. ;ho/rémanmum. . , ’

During the last glaciation, the island of Newfoundland supported multiple

ice crps Grant (1974) identified the sites of several local remnant ice ¢aps.
' Rogerson (1981) argued that thm sites may not have supported stagnating ‘ice

-

but, rather, supported. actwe dnspem.l centres during the Late Wrsconsm
maxrmuml. A/;co/dmg to Rogerson (198‘2),.tlme dispersal centres congrst of an ice
divide Alqr/xg/the northern peninsula; a radial outflow gentre north of Red Indian
E o Lalre,' A seconrl west of Meelpaeg Lake,' and a %d ih east-central Newfoundland;
‘j‘;f: ‘ - .and s complex of centres-over the Avalon Peninsula co:n'prisin’g“a central icéhcap

T ' . and fce divides r.lc.)_ng the Bhy: ae Verde and St. Jél';n'éxPeninsulas. Grant (19‘&)

Kop it e N oea. s
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. supported the ides that Late Wisconsin ice caps were also centred on the ”
- . . ’ ’

. Bonavista, Baie Verte and Burin Peninsulas, but Rogerson (1982;SJ éqﬁihu“that the

two latter were the sites o%te Wisconsin disp;ersal centres,

2.3 Deglaclation and Sea-Level Changes

[l] Atlantlc reglon > A _

Radloca.rbon dates from terrestrial deposlt.s an\d marine shells have provided

v’

a basis for the regonstructlon ol the overall pattern of ice retrest in the Atlantic
region. In general, deglaciation occurred.Abi_fore 13,000 BP in the south along the

Bay of Fupdy coast and as late as 10,500 BP u,; sonitheastérn Labradc;r, although
Ne;fc;un;ilapd does not flt neatly into this sequence (see belov’v.). A conflict in thé. _-
chronology for the North Shore‘ of the Gulf of St. La yrence is apparent. Dubois
and Dionne (1982) claim that the coastline was ice-treie by ea. 10,500 BP. Other
ev1dence, however, indicates that part of the coast, near Sept-I]es, was deglaclated
ca. 1000 years later (Lowden et 3. 1671). This date is m closer agreement wlth S* 5 ',‘ :

i

the timing of deglaciation of northern Anticosti [sland €8, 9500 BP (Pamchaud( gg._ \“'u} s
a11984). | '
(if] Newfoundland
In Newfoundland the pattern of Late Wmconsm deglacis}ion is difﬁcult to
dlscern because of the pmence of severalice capa rathér than a smgle ice sheet
(Rogerson 1982) and the paucxty of rehable dates. In coastal aress, 8 portion of T .’

\ n
the evidence. is denved from dated manne material. Macpherson (10823) argues, -

s

howe’éer, that if indeed sever’a&coa.stal aress lay beyond the ice margin, as has
been postulated (e g. Rogerson 1981), t.ben manne shell dates may- -not duectly
reflect the timing of deglaciation. Carefully selected terrestrial sites may, on the ' , 3

N : . :
other hand, provide dates more-indicative of deglaciation (see Figure 2.2).

et ‘ . . o .
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A discussioi of ice retreat in Newfoundland follows. On the southwest e

-

coast, near Cabot Strait, dated marine shells overlying a till provide a minimum
age of 13,800 BP for the deglaciation and submergence of the ares (Brookés 1975).
On the west coast, in St.'Gedhges and Port au Port Bays (locations shown in

—

Figure 2.3), deglaciation o@ed slightly later: /mar}né shell dates from deltas

place the event between 13,200 and 13,600 BP (Brookes 1069). In St. Ge'orgé : = -
. -— . @ )
Y, Bay, a glacial readvance occurred.ca. 12,600 BP, prof¥ing the Robinson Head, o

moraine (Brookes 1977b) Farther north, dated shells from glaciomarine
2oL rytlmxtes place degla.cmtlon of the Bay ol lslands at ¢s. 12,600 BP (Brookec
| 1977b) Near the tip of the Northern Peninsula, at Ten Mlle Lake, a major ice
advance occurred ca. 10 900 BP (Gra.nt 1069a) although the moraine could be
. interpreted as the Late WISCODSID maximum (Rogerson 1982, 1983)
Recently obtained dates from basal lake sediments in northcentral
Newfoundland have provided indispensable information for reconstructing the
‘pattern of deg!aciation in that area. A basal date of 11,800 QP 'from ; site in the
southern part of the Baief/erte Peninsula (Macpherson in prep.) accords with the -
date of degl;aciation at yhe head of Halls Bay, where marine shell dates indicate an

LY

_fce-contact delta ca. 12,000 BP (’I‘ucke: }974) and with other ci_gled marine . L
material .in that—area_ra.nging from 11,400 to 11,950 BP (Dyckﬁlé 1963; | (( K
Blake 1083)."An anomalously late date oi 10,200 BP (Vandetveer, pers.comm.) t;as
been migned’to the glg.rjlg incursion in southwest White Bay. |

Dates from three other terrestrial sites indicate the course of lce recession in

‘northcentral Newfoundland: a coastal site on Notra Dame Bay was deglaciated by

13,200 BP, the ice had receded Inland by 11,800 BP in the Bishop Falls ares and 7
' v | | / _ : o



14

| 1]
58° 54°
0 50 100 km
L { o
f.
a v
\ <
(3 £ ‘£,
9 S @ 4
P < v 2
& SR (]
\vo e O
Nt &
% < ®
LS 2
o i ©
o
- 50 \
\)\ > e 50°_
(€ a2y
S Baia # "
Verte ) ogo
Pen. 1“* Notre Dame
Bonne g,, 9 ,/ Bay a&"“a""
< Springdale, e W
y d
‘53‘:‘3“.; %
8 = 53
3y of ] e
slangg U7 o Q
-} R
0 50°
Upg” W Alivas Bonavista
Dr) \O\
e /4 = N lag
S Red =
I'\
= Lake
! e‘b* 0\."
£ ov%"‘: Meelpaeg /
c,e"‘ 4 SRSy Lake
LA s y A o o‘
4 0 \\\.b 3 M Q& ¥ &
O O q & 48
A2t ) <4 § &
‘ o
‘ s e
) ~ § ; 2 e
@ 4
W39 2> /e ’?51
\ .
er™ 6@'\ Y, A &
\\\)oe
< Placenlia
Bay A
/
3
o
«° o
‘9\- ‘bg 3
,\("QQ'D
58° o
1 T
Figure 2.3: Location Map, Newfoundland.




by 11 300 BP the central plateau area wps ice-free (Macpherson in Blake 1083;

Macpherson & Anderson 1985). In contrast, basal la.ke sediment indicates that
Fogo.lsland was not. deglaciated until ca. 11,000 BP (Macpherson in prep.). ln
northesstern Avalon Peninsula, basal dates frox_n poads_ a;e-yotinger than other
coastal dates in the Atlantic ;egion. Macpherson (19823)'demo'nstra£ed that &

direct relationship between site elevation and age indicated dbwnwasting of a finsl -
ice mass on the pemnsula when the interior plataa\l emerged ca. lO 100 ‘BP and ) A ' ::::;:.
sites at low e‘levatlons became ice-free ca. 9200 BP. | .

Throughout the Atlagnc reglon dunng the last g]aclatlon sea levels were

about 100m below the pruent sea level (Grant 1980) so that pumerous ulands

- A | dqtted the continental shelf. -Followmg deglaciation of the land, and after
g | differing periods of j».mergence, areas near the icé ﬁmit, inéludiﬁg New Brunswick, ’
\ . | Nova Scotia, Princé Edward Islat;d and southern and -eastern New?ou:’xdland,‘ 7 ‘j..
;’ \b\ega{: to submerge. Western Newfoundland, wheré the maring litnit is between o &

Sé)\a.nd 125m aboVe sea level, has been continually emerging until recent centuries
. . . AN

(Grant 1980). ' (“ Yy

Raised pssiiglacial shorelines ixi the Atlantic region exhibit & general
northward tilt whilé in‘Newfoundiand and New Brunswick the tilt is to the

’ - northeast and northwest, rapéctively ((.ira.nt. I1'977b): This, the:l-, accords with the S

- ) model in which se'parate.ice-t_:a'ps gxistcd in several areﬁ‘-in addition to the | B

’ \La‘uren'tid;'ic'a sheet (Grant 1977b).

.- 2.4 Plant Refugia . | 5
A : Did plants find refuge from the last glaciation Gi\mountain summitsin =~ % — "
i .' - ) ' AN

o " eastern Canada? Did ice-lree coastal strips of land ﬁarbour pockets of vegetation?

S

WY
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| Did portions of the cdntinentdl shelf provide newkniches for species displaced by
ice sheets? Or witre pjliunts forced to migrate far— beyoqd theice sheets to the
oouthea.st parts of the United States? Such hypothaa have formed_ the basis of
' . .research for blologmts and biogeographers (e g Fernald 1918, 1925, Wynne-
? Edwards 1037; Deevey 1949 Drury 1068) in nor’tbenst North Amerlca [n terms
Z‘ o of the revegetatlon of I‘;wfoundlmd many of these questions have yet to be
| resolved.
e | o The proposal that nunataks, or ice-free areas, previded refuge for plants
" .during at lea.st\t‘he last glaciation was ﬁrst'advanc'ed by Ferndld (1925) who Il
ldentiﬁed in parts of eastern North America, arcttc-alpine specxa wluch were
otherwme known to grow only in.the Weatern Cor’dlllera..o The nunataks xdentrﬁed
by Fernald mc!uded the Long Range of wmtern Newfoundland the Torngat. and | |
Kaumnjet Mounta.ms of Labrador, the Chrc Choc Mountams of the Gaspe, the -
oo ‘ Mngda.len Islands and Prince Edward TIsland. tht (1971) added the summits of
: J the Appalachian Mountalns in New York a.nd New England States and Grant
(1977b) added Anticosti Island to the lwt of proposed nunataks N
// . ‘ ' As mentloned in the foregoing sect.xon, the nunatak hypothesis has found
‘ e . both adherenta ‘and opponents among geolog'lsts Likewise the oplmon of
o biologrsts has been dlvided Wynne-Edwards (1937): opposed Fernald's nunatak J‘.'.
theory on the grom‘ds that the dmrupted rangm of many plants could be ] |
explained by~the plants’ nssoclatlon with mmnly calcareous and basic rocks.
| Codvinclng arguments for nunatak areas come from raearchers on the other
H side of the Atlsntie Dahl's (1946) study ol‘ bicentric distributlons led hlm to
claun that aretic-nlpine flora existed along the Scandmavmn coast durmg the last

M
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Ice Age. Pointing to the comparatively rich extant flora on Greeyland highlands,

- \
Gjaerevoll (1963) invoked the nunatak hypothesis to explain the disjunct
distribution of some alpine species in Norway. He suggested that steep south- {L

facing slopes in'the Gjevilvasskammae Mountains could have offered suitable

habmt—sf‘fofr»q bardy flora. .- ‘ \ B

A recent study on the moss flora of western Newfoundland provides
evidence for the existence of plant refugia in that paﬂ of the province. Belland

(1981) identified thirty-nine moss -speciu at Bonne Bay that exhibit a bigedtric -

_ dxstnbuzlon, w'h one centre in the Western Cordillera and another in

northeastern North America. Mnny of these mosses are h.sted as 'foreat specles‘

but they are also found on llmestqne headlands, wet acl_dlc rock faces and

_ higﬁland barrens. S_;v\en of the thirty-nine spéci.e.s differ in their edai)hic ecologies

(thus opposing Wynhe-Edwards’ (1937) assertion) and dispersal potentials which

led Beiland to claim tha} their préence in Bonne Bay could be *best explained by

-

their having survivedwglaciation at or near thé sites where they occur
today (1881, p.115). & <.
Lindroth (1963), studying the distribution of Carabid beetles in

New{ou'ndlanéi, espoused the view of coastal rather than highland nynatak refugia

-based on the in-ﬁ‘b‘ility of some 6f the beetles studied to endure a high-aretic

climate. His conclusions point to.the existence of refoge areas in western .
Newfoundland. For example, the 'oc’currence of many ightless specié in the
south.wwt, where the Carabid fauna is richét 'prevent! 8n explanation of the
dnjunctlon as due to 1ong-ranga dispersal® (Lindroth 1083, p.109). In addltlon, he

showed that in some cases the mtraspecnﬁcwariahon of Nawfoundland



18

populations, unlike those on the mainland, tended bov;ard subspeciation. This
process, ¢laimed Lindroth, is unlikely to have taken place in the short postglacial
period. -

Another refugial hypothesis concerns the possible survival of plants on the

~ continental shelf of eastern North America and their migration to nearby land

following deglaciation and eustatjc rise. Terasmae (1973) propqsed that New

-

Brunswick was re'coloniz-ed by vegetation from both south of the ice sheet margin
in eastern North Americg./dild continental shelf refugia and that Newfoundland
was revegetated priya ily from the latter Qour‘ce. Terasmae .claimed that both

arctic and boreal élements grew on lce-free shelf areas extendmg from the Grand

Banks, east of Newfoundland south to Georges Bank east of New York State on

the basis-of peat deposits collected from Sable Island and farther south. However,
in an earlier paper*e at‘tribqtad the abundance of con.iferous’pollen in pollen
spectra from Sable Island ca. 7000 BP to mainland sources (Terasmae & Mott
1971). Furthermore, palynological evidence suggests that pln.pt habi?.au of Sable -
Island have remained essentially the same‘ovbr the past ll,'OOO BP and that the

island did not support s forest community (Terasmae & Mott 1071). -This may

. also be the case in Georges Bank where pollen analysis of fresh-water peats of ca.

11,000 BP led Emery et al (1987) to propose that terrestrial vegetation covered
the shell. . .

Several tree spécies growing in Newfoundland, nnn;ely red g_nd white pine’
(Anua resinosa and P. ;trobua), red maple (Acef rubrum), dogwood (Cornua

al?emcfolm), black ash (Frazmua nigra) and yellow birch (Betula lutea) are, with

'the exception ol the Saguonay River reglon, absent from the mamland area of

- N » ' 4 -

EN
~ -
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. “refuge on the continental shell..

~\ <19 a
eastern Québec-Labrador. Holland (1981) suggests that such species may have
found refuge on the continental shelf during the late Wisconsin.

However, recent work compiling data from multiple sites provides'strbng
.

\ .
evidence for the postglacial migration of taxa from refugia far from the ice sheet.

Davis (1983), '_foi‘ example, has mapped the arrival of trees throughout the eastern

United States by noting the radiocarbon age of the first abrupt ipcreage in pollen -

. —

influx. Isochrones were then drawn to show the position of each species’ frontier
at different times in the past. Her maps indicate that with the eicgption of white
pine, which may have found refuge in the Appalachisn foothill_s’, Tthe Coastal Plain

i .
or the continental shelf, most species migrated northea_iiftw“d. In contrast to

Holland's theory, most deciduous trees, including maple, first appeared southwest

of the southern Appalachians. Therefore, temperate species couldmot have found

Nevertheless, it should be noted that there wa-s ;:o land contact 'bet:ween_
Newfoundland and the mairland during deglaciation. In the Stlrait of Belle Isle,
the sea level was 60m above its present ;msition following the Ten Mile ice
advanoe ca. 10,600 BP (Grant 1969a]. In addltlon, the La\lrentim Channel
praently “reachies depths in excess of 200m between Cape Breton and
Néwfoundland. ‘Therefore, if sea levels during glaciation were npprqximaiely’
.100m below the present sea le\—rel"(Gr'ant 109.()), most of this channel remained
inundated. Thus had man;' of the moder.n béreal forest elements fom}d reluge on
the mainland, their only way to invade and b_gcozﬁo established on the island

would have been via long-distance dispersal (e.g. by anemochore, zoocBore or

hydrochore moda).‘ .Certainly, many of the comparatively early dates of species’

I T

o m
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‘ colonize’d the area ca. 13,000 BP {Mott 1875a). Dwarf birch and aspen became |

" more abundmt by 12, 600 Bleut the landscape remamed essentially treeless until

_aspen. Around ¢his time a low shrub-herb tundrs, similar to that recorded earlier i

- . 20 : 0 "

arrival in Nawloundland (eee below) make the theory of postglacial migration
from mainland sources alone dmieult to accept.

3.6 Sogonee of Late- and Pgﬁgluhl Vegetationsl Changes in the ‘
Atlantic Reglon excluding the Island of Newfoundland Lo
Durlnj the past two decades, an increasing number of studies has been .

undertaken conceu'xing the l;rocas of revegetation ;n_eastern Canada.In the

Atlantic region, inveetigatious‘ have been concentrated in Nova Scotia (Livingstone
\ ’

& Livingxt_one’ 1058; Liviﬂgstone & Este 1067; Livingstone 1068; Haddon. 1075;

~ Green 1081) slthough studies have also been undertaken in Prince Edward Island \-
. . , : . v

(Anderson 1980), New Brunswick (Mott 1975a), the Gaspé (Labelle & Richard

. '1081), the north shore of Québec (Mott{ 197.6) and southeastern Labrador (Lamb
_ _ , -

1980 1084). . cL o )

A comparison of pollen assemblage zones l‘rom Newfoundland with those of
adjncent areas is presented be}ow in the Torm of palynoateat:grap!nc charts (see
Figures 2.4 &H2I,5).' ‘I"he pollen zones indicate thet. the de\‘relopmeet of vegetation,
like deglaciation, occurred.;netachronously across the regim‘l.

Following the\ice retreat in coastal southwest New Bruﬁswi—ck, a tundra-like

vegetation, comprising predominantly willow and herbs indicative of open gfbund,
N . y . .

12,000 BP when spruce migrated into the area forming open woodlands: Spruce -

reached its peak 1000 years later and subsequently declined in favour of birch and

in southwest New Brune\v{ick, became established in Prince Edward Island and

Nova Scotia (Anderson 1080). | | »
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‘millen'mm later (Haddon 1975} Livingstone 1968). A birch-alder serub had

' ‘was more or less synchronous as hemlock migrated into the-'area and became the
_ the northern part of the reglon passes through different stagu of development -

" balsam fir had arrived by 7000 BP, followed by spruce and birch 800 years later.

23

By 10,700 BP spruce had invaded northcentral Nova Scotia and had
rmgrated eestward reaching the Cape Breton Island lowlands between 10,300 and

8,800 BP (Lrvingstone 1868), northward to the coastal plateau area of the Gaspé

| by 10,300 BP (Labelle & Richard 1981) and 300 years later had formed a spruce-

birch association in Prince Edward Island (Anderson 1880). The arrival of spruce

in the sonthea.st of Nove Scotia and -at Shaw's Bog, near Minas Basin, occurred
«

about 1000 years later than in other parts of the provmce Haddon (1975)

sugguted the possrbrlrty of a remnant ice cap over these latter sites that had

delayed deglaciation and hindered spruee' migratiohl‘

Farther north, in southeast Labrador, the landscape wa.s\sparsely covered
"

wrth dwarf bireh, wrllow and herbs by 10,500 BP-(Lamb 1980) This tundra-type
vegetatron persnsted for ca. 1500 years. -

A transitional forest of 'dominantly_pine; fir and oak developed in western
Nova Seotia between ca. 9200 and 82-00 BP (Green 19.81), wherea; in the central
and eastern parts of the province, these taxa attained: tlreir mnxima. about one

-
colonized the landscape of southeastern Labrador by 6000 BP (Lamb 19080). This

phese lasted about 3000 years.

Vegetatronal development in the Maritimes between ca. 7000 and 5000 BP~

pnnclpal cornponent of the forest (Anderson 1080). In contrast the vegetation in

during thts penod\ Mott's site near Sef*llea, Québec, (1978) had emerged and .
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According to Lamb (1984), = fir-dominated forest developed in southeastern
* o | Labrador ca. 6000 BP with the arrival of white spruce, balsam fir and white
' birch. Dwo.m s fore recent study (Engstrom & Hansen 1985j confirm this

iy \ sequence but not its timing, Better dating control and macrofossil evidence allow >

.

Engstrom and Hansen to place the immigration of white spruce to southeastern
~ Labrador at ca. 8000 BP followed by balsam fir 500 years lat:er.
| | Mixed conifer-hardwood forests, in which birch and beech were the principal
—_— Qconsti_tu;ni.s, developed in New Brunswick and Nova Scotls after 5000 BP
I (Anderson 1080). The a;rrival of these. specim i Prince Edward Island was
- delayed several hundrqd yem This is a.t.tnbuted to the subn;lergence of the land
bndge wu prior "to 5000 BP spanned the Northumberland Strait and provided
a suxtable migrational pathway (Anderson 1980) Migratlon of hardwoods. whlch

are less flammable than comfers, mto the Maritimes, fed to a decrease in fire

frequency and subsequently enabled succession to proceed more rapidly (Green'
.1081). Until 2000 BP, the composition‘of hardwood forests continually changed.

N A resurgence of boreal'species. primarily spruce, took place after ea. 2000 BP.
e 2.4 Palynologleal Research In Newfoundland

- ~ [1] Late- and Pmtglulil Vegetation

Comparatwely fgw studm on vegetatxonal hwtory have been undertaken i m
L | Newfo:ndland On the island, only two main areas namely the Avalon Peninsula
; . '. : | - (Terume 19/83, Macphemon 1980 1082a,b) and the northern extremxty of the
Y, o Northern qumula (Wenner 1947; Kuc 1975; Mott 1976b, Hennmgsmoen 1977

MeAndrews & Davin 1978) have received any detailed analysis, although research

, . o " has been initiated on the southwestern and western coasts of Newfoundland
k : (.
. 3
I._, . -.. w — N
Qe AL ,';‘» i o ‘ - ‘ "‘ v



25
rjr

(Brookes 1081), on the Burin Peninsula (Anderson 1983), and'iﬁ northcentral and
central Newfoundland (Macpherso(; in prep.).

. The pioneer ‘work on th; Island of Newfoundland was undertaken by
Wenner (1947) who, in 1938, studied two ponds near St. Anthony. Wenner's
pollen ﬁgrams indicate the initial presence of a tundra vegetation followed by

forest-tundra ¢onditions and a reversion to less wooded conditions in the

-

‘uppermost samples, The‘interpretation lacks a firm chronology, however, since

the work preceded the development of radiocarbon dating.

Almost twenty years later, Terasmae (1963) pubhshed mformatxon on cores,

obtained by Henderson's geological survey party, from three bog sites in the
. w - * :

northcentral f'egion‘of the Avalon P'enipsula..' Terasmae’s pollen ‘prbﬁla régister -

the migration of spruce, ca. 8400 BP, into a shrub birch and grass tundra. By ¢a.
7400 BP, yellow birch (Betula lulea) and balsam fir had arrived in the area,

followed by white pine (Pinua strobus). The forest cover appears to have

———

exhibited little variation after ca. 7400 BP with the exception of a re’d‘uction in lﬁr

. and an increase in the pollen of ‘weed' species, @s a result of human influence, in

the uppermost samples (Terasmae 1983).

_ Terafmae’s work failed to provide either a precise date of deglaciation’or -
evidence of pioneer assemblages associated with the colonization of deglaciated
i~ Co

terrain. Recently, palynologists have favonred the analysis of lake sediments

rather than peat deposits for palaeoecological reconstruction. for two principal
reasons, First, recotds from limnic deposits tsually extend to an earlier stage .

than do those from bogs since peat ,d'evelopment did not immediately follow
. . )

 deglaciation or ‘emergencé (Macpherson 198.1‘)'. Second, lacustrine sediments beat __
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represent thé regional vegetation whereas peat deposits reveal the local . .
vegeﬁation.l This is*because‘luka‘integnte the regional p"ollen rain. That is, lake
sediments contain 2 la;‘ge proportion of po\llen derived-from outside the basin
(allochthonous pollen) via atmospheric fallout, rain-out, surface runoff and stream
ﬂo;.r. In coutrast, a large proportiou of pollen in peat deposits is derived from
plgnts growing in silu I(autochthonous polleu)(Moore & Webl‘) 1(_)i_8). Abundant
pollen producers, auch ad Cypefh.ceae. grow on peat imd tend to mask the £egiqnal .
ppl!euinput. In dition, in peuts t‘he local pollen ;omuonen_t:mpy be difficult to
distinguish h.'om the regional cumpqnent"becguse. local plants umy be of éhe_samé.‘
pbll_en' type, eg Graminese (Mo’o‘ra &Webb 1978; Jauobson & Bradshaw, 1881). -
| .S.ince only béal' org)mic sediment was dated in Teraéuxae;é study, the timing

of subsequent plant specm uug'ra{l;; and vegetatxoﬁal changes remain

speculative, An additional shortcom:g of Terasmae's procedure is the wxdth of
intersample mterya]s; which range friom 30 to 50¢m’ in the upper portxons of the
' cores, representing about 900 years ‘o* deposition at the Whitbourne bog site.

Such cometrogolution may cause 'brief\\&egetational episodes to be missed (Short

1978). Inladdiﬁiou, Terasmae's in'terpret;lig\n i\nyolveﬁ ;uly relative tpercent:agé)

pollen counts. A compnrison of relative pollen i\h'grhms with ‘ubsolute; diagrams

from sites in northeastern: Labrador-Ungava mdi\cata that small but significant-
'palynologxcal ehangm aré often masked jn- perceﬂtage dmgrams (Short & Nichols o
—

'1977) due to the. differential, polleng)roduction of plants By contrast, ‘absolute’

pollen—digg'lj_u_ns can yield more rgahstic reconstructions of vegetation cover.

quioul vegoutlon refers (o luge veumion uaits, e.g. boreal forest, whereas loul vegeution
“ rafers to mlno: vqom.ion unijs or pllnt communitlen
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Absolute pollen frequency, or pollen influx, is & measure of the number of grnins

‘acc’l}mulated per unit area of sediment surface area per unit of time (Birks &

Birks 1980) and reflects plant population sizes. Thus, by employing absolute
pollen counting techniques, the possibility of establishing changes in both the
composition and density of vegetation cover is enhanced.

Subsequent palynological research on lake sediments from the Avalon

¢

_ Peninsula (Macpherson 1082a,b), using absolute pélien counts supported by

multiple rgdio,caf!;on dates, has enableti the establishment of a sequencé of

vegetational chazigw A sedge-willow assemblage occurred at sites of lower

until ca. 8300 a.nd ca. 7300 BP at the sites of lower and upper elevation,
respectively. Spruce, followed by balsam fir, ‘tree’ birch and aspen arrived-on the

Avalox by 8,000 BP. Macpherson (1982b).discussed the dissimilarity of this phase

s

of vegetation with the modern boreal forest and proposed that it was more like an

open woodland. Profiles from Terasmae's (1063) sites indicate similar
" /_-"

vegetational composition’, slthough ‘p.ercentagm of fir pollen are greater and aspen
pollen was not counted. - _ | ]
Total pollen mﬂux, reaching a maxifnum between 5300 and 3200 BP,
reflects” the closmg of the forest and a rise in tl;/e level of the treeline in the
interior plateau (Macpherson 1982b). A subseqt:ént detenoratnon of the
vegetation is inferred by dechmng pollen influx values together with a change in
the atrat:graphy at one of the interior plateau sltes. These shl!ﬁ, ‘accompanied by
a decline in the a:bqreal compqnent‘of the polien assemblages and re!ative
increase in the sh\mb' comp;)nent at tim other interiBrTsite, En;ly a retreat of the

trecline ip the interior piateau (Mac’ﬁhersqn 1082b).

elevation before 9300 BP. Thns was succeeded by a buch~shrub vegetatxon lasting
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Other vegetational changes, recorded at one lake site in St. ‘John's, show

clearly the impact of setflement in that area: a marked decrease in arboreal pollen

and a sharp increase in the pollen of ‘weed’ 8]39 herb speciél, in addition to
reduced organic content of the sediment, is indicative of lom\t clearance and the
atabljshment\ of farms (Ma.cphersc;n in pl:ep.).

_ Discovery of the Norse site at L'Anse aux Meadows at the tip of the

Northerr Pen‘ms{xi# provided an incentive for a m‘x‘mber of palaeoecological

investigations. Palynological research has concentrited on identifying any impact _

. ~
on the vegetation cover during the settlement period, ca. 1000-BP. However,

resilts indicate that the veéetatio_n-has remained essentially unchanged since this
date (Kuc 1975; Mott lQ?Sb):A.F'u.rthermoré, eight pond and bog »sitm ana].yz_ed by
Henningsmoen (1877) i'eveii\l that no signiﬁcs;nt vegetational change has taken
place during at least the ;mst 8600 years. Although a birch maximu;n is recorded
during the lacustrine stage of one site between 7500 and:BBOO BP, Henningsmoen

is reluctant to comment on its possible significance primarily since changes in

) , »

other pollen curves appear to reflect local plant succession rather than regional

vegetational changes. Subsequent research in:the area has indicated the presence

of s tundra vegetation before ca. 9400 BP (Davis et alin Macpherson 1981):

; In southwestern Newfoundland, Brookes’ (1074) choice of his Robinson's

only one al radiocarbon date (ca. 10,800 BP) was obtained, at which time a
~ sedge-ddminﬁ&d tundra iregetation colonized the are\.av(Brbo 1981)/ Because of

poor chronological contgol together wnth changes tn the gediment type throughout

"the Qe, tlp sediment accumulatlon rat.e can only be atlmated Hence, only the

/AN
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sequence and not the tlmmg of vegeta\txonal events can be ateblwhed"(\ih any

certamty Accordmg to McAndre\{rs (Brookes 1981) who pe:formed the pollen\)

analysis, it appears that the tundra phase_gzwe way to a shrubby. vegetntlon,
princinally o[ birch, wi]love ana sweet gale (Myri;:a gale) which develn;;ed ca. 8000
BP followed by the invasion of spruce, balsam fir and white birch (Be!ula ) |
papyri jcra) by ca. 7000 BP. - D -

The most recent palynolog:cal studies on the Island of Newfosdland have
yielded the earliest palynological records Anderson 3 (1983), pollen stﬂﬁﬂ"" on the |
Burin Peninsula v{ere lnm:-t‘ed primarily to test the hypotham of limited Late
Wisconsin ice. While the pollen record obtained is not as lengthy as was ‘
exﬁt—acted, the Iba.sa.l section of the lake core has providéd the eaﬂiest‘L;te e
* Wisconsin terrestrial radiocarbon date and pollen asaemblagu‘lfc)r the lslandv.' ‘

- , o .

Basal gyttja records a sedge-shrub tundra ca. 13,400 BP. A sybsequent transition

to a herb-tundra by 11,300.BP was followed by a reversion, A shrub-tundra
~ ’ N -
conditions ca. 10,700 BP. \'&\ .

A similar tripartite sequence of vegetational change has been identified at a’

site pear the coast of Notre Dame Bay. The initial vegetation following-«: ‘ —
. X \

deglaciation is interpreted (Macpherson & Anderson 1085) a8 a sparse herb-dvarf -

shrub tundra, with a floral compnsition not unlike that of the present-day

2

vegetation of northern Greenland. By 12,400 BP, a reversion toa sparse herb-

tundra is recorded This phase, lasting unq! ca. 10,500 BP was replaced by a T

tall-shrub tundra and is mterpreted as bemg sumlar to the !ow-arctlc dwarf-shrub

L —

heath of coastal soiith Greenland (Macpherson & Anderson '1085) Spruce amved
R. at 0600 BP (GSC-4183; Macpher_son.m prep.) fol]owed soon after by balsam ﬁr.«

(1
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. An increasé’in pine concentrations, possibly indicati_ng the beginning of the
hy’p;ithermal} occurred at 5980 BP (GSC-4686; Mo;;rhemon in prep.), and at 8340
BP (05041;8;,Muphemn in prep.) at a site 85km to the south. The subsequent,
decline of pipe occurred at 4200 BP (GSC-4107; Mocpherson in prep.) at the
coast. . — | 5
~ Analysis of lake sitgs in the Bishops Falld'and central plateau area is stlll in
progress In the thops Falls | ares, s low-shruy ‘tundra-type vegetation followed
deglacutlon ca. Il 8? BP. Pollen influx valtues are similar gthose from
contemporary tundra sntes ip coastal vfh t Greenland (Macpherson in prep. )
Spruce arrived at sn unprecedentedly early date of 10)800 BP (GSC-4131;
i Mscpherson in prep. ), and pollen concentration values for balsam fir suggest that
. this speclea mngnted to the area about 300 years later. Farther south, on the . -
central plateau, tl:e earliest recorded vegetation ca. 11, 300 BP is shrub-tundra,
“wlth successt peaks of wﬂlow sweet gale, btrch (probnbly shrub) and juniper. A
secqnd rise in birch (probably tree) follows thae events and a spruce rise occurred
at 8530 BP (GSC-4122' Macpherson in prep.).
A,m] Late- and Postglacial Climate- . Y
.
thhologlc and pollenl evidence from coastal slta in'south and northcentral
Newfoundlmd indicate a late-glacial climatic oscillation between 11,300 and ca.
.- 10,700 BP (Anderson 1983 Moopherson & @demn‘ 1985). This evidente / .
corroborates si.mlllr ﬁndlngs m the Maritime provinces where analym of peat and
hko udimenu at over twent.y sltea has revealed a climatic reversal between
11,000 and 10,000 BP (Mou 1083 Mott et al.. 1084),

Pollen'molyols of the two Newfoundland sites indicates that the initial ¥

P
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period of postglacial warming was interrupted ¢a. 12,400 and 1'1,300 BP at the‘
north @d south sites, rapectiveiy (Anderson 1983; Macpherson & Anderson
1985). Distinct changes in both the compasition and abundaoce of vegetation,
recorded in tbg north until 10,500 BP and in the south until 10,700 BP, are
sttributed to cooler summers with longer-lasting snowbeds (Macpherson &

Anderson 1985). The resumption of postgla.ci“al warming is evidenced by the near

- disappearance of tundra species, the incresse, in tota] pollen influx and the c}.mnge_

from mineral to mote organic sediment (Macpherson & Anderson 1985).

' (Macpberson &' Anderson 1085): foraminiferal evidence poin

The greater abundance of i'egetation at the south coastal site duri'he '

arm waters’

late-glacial is ascribed to the site's proximity to comparative
the warming of
the ocean south of the Grand Banks ca. 13,000 BP (Ruddimgn & Mclntyre 1081).

The sou.thern site was exposed to warm, moist southerly winds whereas the

- northern coast was swept by winds cooled by the island’s residual ice cap '

- . .- & N C T
P

(Macpherson & Anderson 1985). A comparison of pollen spectra from the two sites | 2

led Macpherson & Anderson (1985) to claim that the reversion of vegetation was

not a function of changing palaeowind direction, but rather due to a cooling of
the oceiu\n\gurface south of the island. '

These\pollen studies by Anderson (1083) and Mgépherson and Anders‘on' ' B

. (1985) are con&ied with late-glacial (i.e. end of the Late Wisconsin) climatic

primapily on postglacial or Holocene climatic changes. ' .
~ ‘ " .’ Evidence of a climatic optimum and subaqu"ent deterioration during the Cor
' : Holoceno‘has been most apparent in recotds from the Maritime provinces.
\ -
' _ \
. v . ' '
G, oo ot ) e . - g

oscillations. Previous pd)'ﬁlogicd work in the Atlantic region has focussed

v

e e
~

RN PANP ST

‘e

I

"1 s

PO
Lo

-'J'



Increases in pine and oak pollen between ca. 9000 and ca. 7000 BP in the
Mariélmea are ascribed to \‘n;armer tempe:raturw {Livingstone 1968; Mott 1875a;
' | Anderson 1980). |
‘ An expected resuit of a warming climate would be the northward ra:nge
: expansion of southern specié {Lamb 1980), However neither pine nor oak
. extended their range to southern Labrador and white pine appears to have arrived
: " late in. t‘lge Avalon Peninsula (Terasmae 1083) Evidence of chmatlc amehoratxon
in th/ae two areas u_l difficult to disentangle from the effects of other processes
=t . - (g.é: migrational lag). Maximum pollen influx values suggest only a continuing
* . amelloration of the climate until ¢a. 4000 BP zy{ouzh_em Labrador (Lamb 1980). ]
.§Oﬁ'th’e'KV'alpli Peninsula, diffefent indicators in the-pollen record point to a series
of stages of pogtglacia.l.warming (Macphersc;n 1082b). A rapid increase in spruce .
and balsam fir pollen concentration suggests a warming of the climate between
9300 and 8300 BP From the continuous presence of aspen, it appears that - ' l
conditions werg warmer and Jner from 8300 to 5400 BP than at present. The
period of maximum warmth and moisture occurred from 5300 to 3200 BP when
arboreal pollen influx and sediment accumulation rate reached peak values.

N 4

Lamb (1980) attributes a reduction in. lacustrine organic productmty and
L ]

- diminished pollen influx values dter 2500 BP in southern. Labrador to a cooling
R trend. Subsequent p;nlynological and geochemical analyses of lake sediments in *

- o neubyla‘réu point to a climatic deterioration after 4000 BP (E'n'gstr;am & Hu_lsen

1985). ‘In the Mu_iéime pfovincg, a broadly sincl;ronoufre'vemion of the .

vegetation after ca. 2000 BP, indicated by an increase in boreal trees and a

_cline in hemlock and hardwoods, notably birch and bee;h,' is generally ascribed

~
b
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to climatic deterioration (Mott 1975a; A.ndergqn 1980; Green 1981). In \5

southeastern Newfoundland climatic cooling has been invoked to explain

reductions in pollen influx and sediment accumulation and a retreat of the treeline

P b AXY T

in the interior plateau after ca. 3600 BP (Macpherson 1982b).
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CHAPTER 8 PURPOSE OF PRESENT STUDY
The foregoing review of palynological studies in in.sul_er_Newféundland_ ‘
points out the fragmentary nature of available evidence pertaining to (i) Late
Wisconsin ce Limits and pattern of glacial recession, (ii) the late- and postglaeial
vegetationel history, and (iii) tihe late- and postglacial climate of Newfoundland.

With respect to the postglacial development of vegetation in Newfoundland,

‘ only the northe;st‘ Avalon Peninsula has been treated in detail. Other studies

lack adequate dating control’of vegetational events (e.g. Brooku‘l'ostl); lack &
comprebelnaive evaluation of pollen-data due to (i) the use of percentage data

only, or (ﬁ) wide intersampling intervals (e.g. Tergsmae 1083; Henningsmoen

| 1977),131' (iii) the absence of difrerentiating important taxa such as Pycea, Befula

“and Pinus species (e.g. Henningsmoen); have concentrated on early plant
Loe Lo LY 3

(¢

recdlonization (e.g. Anderson 1983; Macphersqn & Anderson 1985); or have
»

focussed on the vegetntnonal Hxstory of only the last 1000 years (e.g. Kuc 1975; /_/\/ -

Y
Mott 1975b),. )

T;: fresent study was undertaken. therefore, to add to the knowledge of
Late Quaternary palaeoenvnronment.s of the provipce. It was proposed that the

research involve the analysis of lake cores frorn the Baie Verte Penmsula,

o

northcentral Newfoundland. Pollen analysis ang/loss-on-ngmtnon analysis would

be em};loyed to investigate the veg tational history of the area, and radlocarbon -~

_de.ting would be used bo—provn/dra minimum age for deglacmtxon in addition to

dating speciﬁc vegetntiona!' events. .T*he Baie Verte Peninsula was cnqaen

primarily becsuse of the absence of inrormati_on ofi the vegetational history for the

~

ares, and thestudy would thus provide 8 link between studies in the east, north

\'
r
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and wét parts of the province, and secondarily to yield possible evidenee relating
the the jmitof Late Wisconsin ice. _
| In the planning stages of the research, a decision to sample one lake only
was made. However, during the field expedition, a complete sequence of deposits
was r(;trieved frop two lakw: After preliminary pollen analysid~Nit was decided
that one lake sit.e_ be used to inwestigate the entire Ho}ocene pollen record and the
other be studied to provide additional data on plant recolonization during the
early Holocene, - C : - .
3.1 Objectives . | S Ty
- - (i) The pnmary objective of this study was to invo;s.tigate‘ the Late : |
'Qﬁate;nm vegetational histofy of the northern Baie Verte
Pgrﬁuﬁ?u]a. 'i‘his involved traciné the nature of changes that s

occurred in the vegetation from the initial colonization thrd¥gh

to the present-day formation.
(ii)-Ancillary objectives were: .
Vegetation: " ) B '
! . ” -
.- (1) to determine the arrival of the main arboreal species using ~ 2 )
N . A .

pollen concentration values and radiocarbon dates; and to

compare the arrival of these species with thar—ﬁrival at

T otKer sites, from previous studies, in an attempt to *

establish migration routes,

\ . “ o
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;- (2) to sscertain the order in whiclf species of Picea and i
;( Belula (in terms of ‘tree’ and ‘shrub’) arrived in the )
- ares, .
. (8) to discover whether the range of Pinus resinosa was more
- extensive in the past, i.e. whether the species’ present
C distribution (see Fikure 3.1) represents a relict dis}tdbution., .- ' 7
< o ' ' R 4
v Climate: - - ‘ ‘ g : L ) Yoo
~ ~ '.' - '
I - " (1) tosttempt, by interpretation of postglacial vegetational . s g
"’ ' changes, to determine thie sequence. of ‘any climatic c‘l'mnga.
o and place the climatic history of the area within the g
° regional (Atlantic) framework, .
S o ~
- (2) to investigate the early stratigraphic sequences and pollen o
trends in order to identify any.late-glacial climatic
oscillation similar to that recognized by Anderson (1983)
and Macpherson and Anderson (1085).
g Deglaciation: - . | o -
-‘_L; (1) to analyze and radiometrically date pollen assemblages
. . ' .
51 from the basal core segments in an attempt to determine . -
7 e ' s , .
v } S the timing of deglaciation. To reach this objective the
RS following criteria had to be met: -
s - ,
- -
) .-
4. ) . - ) :.'
Nty ”..- P z
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5 ‘ (a) the sites are above the marine limit
ff L (b) the basal dates are early for northecentral Newfoundland
(¢) the pollen assemblages of the dated material indicate
i an early stage in the development of the vegetation
A (Macpherson 1982a).
o Late Wisconsin [ee Extent:
( (1) Alternatively, it was proposed that were the lake cores to
i provide basal radi§§rb,o.n dates significantly earlier than
G > . :  those of the north-central coastal terrestrial site (Macpherson ~~~
b ' . - . -
7 _ \ & Anderson 1985) and the Halls Bay Delta site (Tucﬂr 1074),
B e it would be possible to confirm-the hypothesis of limited ice
\ in thetarea as-proposed by Grant (1977b) and Prest (1084).
¢ :
e

ﬁ 4 h

4 3 ‘

: : )
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\CHAPTER 4 METHODOLOGY \
4.1 Field Work | ‘ .

(1] Site Selection
Several potential lake sites on the Baie Verte Peninsula were selected from
1:50,000 topographic maps and colour air photographs basgd on their accordance
- with the following criteria: '

(1) above the marine limit, ie. sibove 75m (Grant 1080).

(2) within 200m 61‘ a road, for ease of access.

" (3) no through current, to‘avoiZediment flushing ;nd
redepo;;ition. .

(4) with littoral sediment, as those without are likely to have -
=

"strong',. temporally variable patterns of sediment fo ssinﬁ'
(Davis et al. 1084, p.288).

(.5) preferably small, and with a régular basin mdrpi:ology,
to minimize £he effects of sediment focussing.

(8) an area free of carbonate-rich bedrock, to avoid

“
+

contamination in the tadiocarbon asssy.

‘During field investigations in June 1084, two lakes (Compass Pond,
50°02'03*N 56°11'47*W and Small Serape Pord, 49°59'59‘N 56°05'17°W) were
chosen a3 sampling sites. The remaindér were eliminated owing to difficulty in
access, possible disturbance of Qediments (due to rec'entl roaﬁ or powarlilne
con‘struc't.ion near the lake margin), or water depths Peyo’nd the range_o\fri.he |
co‘r‘ing equipment. The despest ﬁarts of the sampled lakes were located with a S

plumb line. At both sites, i:owever, the greatest water dept:h exceeded the total ’ ”

:
| ,J\ | | %
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. length of the coring equiptpent, so sampling sit;ﬁ wer;e located near the lake
centres within the range of the equipment.
[i1] Coring
he lakes were sampled {rom two anchored boats bc;lted together with a
platform thron’:gh which coring operations were performed. A modified -
Livingstone piston corer, l_'e‘trie.ving core sections with a Sem diameter and Im
lenktlg, was used. A beavy plastic casing, extending from the platform to the lake

floor, ensured the vertical thion of the extension rods and coring tubes down

through the sediment. : : < _ /. -

Duplicate cores were retrieved from each site; one to be used for loss on -
.ignition; the othex for pollen anajyﬁis and radiocarbon dating. To ensure 3 high

.t y . ' .
degree of correlation between the cores of each site, the second core was obtsined

Y
[N

from within a metre of the first. Seven sections were collecteqd for each of the

. Compass Pond (CP) cores. ét Small Scrape Pond (SSP), the first core had four

v

sections, and the second core had three sections, ' -
" Yhe cores were extracted in the field, to ensure that complete sequences had

been obu{ineé!, and placed in cl?an, rigid plastic troughs. The troughs were -

labelled, then plugged, sesled with plastic wrap and aluu;inttllm foil and

zrmborted _bdrizontally to (e laboratory for analysis. ‘Cor.n;)rdsion of core

. éegments upoﬂ-gxtractidn was minimal (aﬁraging &m) and was adjusted for in _
: x“ . R o~ !

. the sampling procedures. - §

it} Vegetation Sarvey
° A / . , R
A survey of the modern flora and vegetation types in the surrounding

N L ] '
landscape was made as an aid to palaeoecological interpretation. A

Ve
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reconnaissance survey'took}hce durihg the initial-coring expedition. In August,

1984 and August 1985, the sites were revisitedband a more detailed list of the flora

immediately surrounding the lakes and within the drainage basins was compiled. )

L N\ s’ .
Most of the @mtic plants, and taxa oceurring in the herbaceous, shrub and 2 )

/
canopy layers were identified to the species level either in the field or in the

' A4
university herbarium.

4.2 'Laborn.tog} Analy'sis

[ Strntlgraphy —_ . ‘ ’ -
In the laborawry, the surface of the cores were scraped clen.n to hvoid

contamination as a result of smearing during core extraction. .chription of the

sediments iﬁcluded colour, using & Mkunsell Soils Colour Chart, compositién

(gyttia, clay, sand), depfh at which composition change;i, and general consisten¢

(fibrous, firm, jelly). ' ' .
(i) Radlocarbon dating — .

Core s;gments with a vertical thickness of S5em were extracted at intervals
along the cores and dispatched to the Geological Survey of Canada for =~ - "
radiocarbon dating. Since the initial object of the Stl‘l‘dy was a'nal_ybze one site,
it was decided that only the CPII core required several radiocarbon dates.
Samplmg was guided by (a) chmga’@ sedunent composmon, and where these did
not occur, by (b) regular intervals. One sample w%ken from the basal clay-
gyttja (540-545cm) in order to determine the munmum’ date of deglaclation A
sample from the transltxon from gytlja to clsy~gyttja (435-440cm) was extracted

in order to calculnte the sediment nccumulation rate of the clay-gyttja layer. Five

-other seetions were extracted at reguilar intervals in the gyttja permlttlng

“calculation of sedimentation rates and pollen lnﬂu§\ '

.
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Of the SSP cores, bnly‘ one exhibited a complete
. a - )
- basal Sem of organic material (282-287cm) of SSP II was radiccarbon dated to

ence of deposits. The

~ determine the timiog of deglaciation of this site and provide a better control on

the!ba.eal date for the CP cores. The basal Sem (315—32d|cm) of \SSPI was also

¢
radiocarbon dated. _ l
% '
. i) Loss on Ignltlon : : ‘ ) 5
\ - o Loss on lgmtlon analysis was performed on samples of the duphcat.e cores

(CPI and SSPI) in.the fall of 1984 The |gnltlon loss prov des an approxlmatnon of
the organic matter content of the sechment (Benglsson 1979). Changm in the
: gercentage of orgsnic matter content throughout a core is Lequently related to
, terrestial biomass produectivity (ef. Lsmb 1980). ,

Samples of lem vertical thickness were extracted every Sem from CPL. The

L,

e ’ intersample jnteﬁarfgr SSPI ranged from 4cm to 27.5cm. The procedure used
(after Bengtsson 1676) is as follows: k,
“ ) A poréglgi‘ erucible was-inited for one hour at 550°C

-.”‘

v ' in 8 furnace (Sybron/Thertholyne 1400 Electric type),
A cooled to room !.émpera(turg in a desiccator and the
W . weight of the cruciblé(a) wis determined.

| B {2) A sedlmenvsampl: p)rans!erred to. tho crucible and

v

Py

l

|
|

o dNed overnight in anoven at approxunately 105°C.

Farr

(3) The sample was cooled in 8 desiccator and the wei the

N : _(Lq rucible an ngen-drlg pe{b) was '

L

e RENTAN

determmed The mnple was pulverued in a mortar, to

P ' ensure its complets {ff¥%on in the next step, and
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returned to its erucible.

v
(4) The crucible with the dried.sample was placed in a .
preheat‘ed furnace at 500-550°C for approximately 2
/’/ bours. Lids were placed on all crucibles to avoid ash
l losses. Samples not fully ignited were remove;'l, stirred
with a m;tai wire ‘aqnd ;;turﬁed to the furnace.
(5) Al codlisg im adesicestor, the yeight of the crucible A 4;)) !
' and i .EM ___p_e(c) was determxned a o N
The calfmla.tnon lor loss on ignition was: ‘ "F
o ,b -c ‘ , ' ! '
o X 100% .
b-s o ~ - A' L
; “ ‘ | A “ . y | _—
[iv] Macrofomlls ‘ °
Although the cores were not syatematlcally analyzed for macrofossa]s afew - |
plant remains were dlscovered a.nd xdentlﬁed to at least the genus level. ° -r
43 Pollin Anslytical Methods . L. o
[l Sampling and Processing | o © o
Sub‘gg&pla of the CPII core were extracted at 5cm intervals. Pollen *
anLU of thﬂom howaever, was undertaken ﬁm at 10ecm mtervals to see |l
dléplmilgrltnes between adjaceht samples warranted closer sgmplmg, Closer 1 .
aamplmg was perlormed throughout most of the clay gyttja layer, at the base of _
the gytbja layer, snd at several leveh at which cextaln tus poaked It was B
" decided that a.nnlysis ot t.h&SSPn core won'd provlde mtmg compuisan of - \
eatly vegetation stag and migution of lmpprtant taxs.. Therefore, only the L - 1
basal portion of this core (from 180 - 287cm) was mnpled tt intervals of 5-[0cm . S ;"
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"« The standard method used for cgncentrating pollen in sediments (Faegri & -

Iversen 1075) is outlined below. .
(1) 10% KOH (potassium hydroxide) treatment to deflocculate
! .

" and remove humic acids - KOH was added to Iml
sediment samples which were then heated to boiling in a
ater bith, strained through a Gooch crucible to remove

coarse Ofgnnic debris, and rinsed-with distilled water.

(2) Acetolysis to digeat cgllulose - samplw were first,
wnhed in gl:cial acetic acid. This dehydratm the

Jnaterisl since the next step is exothermie. Mstenal was -

acetolysed in 8 mixture of acetic anbydride

(CH:,co O) and concentnte.d sulpﬁunc acl({

(H2504) and boded s water bath for 5 mmutea, .
"then washed with glacin.l ncetlc acld (to temove excess ]

H,S0,) md given severa.l rinses-with dj!tn]]ed | . A

i \

o ° water. . . J
) (3) Suunmg and deﬁydution - safran‘in w.u added to the =
" }‘ polleni!erou; residue and It.h; material was dehydrated . '
with urtlsry b}tyl aleohol‘ Stumng facilitates the
dhtlncﬂon botween pollen jrains md other material o .

¥

and i increases the contrast o‘morpholog-ncnl details.

(4) Mounting - the nuten;l wap mounud in silicone oil.

This mounting madium 'hu several advantages ipcluc_ling
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a low refractive ‘u;dex proving good contrast for visual
‘6bservation; the possibility of -rotating‘grains for
i easier identification, and does not appear to cause
swelling (Aﬂd@en 1085). .
Samples that had a hngh minerogenic component were proceased with
hydrofjuorio acid. The treayt‘nent, inserted after the KOH procedute and prior to

'is, involved boiling the sample first in HF (~4.8 % solution) and .then in w

dilu'tg HCl in a water bath, each for S minutes, to remove siliceous material. .

. For cl{y-nch samples, both chemical and mechanical treatments were

employgi The former, inserted prior to the KOH procecs, consisted of washing
the sample several tima with a 5% sodium pyrophosphate (Na,P,0,) solution,
and decanting the liqi;lid be-tween t\'.vno Seékers during the last wash to remove ’
sand particles. The latter.treatﬁlent, inserted after acetolysis, entailed
reauspendix;g the sample in Natho;, and -f_iltering cla‘y particles through a 7 ym
mesh screen (Cwynar et g 1679). o - B

[Il‘] Absolute Pollen Ext‘ruﬁonll‘{iﬂhnlque K

} ‘l‘he foregoing section allows lor only the ‘relative’ frequency, or the

percentage of each pollen type to be def«'ﬁ"mined To permit the calculatiop of
-.psolute' pollen frequencies, so that abundances of foasi} pollen types are .
_independent of each other, an exotic marker grain method was employed. A
measured volume of a suspension of exotic 1'>ollen (Eucclypiua) of known

-

concentratlon was added (o the lml ndiment samples prior to procemng enabling

the,determmstlon of touil pollen concentration (grains,cm ) as follows:



Fossil pollen counts .
X added pollen concentration _ -

’ ‘ Exotic pollen counts . » )

and, together with sediment accumulation rates, as determined by successive
radiocarbon dates, the annual@ollen deposition rate, or pollen influx v

(grains'cm‘g"yr'l), was calculated as

a » . A
Fossil Pollen Concentration X Sedxmentatnop Rate .

[tit] Microscopy —
1 ~ .
* - Pollen identification and count‘i}g wag-performed over a seven month - °

period. A Carl Zeiss JenxA:Laboval' 2 binoculas rgicroscope was usged at a total

- r}xagniﬁcation of x800, using a x40 objective, with x12.5 oculars and a binocular
‘ : . o ] ) , . )
' ‘inclined tube factor of x1.8. The initial counting of grains at this magnification in
. ‘ | \
samples from the clay layer of CPII proved to be time consiiming even though the

sediment volume to exotic suspension ratio was adjusted to take into account low
pollen concentrations (500-3300 grns'cm‘a). Since these samples contained little

~ . extraneous material to obscure pollen grains, the levels were subsequently scanned

at a magnification of x200, using a x10 objective. Examinations of rare and
difficult grains were made at a ﬁmgnification of x2000, using 8 x100 oil-immersion ,

' objective. Grain measurements weré determined using an ocular miéro;rkter
.. ‘ Lo . . .
) scale, with one division egualling 1.5xm at a total magnification of x800:
T -
- Traverses were made at regular intervals of 2mm across the microscope slides

avoid bias caused by the differential movement of grains of various sizes.

L 1 -~

4

[tv] Pollen Sum ‘ . » .
- \ . . ' s
Pollen analysjs involves a sequence of sampling. A sample of the lake

o . sediment is taken by coring; samples within the core are-selected for processing;

L4 B



\ | o .
next, samples of the polleniferous residue are mounted on microsgope slides. | . {
Finally, the palynologist must decide the number of pollen grains to count to
provide the representative proportions of grains settling on and incorporated into
the lake sediment. ~ e

The selection of taxa included in the pollen sym is based on the members of

{
the population under study. Siice the purpose of this research was directed not

excjusively at the l'r.')rat: history but includes the sequence of vege'tationnlxchan'ges L
. 4 | -
following ‘colonization, the pollen sum chosen comprised -shrub and herb (including

Cyperaceae) as well as tree pollen. This group of taxa was regarded as

»

representative of the regibnal pollen rain. The percentage frequenoy of any taxon, °

e.g. Picea, within this land pollen sum (ELP) was calcu]ated as: o -3
LPicea . — A
—— X 100 _¥ .

‘ZLP ' -
The percentage frequency of any other group namely spores, aquatics,
Pediastrum, indeterminate, and unknown, was caleulated by adding the sum of
- the land pollen to the sum of that group, for example, ZLP + L‘Aquiatics, thereby
precluding the ﬁossibility of any taxon reaching over 1007 (Birks & Bitks 1080).
The number of grains cotated is dependent upon the number of taxa i a
' sample and enougﬁ_\grains should be counted to maintdin constant percentages of -
the pollen sum (Birks & Blrks 1980) A minimum count of 300 gnms, based on
previous studies in Newfoundland (e.g.. Macpherso\n\& ‘Anderson 1085), wﬁs judgod
as a reasonable pollen sum for this nttidy. However, in order to attdin this sum
{ for the basal minerogenic samples, it was calculated that over 30 slides per sample (
e - would ;equlre scanning. l.t was therefore decided-that counting extra lovels rather C

-~

than additional gxailm} per sample would be more profitable. ' );

- . - P . .
- . S S g o .. . i ! . . . ! AN S
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. Inthe gyttis layer of CPII- (0-440cm), the pollen sum of 300 was exceeded
by an average of 48 grains, requiring the scanning of gbproximately 3 slidfa per ,
level. ’In the upper @rtion of t'ha clay-gyttja transitio:.x- (440-505cm) the ;‘ollen »
sum averaged 311 grains, and approxfmately 4 slides per level were seanned. In
the {ower portiog‘ of the clay-gyttja (505-545¢m), pollen sums averaged 111-grains,
requiring approximately 6 sli'dea per level. 'h the clay layer (545-620cm), _pollen
* sums &raged 40 grains, requinng appréximately 6 slides per level.
[v] Pollcn Dlngram Constrnctlon

(1) Pollen diagram format . _ - | ..

The me.in recults have been: presented in the form of pollen percentage, '
" concentration, and influx diagrams. (Chapter 7& Appendb:) A similar.format was
used for nll the dlagrams to facilitate theu- comparison although not all the taxa |
appeumg in the percentage and cqucentration diagrams are included in the mﬂux‘ ‘
diagram.. The POLSTA Computer-graphics program qu en’{ployed for data -
manjpulation and diagram coi}strnuction: although pollen percentages and
concentrations were determined prior to obtaining'the computer package, - 1
radiocarbon dates and sample levela were read into the program,(elibhng lt‘ to
calculate sgdimentation rates and influx vnluea -

On the far left pf the diagrams {se_e Fig'uru Al, A2 A3 A4, A.5) are
shown fhe radioc.:‘arbo;: dates (ix_: corree"ted‘ \mdiocarbon years BP) and the - o
gundud-devin?toﬁs. To the right, .the sediment litinolog'y is represented |
schematically, with descriptions at the ba;e of the ,dia‘grafn. Adjoining the
lithology columkare depths of the core segments The depth (in ‘¢m) below J _ '

of

surface from which nmplu were taken for pollen analysis is shown to the ri

- . NI
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*the core segments. Individual curves for pollen and spore typesidentified u‘;.
given next and drawn to a standard scale. The occurrence of rare elements (e. g‘
Eptlobwm) is dmgnated by a letter, the code for which is given at the base of the
dlagramx This main part of the diagram is dmded into phyanognormc categories:
trees, shrubs, herbs, pteridophytes, aquatics, alga, with indeterminate gnd
unknown tormiﬁg separate categorim: The categories are organized inl such a way

. that those taxa occurring most frequently througfmut the proﬁle}re g'rgupgd at -

woos the left.” The except.ion is Betuiq which, because its pollen may- be of ‘tree' or

ordering of taxa wnthm dategc’ia is alphabetnc thh related genera grouped by | ‘

_ family. -
-~
To the rnght ol‘ these curves on the pollen concentration diagrams are two
\columns of figures: the first is the pollen sum (ZLP) and the second is the total
number of pollen grains and spore types ideut.lﬁed (.':taxa)

" On the far right of the dlagrams are shown the results of the nnmencal

Zoning program, CONSLINK, together with the local pollen zones: the zonation
procedures are described in the foilowing section.
All t'hree types of diagrams, viz. percentage, cox;éentratié)n and influx, are
presented in thm study becauae a different set of‘{formauon can be ehcnted lr'b't'n ,
| each of therd. Pollen percentage dmgrams for example, indicate the ta.xa present |
| and compomtnon of plant communities yet,'by their vlery naturs, do not reguter} )
changee in plant abundance. Pdllen inflﬁx ;liagmm,-on the other hand, can

( : provnde mformmon on the lbsolute abundmce of mdmdqd taxa and vegeution

. density (Davxs & Webb 1675). But pollen influr dxagums are also subject to

~y . . . Lo . S f e CREE PRGN
. . . PN . . NN . o [N L | o e e Yty
[ TR .. L . - AT A T . v e e N N I A TR VT KLUy SR U (LR

‘shrub’ origin, is _placed on the far left of the mdmdual pollen curves.. Further - L L *, '
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. 4
misinterpretation if sedimentation processes are overlooked. For example,

sediment focming.may cause misleading ci:angu in poilen influx without parallel
changes in pollen concentrati%n. It is primarily for these reasons that all ti:ree
~ diagrams (at leﬁ's‘t for one lake site) are presented. The construction of other
+ diagrams (e.g. age/dep;:ix durve, loss-on-ignition)‘are deseribed and éxplained i‘nll
the appropriate chapters. '
" & (2) Pollen zonation
“To facilitate the deacription, comparison and interpretation of i}ollen
se;]uencm, the pollen di.agrum h.av_e been divided into pollen zones (and.‘subzoIan) N
"" here defined as'/'a bod} of sediment witﬁ a consistent and hdmo'g:anedhs fossil
pollen and gpdre‘contqnt that.is dis'tinguished'from adjacent sediment bodies by
-I differences in the kind and frequenclia of its -con;aiﬁed fossil pollen pﬁm and

s -
spores® (Birks 1973, p.273). These zones are, more accurately, pollen assemblage
zoné%-that they are *named from one or more taxa particulagly prominent or
diagnostic of the assemblage, althou:gh name-givers need not be ponfméd t_o_zh.e‘

- zone or found in every part of it® (Amer.Comm. on Stratng'raphlc Nomenclature

lake sites and are, as auch site spectﬁe and rel’erre{l to as local 20nes. Certain
similarities betweag the sxta have been identified, enabling a regional pollen
zonatioh to be prpposed for the study ara\ M ’ ' ) ' i ' .
v Pollen 20ne boundaries were located initially By visual inspection of the = -~ *
pe'rv;entgg'e diagrams and were sﬁbs;qnentfy con'ﬁrmed, for the most part, By*
| results of a numerical z?natioi procedure, CONSLINK (after Birks 1679; revised

by Mahet n:d. and pers.comm.). CONSLINK is a constrained single-link analysis

1081, Articlo 2l(b). )3 658) ‘Pollen zones have been dehmxted for each of the two L



\data, these included Bctula Picea, Abies, Pinius (tota.l), Alnu j Corylond Myrica,

o

~ and the results represent the values a*t which the levels are joined together in a
dendrogram: the lower the vo:lue,‘the more 1imi_lar are the le\;;ls (Birks 1979).
Maher’s revision of the prog'rz_m; \(Iiiffers in that two routines ha\;e been producgd:
the first, CO . MIN, is based on that of Birks and ti o: the most similar
item after the ﬂﬁrst; the second routine, C:ONSLINK m, is per psa more
rigorous test of similarity in that the least similar item is tied on after the first.

| With this program, it is standard proéedure to_include (a) only pollen and_
spores of ;on-aquat'u; taxa, ‘a{uj (b) onlx?those pollen and sporé whose value

attain at least 5% of the basic pollen sum in at least one level in the profile (Birks

1979). Up to eighteen pollen types may be handled: with the Compass' Pood I

Ericales, Juniperus, Saha:, Gramineae, Cyperaceae, Ambrosia, Arlcmma
Compositae, Sphagnum, Lycopodiun), (total) and Filicales; with the Small Scrape
Pond _d.ata, the following twelve iaxa were considered: Betula, Picea, Pinus
(total), Alnus, Coryloid, Myrica, Juniperus, Saliz, Cyperaceae, Artemisia,

" Lycopodium (total) and Filicales.

[vi] Pollen"and Spore Identification - . v

-

9 Interpretation of the fossil pollen record is enhanced with the identification-

of pollen grains to the species level. In Newloundland, this is particularly true of » v .

the genera Betula, /Pt‘cca and, to a lesser extent Pinus, the species of Whicj are

ﬁ:dichtive' of particular egogystem.s (?.g. qu&lsbgtundra or boreal fore_s't)l And‘ _

ecological éonditions. (e.g;. acid or alkaline soils; w’etlahd or upltluid sites). fn many
insta.nc'es, however, the morphological aimilarity of members within a genu;,:;nd

indeed within a famlly in the case of many herbaceous taxa, often precludes ‘ /) ‘>

identiﬁcations to a lower taxonomlc level

/
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In this investigation, pollen and spore identification was primarily to the
genus level. The determination of rare ﬁd difficult grains ‘wu.s\?acilitated by
reference to several ieys (primarily MéAndrews et al.1973; Fae“ i & Iversen 1975,
Moore & Webb 1078; Andlrew 1080) and a reference collection’of over 200 modern
samples. :Jertain taxonomic determinstions are describegdybelow:

Betuls

Several 'tree’ and ‘shrud’ species of the genus Betula occur in

l\fewfbundland. Morphological evaluation of Betula grains is not a suitable

method for determining their parent source. Howev—e/r, previous studies have

demonstrated the possibility of uéing grain diameter and grain diameter:pore

depth ratib in diffe‘rentiﬁting groups of species (L'ebpold 1056; Clausen 1962; Birks

" 1068). A recent study of five Newfoundland species of Betula (Dyer 198})

_ indicated that it is poasible, on the basis of size-frequency curves, to distinguish"

‘tree’ birch from ‘shrub’ birch species although an overlap exists. The diameter of

B. papyri fera and B. lutea grains ranges from 24.5 to 35um, whereas the diameter

of B. pumila and B. mt‘éhau{:‘a’ grains ranges from 18.5 to 26pm. In addition,_fhe

_di}:h:etet of B. cordc‘fol{a extends from 20 to 34 ym. Following that study; thirty\

fossil birch grains were measured from‘li_l_pyels from :CPII and from 3 levels from

SSPIL - Grains below 20um uel classified as ‘shrud’ b'irchx Becaus(; of the

" overlapping size ranges, grains in the range of 20 to 26,m may have come from

either arboreal or shrub soluces.
Plcea
Both Pieea mariana md P. glauca occur in Newfoindland. ln the study by

Dyer (1081), the application of the discriminmt analym method of Birks and "

. ) | C " .

.
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Peglar (16880) to modern spruce pollen from Newfoundlang demonstrated the

possibility of distinguishing these species (see Figure 4.1} The method involves
\

three stages of identification: first, the discrimination of modern reference

material of known taxa is made; second, the fossil grains are assigned to one of
- r
, L
.the reference groups; and third, the fossil grain is appropriately named (Birks & B}

Peglar 1930). In the present study, the method of Birks ajyl Peglar, empioying a
u/lodgrn pollen data set from samples collet;ted-in Nevﬁo‘undlanél, was applied to
twenty fossil spruce grains from each of six levels of CPIL. Six quantitative
variables were mt;&:iured fc;r'each grain ttotai gram iquth, corpus:bre'a'dth, c::rp’us
heﬁht, saccus width at base, saccus height. snd mgxi_niﬁm saccus breadth) and a
linear discriminant analysis was applied to the data. By measuring these
variables, the position of each fossil grain on the discriminant function (sea‘l-‘igure

7.5) was determined as:
RI = x\{ + Xphg.Xghg

\ wherg,

R is the position of the fossil grain-on the - - ’
discriminant function. -/
X, Xg &7€ the variabl '

Apedg BTE the discriminant function coefficients }
as given in Birks & Peglar (1980).

During the analysis, however, it was noticed that, because only whole grains - ~

positioned in equatorial view were used, the method may involve a morphometrigd
! ‘ \ ,

bias. “That is, smaller grains n{?»be‘las likely to crumplersand are easier to rotate .
: . o

« than are larﬁer grains.
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.' deterioration (particularly in the basal samples), concealinent (by foldec[ bladders

. or extraneous matter) or inability to rotate grains to the required position. These

. Because of their morphological similarity, n:o_ attempt wds made to{differentiaté -

b

55°

Pinus ' o
. . -

Two indigenous species of Pinus oceur in insular Newfoundland. P,
atrobus.occurd throughout most of- the island except the Northern Peninsula, but
P. resinoaas limited in its range to central Newfoundland (sensu Damman*
1983). A prélimi.na_ry examination of modern gollen of these species indicated the
poaaibility of their differentiation. In P. slrobus, nodules occur on the surface of -
the grain between the.bladders whereas these features are gel;erally absent in

grains of P. resinosa. Positive identification is not always possible due to K

—
-

grains were entéred as Pinus undifferentiated.
Alpus
_/-‘-" .
- Both Alnus rugosa and A. crispa grow in the study region. However, no '
morphological characteristic nor size criteria have been found which adequately
distinguish the species (Dyer 1981), and the two were not differentiated in this
study.. : : ' - -
_ »~
Coryléld .
This category includes any triporate grains that due to deterioration of the.

pore structure could not be unequivocally assigned to, for example, Belula or

"Myrica. R

Rme;- ‘

These trizonocolporate grains include species of Rumey afd Ozyria.

between the two genera.
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Lycopodium .
Six species of Lycopodium were identiﬁea, namely, L. annolinum, L.~ s

elavatum, L. complanc;tum type, L. lucidulum, L. obscurum and L. aelago. Their -
differentiation was based ﬁrin;a:ily on type of sculptering, size of laesurae, grain

shape and pruence or absence of noda (cmc:}ndrem et aL 1973).

' Fillcalea o

Filicales includes all monolete, bean-shaped spores, that have a smooth
. . N - ) [}

surfaceand no  perine, of are-detetiorated. Sporesin this category may belong to . .

/.’—\—

any of the Iollowing genera: Alhynunﬂghplenium. Cyslopteria, Dryopteris,

Onoclca, Polypodmm, Poly{l:chum, The. yﬁ!m‘o and Woodssa.

Indeterminable . . : R -

Pollen grains and spores in this category include those which cannot:be ,

" confidently assigned to any taxon because of deterioration Q. corrosion,

) -
Unknown , _ ‘ ‘ ‘ '
L A

Pollen and-spores that are well preserved and possess distinetive features

breakage, crumplmg) or concealment (by extran,,us‘matena

. but for which no positive identiﬁcation can be mada are included in this category.

4, 4 Aggrouhg to Vogetatlon Rocomm'nctlon

The mterpretatlon of the fossil polien record begmhth the determmatlon Y
of the taxa present, and their abundance at sequentlal levels (time penods) in the -
sediment prdfile. Past commumly reconstructions are then attempted using this
information, Wlth the exceptton of one approach utilizing du-ect. evidence (e.g.

-

presorved communitiu buried mtact 8aa. ruult o{ a sudden catastrophe), thé

methods of reconstmctmg past plmt communiues must be mferentxal by nature

Wy .
5-
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The most ;r(i_dely adopted api)roap;ha in Quatemary pollen ‘studies are based on
the ;use of modern &naloéuwA pr&en}-day _models extended ‘backward ip timg.
One pf these approaches involves the use of ‘indicator species’, defined-as
*morphologically distinct.ive r,;o'l]en and spores of taxa of na;'row ecological or

L

socxologxcal amplitudes today that are chgmgcteristic or dlagnostic of parficulnr

,r

present-dsy plant communities® (Birks ‘.- )

5y ©

: .283). The method assumes that no

~

significant change in the ecological re YOl ments or sociological affinities of the

taxon involved has occurred tbi;;)ugh time. Pﬂéwecological recongtmctions are
best made using & group of taxa of sifnila'r.'modern p;éféredca.rntlie!r thap'a ‘
sinﬁ!e,tali(on. W;hereas a change in®he e&ological aﬁplitude of a spec-ieo .c{mubt\b;e
telted, it is less l‘i-kely‘ that the requirements and behm.:iour of a gtoul;-of taxg
occupring together would differ significantly through time (Birks & Birks 1980).- -
.Another apppyach employed in the reconstruction of past vegeiation types is
baged on the corpfarison of fossil polle'n sssemblages with modern pollenﬁ_‘_\

‘ &
a.ssemblages which characterize distinet vegetanon typm When the compatrison’is *
ia —

success{ul, lt. is assumed that the vegetation which produced the fossil assemblage

. resembled that prodﬁ«:ing‘2 the modern- assemblage. When no match Betu’fgen fossil

and contemi;rary pollen membl‘ag'a can be made, it must be' concluded that

~N.
elther the surface sample coverage i3 inadequate or there is no contemporary

b

equivalent for the past vegetntlon (Lamb 1084). Prevxous research in

Nuwfoundland (e.g. Mellm 1981 Macpherson 1982b) has demonm‘ated that the
use of the comparative approacli is'noj\nlwa% femble duo pritharily to the
pnucxty of local studies of modera pollen-vegetation relationships .and the poor

representation of certain tuafn the pollen g'_aiq. This Iatter problem has been

) . F

s

- 1 H
2L P



xteut.ed by numerous researchers workmg in the provmce For example, larch
(Lariz lancma) is common in low productwe forests in the northern AValon
'Penlnaula nren’(Macpherson 1082b), yet its poorly preserved pollen rarely shows
up in the pollen record Similarly, Jumperua communis and members of the
heath (Encacea.e) fa.xmly, including Lcdum groenlandscum and Vaceintum, are
vastly underrepmented in modern po!leu spectra (Mornson 1870; Mott 1971)
deenng th?diﬂerentlntxon ol\ vegetatlon types. In addition, Cladonga, an
important constituent of open hqhen woodlaad ancl‘_‘e maullﬁcomponent of hchen
henth 'vegetation types, which t‘ogether cher large ;re)s\inlLabrador and to a
lesser extent in Newfoundland is not reprmented in the pollen record. Such
‘blind spots' &the greatat cause of dlﬂicultx eneountered in dlstmguxsblng the
boreal woodland and forab-tundra zones. As yet the most rehable method of
distinguishing the two zones Is on the basis of total poll'en influx. . .
’ The, provenance of modern surfsace samples constltutes another limitation to

‘tbe use of the comparative approach in this region. Wl:ereg most fossil spectra

are derived from lake sediments or peat bogs, surface samples are obtained from

" ~

moss polsters in addition to bogs and lake ﬂepdsits. Modern pollen spectra from

moss sarfaces sre generally overrepresentative of local species. Lake sediment
£ i
F ’ . . i *
. spectra, in contrast 'comprise a mixture of pollen from all surrounding

. communfies and tend to characterize the regional pollen ram (ng) et al 1978) ‘
PN

Therefore, based pu the expenence of prevnous atudies in the regxon a

variety of hpproachu to vegetatx,n reconstruchon has been employed in this

- study, namely the comparative eppronch using polleu percentagm and pollen

influx uluea the usg of indlcator species, and reterence to published
. mufprmtlons of other fossil ‘pollen assemblages whach lack modern analogues.

h
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CHAPTER 5 REGIONAL SETTING , \ =S

5.1 Loeation o _ - re §
Q N -

The Baie Verte Peninsula (formerly the Burlington Peninsula),

\

AN

aﬁproximately 500km? in ares, is located in northeentral Newfoundland and 7
Qrojects northeastward into the Atlantic Ocean (see Figures 5.1 & .‘z’.}). Itis i‘/
bounded to the east by Gre'en Bay and Notre-Dame Bay, and to the west by i
White Bay. I-‘Hibbud (1983,1984) regards the peninsula‘s?soutwn boundary to. be
the' major fault-controlled valley -connecting Southwest Arm (49°34'N 56°10‘W)
of Greén Bay with Bu-cby Lake (49"17 N, 58°55'W) Three smaller penmsulu are
contained within ,vxe Bme Verte Penmsula, namely the Cape St John Pemnsula
in tlae northeast the Point Rousse Pemnsula between Ming's Bight and Baie
Ver’%e -and the Fleur de Lys Pemnsula between Baie Verto and White Bay -
b. 2 Geolon ' o : R \ |

. Strong (1984) suggaté that the geology of the Baie Verte Peninsula (see\‘

Figure 5.2) has received more detailed study than any other part qf the province..

This interest reflects both its economic and academic imbortance. The %eninsulu
. . . B ¢

has great mineral potential, and the exploration and production o this resource

‘ has continued since 18684. Indeed, it appears that far earlier than this (ca. 2000

yrs BP), the Dorset people utilized the soapstone deposit at Flour de Lys (Nagle

1981). In addition, the position of the peninsula at the boundary of the ancient

| ~ North American 'cont}nenf and the [apetus Oc?n has provided a testing ground

for the-applicﬁtion of plate tectonic theories (Hibbard 1083). .

A detmled repon on the geology of the Baie Verte Pemmuls has recently - ¥
been publuhed by bebud (1083). It is’ lqgely from tlih source that the following

y _ ‘ ',

puagnphs are derive;l
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MIDDLE ORDOVICIAN — DEVONIAN
|-' | Mixed silicic and mafic volcanic rocks,
' sedimentary rocks of post-arc affinity
(Cape St. John, Mic Mac &
Springdale Groups )
LOWER CRDOVICIAN
- - -| Volconic and sedimentary rocks of
- island arc aoffinity
(Pacquet Harbour, Snooks Arm 8
Western Aemn Groups )

v+ « v, Ophiolitic basalls, dykes and gabbros

(Advocate Complex, Pt. Rousse Complex,
Betts Cove Ophiclite 8 Lushs Bight Group)

m Ultramafic and associcted mafic rocks

PRE - LOWER ORDOVICIAN

TN Dominantly semi - pelitic and psammitic
Ll metasediments with underlying Grenville
basement

INTRUSIVE AND OTHER IGNEOUS ROCKS

|*.""l Granite

« « | Diorite and gabbro

[
I

]

Dominantly quartz - feldspar porphyry
@ Reddits Cove Gabbro
*.*." Dunamageon Granite

/1 Cope Brule (quariz-feldspar} Porphyry

i

Burlington Granodiorite

X
3

15

Figure 5.2: Geology of the Baie Verte Peninsula.

(Source: Strong 1984)
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- lntnmons The-core of this belt, consisting of migmntxtes, banded gnexsses. .

T 62 o - | !
. e :
The Bale Verte Peninsu!a is situatéd at the northern terminus qf the
Appalechmn geological and physiographic regions. It forms part \of the Atlantic ( '
Uplands Division of the Canadian Appalachian geomorphic regxon;;‘a gently '
' ml;theuterly dipping upland of rolling tergain (King 1072). The hille in the west )
and southeast parts of the peninsula reaeh 300-_3"50m.a.s.l. and the lowlands
between, includin; the Cape St. Jobn Peninsnla. range from 175-200m.a.s.l,
The peninsula is bisected by a sharp structural zone termed the Baie Verte .

Line which trends north-northeast from Birchy Lake to Baie Verte, then esst from

-—

Baie Verte to-Paguet Harbour. This featupe separates two tectonic zones: ‘the- -
I:Iumber zone to the west and the Dunnage zone to the enst. The eastern part of
the Humber Zone, called the Fleur de Lya Belt, repraents the eastern marglrof
the Late Hné!ynlan to Early Pnleozonc North American continent. The belt is .
largely submerged beneafi the Atlantlc Ocean, north of the Bmmrte Peninsula.
‘The aogtheaetern portion of the penmsula forms the Baie Verte Belt and
-repreeents the western remnant of ¢hie Early ‘Paleozoic lapetus Ocean.
Tha Fleur de Lys Belt mmpruu three major Lithic components namely a
local structural ba.nement a dommantly metaclastic cc;ver sequence, and gremtond o
metuonglomerate and psammipc and semipelitic schms, is Hadrynian and
possibly older. 'rhe cover sequence. named the Fleur de Lys Supargrqup, is
* composed of four groups which consist of psammitic, semipelitic and kraphitic, | \
schist, n"urble; greenschist, and amphibolite. Regional correlation suggeeq the . \
mper.grou.p 40 be of I:.ate Hadﬁninn‘-to‘ Early (-)rdovicinnvage. Both the nt;ucturnl
O‘ba'u'ment and cover sequence were post-tectonicalth:nd!d by granijte. )
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The three msjdr elements pf the Baie Verte Belt‘comptis_e ophiolitic suites,

o - .
' volesnic cover sequences and intrusive rocks. The ophiglitic units are Early

Ordc;vician or older and the_ cove] sequences range in ake from 'Early Ordovician
to Devonian. Vario‘us intrusive rocks cut t’he ophiolites and voleanic complexes,
during the Ordovician and the Silurian and Devonian periods. At the southern
end of the belt sedmentary rocks, probably of Carboniferous age, are exposed
5.3 Glncial Geomo:_'gholon ’

’The entire Baie Verte Penitisula was glacmted during, th\\Plewbcene and

most researchers considet the glacial deposits and many glacial markings to be

related to Wisconsin glaciation. However, opinion is divided as to whether these

features (see FigulRy/5.3) are of Late Wisconsin origin (é.g. Hibbard 1983) or older

4

(e.é. Gfant. 107 Rogersbn 1082). i hd

]

(’ }:‘,arly workers on the penmsula (MacClintock & Twenhofel 1940) reported a

. sequence of llll beneath and overlying basal marine clay at the head of Bme Verte

- rendvance at Bay St. George, southwatern Newloundlnnd Slmllarly. deltuc

whtch they clatmed paralleled a sumlnr seqUence mdncatmg ice retrest and

’

depomt.a with basal marine clays and overlyﬁlg }la.clal outwash have been found
near the heads of Southwest Arm and Middle Arm (Neale & Nash 1063). Only -
some'of the observed fossxliferous material has been dated (ue Table B. l)

~More mformatxon is avmlable on the dtrectlon of glacial movement on the o

- peninsula i in the form of st.nae, groov, ro¢hes ?/uwnnea, crag and tail features

S 4
ral, this evidence indicates that.

. . ’ » * .
icq‘ﬁowed northward frof¥ the i’ntorig‘of the dsland and radiated out from}ho .

and drumlinoid features (Hibbard 1083)." In ge

centre of the peninsula (Hibbard 1083). The lowlands between Flat Water Pond
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3 ﬁ o N - Glacial striae and grooves .. - . . .« -« - /

5 f > = 1 Esker (direction of flow known, unknown) . . . .o

J N 'V /’? . MOTEI HMTS L R e ETs 57 i e oo 8 B S Lo (AL, 748
& . Drumlins and drumlinoid field 270
(approximate orientation) . .- -« = &+ o a ._'\,:\i,

Boulder tield . . « ¢ o5« o ¢ o i e n e e ‘:er

Figure 5.3: Glacial features of the Bale Verte Peninsula.

(redrawn from Hibbard 1983).
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snd Birchy Lake served a3 an ic¥ divide (Neale & Nash 1663); to'the east fce
flowed to Green Bny, and to the west ice ﬂow_red to White Boy.L ' Lundqvist (1985),
in describing sets of intersecting striae on the 'pen'msuia, snggmted that the !’mer
‘and younger stnae resulted from locsl movements within a stagnating ice cap
w ) , Supporting this t.heory‘is the occurrence of- hummocky ablation* moraine nn
lowland areas between ‘Ssndy Lake and Flat Wnter Pond (Lundqist 1985).: ,
According to Hiblonrd (1983), the majority of boulders in till Syarlying Inrge
.. .

granitic bodies is denved from local sources. El-ratncs from the central ultramaﬁc

belt have been found west of Black Lake. and en.st to Southwmt Arm (Nea!e &~

Nash 1963), and ntteat to the concept of a- central ice dmde In contrast a.n

-’

T o tlc dtscovered on'the west coast, near Shoal Pomt has no local source and ..

~

may have dngmnted in the Long Rnngn Mountams or in Labrador (Hibbard 1083).
SR _ .Emergence features around the coast of the penmuln are indicative of

postglacial uplift. 'Phe hlgbat rectrded raised shorelme is s gravel terrace at Seal,
o ‘.

Cove, White Bay, at 85m (Henderson in Nenle & an!‘f 1963).

r‘ N
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* : | Orthic Hupo-Ferric Podgols and‘Gleyeci Hunio-?erric Podzols developed in
morainal materials, are the charaetenstxc 3oils of the Baie Verte Penlnsuln The .
_'I‘!ormer group nke dlstmguhhed by a light grey snrface hotizon (Ae) of . .
approxunhtely 10¢m depth overlying 8 reddwh-brown horizon (Bf) of about 20cm
'depth in which Fe, Al, and organic matter occumulate (Guthne 1081),
The Gleyed Humo-Ferric Podzols are sumlu comprising a thick moss layer

! (Lf) and approximately 10cm of dull grey surface honzon (Aerﬁrerlying a brown
" todark brown horizon (Bfg) approximntely Q&m thick. Both the Orthic and

| Gleyed Humo-Ferrlc Podzols produce fau to good loreat growth (Guthric lOSlr
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Lo In addition, Ortstein Humo-Ferrie Podzols, developed in morainal deposits,
':'I -W
- are found on the peninsula but are restricted’ to the southwestern region near

L ’_ _ Hampden. The properties of thw_e soils are si;nilar to the Humo-Ferric Podzol

+  great group except that the B horizon is strzhgl{ cemented. Because of this

RS S )

hardening, the soils support &ither poor forest. growth or ericaceous shrub

vegetation. Sontl&at of Southwest Arm is a minor occurrence of Ortstem

- ‘ ' Humo-Femc Podzols, developed in ﬁla.clo-ﬂuvml materials, which similarly
R support only poor forest growth (Guthrie 1881). ’
P | 5.5 Cllmate: _ S | '
L 8.5 Climate — s
;5 ‘ Accordmg to Banfield (1881), the Baie Verte Peninsila spans two climatic R
:‘ o . ' .. zones (see Figure 5.4). - The chmat.e of the northern half is oceanic and forms pnrt
:g“ | B | of the East coast and hinterlands zone. The southern half, forms pary of the
* ~ . .« Central lavlands zone which has the most continental climate of the island.
L, - + Tables 5.1 and 5.2 provide a: sun1mary‘ of available climatic data for the region. -
;: : D;ta for the Spﬁn}dnle _station,_ to the east o( the penin:nla, is innlt}_ded to provide
: _ better coverago * S '
3 t The chmate of the nprthern part of the peninsula is inﬂuenced by the cold
é _ _ Labrador current. Southward-dnftmg pack ice i usunlly preaent along the
;*ﬁ-——-; - ,non*ncentral coast unul(l/atm May and can bo present. until late June (Farmer(
' . 1081). Yet the frost-free period is slightly longer in the north, averngmg 97 days
}‘ | | ‘at Baie Verte and 82 days at Springdale (Env.Cds. 1082a). The avamga date for
,‘ . : the last spring frost is June 10th and that of the first. fall frost is Septeniber lgth
L} - ' . at Bde Vert.o whereu Juno 14th and September Sth muk the b mg and end
y of the ftoot-h'eo pe}od at Springda.le (Env Cda. 1082a). In addxtion, night frosts
q‘t ‘ e ' ’ y » '
' cy, T )
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Figure 5.4: Climatic zones of Newfoundland.

(Source: Banfield 1983)
(key on following page)
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, | L Figure 5.4 cont’d
1. South and south-east coasts and immediate hinterlands.
2, Central uplands ‘ *

3. East coast and hinterlands. Less wet than 1 (900-1200mm per year). -
Occasional heavy precipitation with no or northerly airflow, especially
in Gander area. Winters cold with 50- o% precipitation falling as snow; snow
- cover normally continuous at leastthroughout February {longer to the nox{hwat.)

il Cool, late springs mth sea ice persisting until xmd-May. Summers generally warm '
= . and fairly sunny.

Uy ' ~ 4 Central lowlands, Great@:j ntinentality. Annual precipmtxon —
N 000-1100mm. Winters colder and drier than 1 and 2, with 85-75% precipitation
falling as snow; occasional very severe frost (minims near -25 to ~30°C), especially
_ in Exploits and Humber Valleys and near Green‘Bay.  Spring arrives relatively
“earlier in Jumber anlep Summers warm and moderately sunny, with maxima !
often 28-32",0 dnrmg SW-SE mrﬂow Least wmdy and Iea.st foggy area.

- 5. West coast (Bonne Bay and south). - ‘ e
L " 6 Northem Peninsula: - - -+ \ -

- _(see Banfield 1683 for full detsils on each climatic zone.)

‘o &
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. Tible 5.1  Climate Data for Baie Verte, Newfoundland ‘
- . 49°50'N 56°11'W 110m
Jan Feb Mar Apr Msy Jun Jul Aug Sep Oc( Nov Dec Year .
Daily .0
Max, Teip 36 37 00.36 900 165 21.2 108 15.4 03 44 00 76
Daily
MinTemp > "%127-14.4 -9.7.-4.1 04- 54 100 9.5 55 09 -2.6 90 -1.7
: Daily ‘ :
" Temp, - 82 01 -48 -0.2-48. 110 156 147 105 51 090 -50 2.0
| :
Rainfall S .. 304 140 208 24.9 60.2 744 60.1 057 94.4 854 80.6 3290 7008
Snowfall 766 72.7 608 38.6 98 0.1 00 00 00 5.0 300 77.1 380.7
To"l ‘ 4 . . L ) LT - ‘
> Precip. 1046833 820 63.6 600 79.4-60.1 057 044 1007112.0110.1 1064.7
x. . : - . ‘ :
Dayswithrain " 2* 2 3 4 - 10 11 10 12 14 .13 8 3 92
Days with Snow 10 8 10 6 2 o0 O 0 O 1 4 g 50 -
Dayswith Precip. 12 10 11 -10 10 11 10 12 13 13 12 12 138
Degree Days | |
Above §°C 0.1 0.2 0.5 34 410 175.6332.42300.6167.946.0 10.2 1.3 1080.1:
:- . " - - ‘A ' (4
- Unita: Temp °C
i Rainfall mm -
' Snowfall cm
f Total Precipitation mm
’ Source: Canadisn Climate Normals, 1061-1980;
- - —
-"""-" . . '
: EECR
b —~
(: - - %
v, ,
s .
t‘ /
. X . ':_'_,.,—-:'- -"‘:"Tl ‘ _‘ R ',".
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Table 5.2 Climate Data for Springdale, Newfo;xndland
40°30°N 58°5'W 2m——

Dally
Max.Temp

Min.Temp
Daily

N Tcmp. ’

Rainfsll
Snowhli
Tota!
Preclp.

. Dayi with Rala

)

L
Jan Feb Msat Apr Msy_ Jup Jul

-24

: \
<125 -13.4 -4.7, =30 13

=2y

Days with Snow .
_Days with Precip

,,Degru Days .
 Above $°C

Unis: Temp°C ™
« Rainfall mm -

Snowfill cm

879 673

3
7.
)

002

2.6

3.0

. 218 127
572 538

Sy

6
7

0.2

Total Precipitation mm

T Traco amount, l.e. <0.1mm of liquid pteclpimion
or <0.em af seowfall frozen’ pmiplmlon

* amounts <0.8 except zero .

12 8.2

.38-.1.1 63

346817 649 763 T1.6.
41 218 10 ‘r

114 180 22.§

58 11.0

00

717 54.4 604 768 e

3 4
8‘ ;4.
9 8

'

0 a0 ¢
+ g
2 10 9

Source: Cansdisn Climate Nomuh. 1081-1080,

L §

o

AT
XY RN

119 16.8.

Aug Sep
213 16.8
103 5.8
158 11.1
e
926 §7.9
00 00

926 87.9

11 10
0

6 o
1 10

6.1

Oet Nov Dec  Year

18 -2.1

8.0

9.1

]
105.5.4- 02 890

-1.1

1.7 4T 39

9.6.30.4 7182

21 7143 9.7 2442

1017938 8.0 0671

n 8
¢ 2
1 10

« 4

84

8.~ 31

12 6.1 668 210.3366.5 3357185.4 653 163 2.3

\
}

10

‘113

\—*
1256.6 !

T
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4
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.
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often occur in the early part of the-'iegetative season in the south (D_amma.n

1083). . - ' ‘ - B

o

The mean temperatBre of the wermest month is-15.6°C at Baie Verte ~

(Env.Cda. 1082a), butesfhen norttherly mdv ea;terly winds prevall, the notthsrn

area experiences sudden cold spells in the summer (Demman 1983). The mean

témperatur::f the warmest montt at Spnngdale is 16, 8°C*('Env Cda. 1082a).

‘The southem part of the peninsula i is a.lso ondof the least wmdy md least(tqggy
—areas of the provmce (Banﬁeld 1981) The number ol’ degree—days abovo §°C. ‘_

vanm little between the two areas, being slightly over 1200 in tho south wd :

bet\#"een 1100 and 1200 in the north (Banfield 1081; Env Cda. 10823) '_ |
. The appronmate lgngth ol‘ the vege tive season (based on u.hmhold of

5°C) of the Baie Verte Peninsuln 13 160 dayg Durmg thumod the northern

R southern half (15. 518°C) (Dunma.n 1976) The pemnsula necelvm somewhv. leas

q. “- -

~ precipitation than tho rest of the isiand (<1100mm annunlly) (Env.Cdas. 1982n)

and this, coupled with warm summers and high evapotranspnutlon losses

(Damman 1983), makes it one of the dnut parts of the island .
"\

Winters are cald throughout' tho reglon, the mesn tempeuturo of ﬂ_ coldut .

month reaohes -9. l°C at Bme Verte and -8 0°C at $pringdale (Env.Cda 108%)
Undoubtedly the tempeut-yh at tha&statlons are tempered by their position at’

the heads of mlets, and higher inland sreas probsbly experience far lower ©
,“' ' ' . ) L oaa
* temperatures. Theamount of winter precipitation faltiog as siow is similar for

 both areas; §0-70% in the noriband 65-75% ln the south (Banfield 1081).

N

N ﬂlTompcri'tml are grassland nlig'bhud on sweros inversios method | s

}_b. L 8. . . . - R

v .
o J AN T

nd
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However, snow cover peraists for a longer period in the north, and in the south,

[N
‘

very severe frost is occasionally expérienced (Banfield 1081). ,

5.8 Vgget_ulon‘ ’
The Bue Verte Pemnsnla lies in Forest Region 3 (Govt. of Nfd 1974) which

A
encompuses northcentral Newfoundland. A breakdown of the land class areas for

L]

this regxoq/;nd percentagul of gross merchantable volume are prmented in Table

5.3, The table indicates Pices man"ami Abies balsamea and Belula (mainl-yA B.

papy-n  fera) as bemg the domma.nt torest. tree species.

More recently, Dn.mman (1983) has divided the island into ecoreglons and
the Baie Verte Pemnsul‘ bndgm two such repons. namely Centml-Newfoundlnnd
and the _North Shore (see anure 5.5). In the ‘f:rmer ecoregion, Abies balaamcﬁ‘ L
forests pre;;iomihate in areas undisturbed by fire. Kalmjaibl:ck spruce and '
Pleuro:mm-balum fir forau are also common (Damman 1964). In the northern
put of this ecoregion Pncea mariana teplaces Aheo balsamea as the domman;.
tree. Thu isa ruult of fires whlch between 1958 and 1074, burned over 48000
hn of forest land (Dmmm 1983). According to recorcfa extendmg back to' the

®early 1600s (Wilton & Evans 1074), th‘c Baie Verte Peninsula has experienced

) n'umero‘us forest fires, nlthouéh th; southern sngl central parts df the peni;uula are

i,
most severely prone. Fm frdquency in lhe qgrlhern part of thu ecoregion hed

also, but to [y lesser degree, promoted the growth of Bclularﬁpyr&m and

. Populua mmuloulu stands. In addition, frequent forest fires bave often been s

.mpomible for the development of Kalmia anguels /olic-donﬁnnud dwarf shrub }

huth comm}nitiu on poor soils. Raised bogs occur thmughotl the Centnl

¢
Newfoundland ecoregion lnd low P\cea mariana and larh lcncmc often pow.

on the strings.

\‘-4 _.‘t‘. -‘ -v‘.
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Table 5.3 Land Class Argas andsGross Merchantable R

Volume for Northcentral Nawfoundland

ot

. -

e

"« Productive forest

Hardwood scrub
. Softwood scrnb-

BO'E " B

" Rock barren \
Cleared land .
Agricultural land

Water l .

. Black sl.mxce
b White spruce
Balsam fir

White pine
‘Larch B
Bireh .. -}
Other hardwg‘ogl‘

l‘“

(000 s of acres)

1043.7

L3209
. -_“lo

- 3127

1029 .

338.4
18"
208

(md's‘of cunité)

10,538.5
358,6

55607 ﬁ

116.4

o

Source: Government of Newfov}ﬁl %n-d_lou' .
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Figure 5.5: Ecoregions and subdivisions of

the Island of Newfoundland.
(redrawn from Damman 1983).

|=Western Newfoundland, I1=Central Newfoundiand,
IlI=North Shore, IV=Northern Peninsula Forest, V=Avalon
Forest, VI=Maritime Barrens, Vil=Eastern Hyper—-oceanic
Barrens, Vill=Long Range Barrens, |X=Stralt of Belle |sle.
(see Damman 1983 for description of subregions)
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"Toa large extent, the North Shore Ecoregion is similar to the Central "
Newfoundland Ecoregion. However, Picea glauca is more abunda_nt, stn.nds“of
Populus tremuloides are absefW¥Bd Alnus crispa occurs on both dry and wet
. ! 1 ) 4 - o‘
sites in the northern ecoregion. In addition, Alnus erispa predominates in the

e
alder swamps, as A rugosa is rare m\{;&Porthem put of the Baie Verte

Most uch&alpm’ plants on the Baie Verte Pemnaula arekestncted to the

».
hills, However, a few species, namely Comuu suecica (Northem Dwarf Cornal).

S

' Empelrum atropurpureum (Purple crowberry) and Vaccmwm ulngmoaum (Bog

bilberry) occur in the northern constal areas (Damman 1983). ..

< \ "

»\
X

¢~

. 'y
/ Peninsula (Damman 1933). = - | .
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CHAPTER 0 SITE CHARACTER{STICS

8.1 Comgm Pond ' : } .
[i] Location g A - v :

\~ - . Y] rhd

. Compass Pond (50°02'03* N, 56°11'47* W, grid ref.5 580 55 425) i situated’

4km from the eastern coast of the Fleur de Lys Peninsula and 12.2km'north of the
. - - e B ‘ - .

town of Baie V*&mte 410 (8(;0 PigureB_.l). It is well above the gtifn;ted
marine lumt of 75 o 100m (Gfan‘ 1980), lying at an elevation of ‘appr;ximately T
2%m. ,‘ L e L

(i} Topography » ' . ~, )

, i " .
« ! ) "\ -~
The lake occurs in an area of rolling terrain and summits of 320m and 260m

lino the southwest and southeast of the lake. Its-catchment 13 unde‘rlain by

ridged bedrock of sehists with minor g'ré‘emichists and marble of the Eoct;mbrian
to Lower _Ordm‘rician Rattling Brook Gr_o-\'nP, of the Fleur cie‘Lys belt (Hibbar‘d‘
1083),. and is veneéred m’th morainet(éﬁuthrie 1981). Although the site lies j{m

north of the Exploratory Sou Survey region (Guthrie 1981), it Appem that d \(

-

AUV o
v

ﬁhallow Gleyed Humo-l-‘emc or Orthic Humo—l-‘erne Podzols aro the dom{nant sgnl o "

types. -

u 12
[lll] Lake Chsracurhtla and Dralnage L - ..
" This small headwater pond, with a surface ares of ea, 3 5ha, measures i’

approximately lSd'x{SOm_.witl; its lougitudmlal axis trending north-northeast (aéé'

. \‘ ' Figure 6.1), Mﬂectlné the atructupe of the underlying bedrock and the path of '

glacial erosion (Hibbud 1983). One small outlet drains the lake to the northeast
and tho only inﬂow h provided by a smnll ditch draining a culvert at the

southeast end' The lake’s catchment is small, ca. 43ha. Coring was performed in

”

U
‘. TS O CIT LI SRR ML T RN e f
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XA  Swamp ® Route 410
CP  Compass Pond o 1 km

SHC Slaughter House Cove

SC Seal Cove
Contour Interval 100 fteet

Figure 6.1: Topographic map of Compass Pond area.
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P 1

® the centre of the lake where water depths viry from 2-3m. A'fnuimum'depth of
.over 6m wasa recorded at the nort:hern end while an extensive shallow ares, less

‘ than 2m, .occurs at the southern end. ) \
[l.v‘] Veg?tatl;)n .

Taxonomic nomenclature follc}ws Gleason and Cronquist (1863). Abundant
‘Nuphar van'cga.[um and a small clump of Lobelia Dortmanna are the only
aﬁuatic plants supported by the lake. Myrica éale is abundant at the water's
edge Other shruba immediately surrounding the lake include Kalmm P
angusli jolmm ‘Ledum groenlandicum, Saliz ducolar, S. argyrocarpa,
Chamaedaphne calyculata and Alnus crispa. X -

At the Edutheut side of the lake, where the dit'ch- enters, Cyperacéne
' .~ -(including Sc:'rpya’rubroh‘nclua) and Gramineae (ipcluaing Calqmagr&al:‘o

° i’icken‘np'i) are abﬁndmt. Sangui:?nba canadenasis is also éommon; whereas |
Aster pum‘ce&a and. Habenaria dt'lalaita- are infrequent. Sunny and damp areas
adje.;cent. to;f.he'lake favour t‘he growth pf 'Plen‘diu'r_n aqyih‘num, Oamum{a
. claytonia, Equéaeluni .aylualc'cum; .[.uncus ef /usuo‘, Carez brunnescens, Vicia
m;cca anfl sev.e}al shrubs inclu:ciing Saliz spp., Cornus alol‘-om' Jera and Rubua:

[y

tdaeus. A small bog southeast of the lake supports Cypepaceae, Gmﬁineub, &

L e : Sanguisorba canadensis, Alnus and low Picea mariana. \

‘In sunny and disturbed areas (along the roadside and on top of roadcuts), ’

‘w'eedy' spec’ien are typleally abundant, including Tarazacum ojﬁcl‘nalc, Achillea

.

i Mille folium, tholwm, Anaphaho margaritacea and Epslobmm anguah i folium.
"’ ) -Melm papyri fera (and possibly B. conﬁfoha), and omall trees of Populus ¥
“2\ ' tremuloides, Sorbus, fhgwa penaylvamca and Acer rubrum occur at the forest
\; B & /
&
.{",1: ol ;



D | ‘age Itp‘getl'aer»with Saliz shrubs, Alnus crispa, Cornus ofolom‘fefa and the

PN
a

occnsnond Ribes lacustre.

L]
. \‘q gy,

Most of the area is covered with a fairly dense Iorest sumlar to Damman's To.

/"’LOM) Kalmto-ﬂccctum foreat type, comprising Picea and Ab:ea baloan% wlth
/ “Tesser amounta o{ Belula papyrt  fera. Kalmm anﬁ/shfolmm predominates fn the
shrub layer Rhododendron canadcﬂac, Lcdum groenland:cum Lmnaea borealu.

Gaulthma hispidula, Vaccinium angum Jolium, V. ovah ]olmm, V. V'lu-ldaea
- .8
< and Sorbdus a;e qﬁpresent. In addmon, Tazua canadensss, Acer aptcatum. _ .

Viburnum edule and Aralia nudt‘cau’i_a occur in the understonf in ¢ool and'Shady

lowlsndgites, ' J )
o Mosses snd C‘omub canadensis profuseiy carpet‘the forest“' qmt The herb
layer also contmns Clmtoma borcalqa‘\' Tncntalu borcalu and, infrequently, ,'
Mamnthemum canadense Galium tnﬂomm and Solidago rgacrop}lylla, the two:
; latter ‘species growmg in ¢ool dmp sites. Several fern species, including \

e Alhm‘um Ft‘liz-jemina, Gymnocarpium Dryopleris and Pleridium aquilinum, *

Ll

are also quite common. , - o s
Severatahrubs and herbs dominate the small cutover areas, nmely / _
Vaecinium angusli folium, V. ovah[olmm, V Vitis-Idaea, Alnus crupa, Cornus | .-

canadenau, Clinfonia borealu and Eptlobwm anguali folsum, while mdlmp ol
Abwa balaamea and Betula papyri fera abound. ' ‘

_ Although Damman (1083) lists hnuéa atrobus and Alnus rugosa as growing |
in the Norti: Shore Ecoregion, ﬁeither_ species was found near the site. ¥

,. . . .
[ > . ) » '

SO N - -
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6.2 Small Scrape Pond © |
M Location ® e |

Fhis lake (49°56'59°N, 56°05'17"W, grid ref.5 857 56 326) lies 4.5km
southweat ol Mmg 8 B:gbt on Route 418 and' ls approximately lﬂtm southeast of = .
Compnas Pond (see Flgure 8. 2). -At an elevation of approxumt@ly 122m, it too

lies well above Grant's ( 1980) estimated marin€ limit.-

(1] Topography _ -

The site is in an area of rock knobs which reﬂocts tlle cdmplox bodrock ‘
structure of the Dunnnge"-’l‘eclonlc Zone?- The area to t_lle south\_vest is underlain )
by..mnﬁc voleanic and volcaniclutfo rocks and diabasé dikes ol the Middle |
Ordovicinn' Paquet l‘{uli:ouf Group. Immediatelf .nor_l.lxaut of the l{al:o the hills,
rising to about 170m, consist of serpentized uitramalfic rock of the Point Rousse

Complex of Late Cnmbrinn Lo Euly Ordovician nge' "The ares to the north and

cast is underlnin mnmly by gnbbro and metngnbbro of the Poxnt Rousse Complex e

(Hlbbnrd 1083). M%umal veneer with bedrock exposure is chnrnctemtlc of the
area, and well-drained but shallow Orthic. Humo—Femc Podzolu are the main soil .
l.ypu (Gulhrl}flﬁ) \
[lll] Lnko Chuuurhtlu md Dnlnqe .'

Smnll Scrnpo Pond is an elongated wster body, Approxlmnl.ely 426 x 50m
e

a nvlth a surface area ol ca. 3 Bhn. Its northweat trend is structurnlly controlled by

LU RE
€

a m\jor fault, ulo Scupe Thrust Fnul& lt ls N hend\nter pond drnlning
northwut lnto Scrape Pond and has two gmnll lnlets one at. the southwest slde,
:tho othor at the northweat side. The slla ol its cntchment. nt ca. 47hn, is aimllar .

d

l.o that of the Compm Pond. Tnvemes ol the lake determlned the deepest parts

A\l



7

M Ming's Bight
SSP Small Scrape Pond

@ Route 418

Contour Interval 100 feet

Figure 6.2: Topographic map of Small Scrape Pond area.
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‘ to be at the western end (over 6m) and just éast of the island (about 7m) and the

© o L
N v 'sha.llowm parts to be at the eqstern end (2-3m) and just west of the island (3—4m)
o . /
. The two cormg“lt')'catnom were in the weatern half of the lake in a water depth ot
Uoa : j49m o L | \ B
4 L o -
* . '.[iv] Vegetstlon =
.@ D= ' .
g . . The only aquatic speclea growmg in the shallows of Sma.ll Scrape Pond is e

: Nuphar vamgalum Cyperaceae and Gramineae are abundant at the lake’ 8 edge
g8 are Almu Mynca gale, Sahz, Sg&uo! Chamaedaphne calyculata,,
Sangmaorba canademu, snd clumps of Potentilla fruhcoaa
The area'to the south and west of the lake hs} been logged nnd the
secobndary growth consists inainly of Betula papyrifera, Ab ‘balaamea and
. . -_thua pensylvanica. To the northeast the forest canopy is oimllar to that
: ‘ surroundmg Compass Pond. The area supports a dense’shrub layer dominated by
Ledum grocnlandacun_;)nd Kalmia anguah[olw.. Vaccinium anguati folmm,
TR Yaultheria huptdula, Cornus alolom [em, Amclanchtcr barlrammna V ‘
Vitis-Idaea, V. ovah folmm ond Rhododcndron canadenae are also present. This'
-, L neatly lmpeBetrable shrub layer has resulted in an impovemhed herb layer of
« ‘ ’ .-“ which Cornus can&dmau and Chnloma %{calu are the most striking | \' .
r . cor/n’ponentd At sites where tho shrub- layer is less dense and ne;r the edgedof the-
';“ | | o ‘woods, Aralm nud:caulu, Aclaca rubra, Sohdago macrophylla, Qatcr umbcllalua.
1 CL . . Siveplopus ample:i[olmo, Plendmm aqmlmum and. hclypleria paluslru occur
’ . Tazue canadenais, V‘bumum edule, R\bu plandulowm and Saliz (mamly S.

planifo“d are also encounmed at the. forest edge o Y
'« A fow smsll bop occur iq the eatchmem. The‘tollowln; m; ue typlu\ n

/

?

«
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these sites: Betula michauzii, Picea mariana, Lariz laricina, Alnus, Juniperus, 1:;
Myrica gale, Andromeda glaucophylla,-‘Potent:'lla [ruticosa, Uln’culan'a cornula, 3
Thaltﬁmm, Triglochin marilima and Cyperaceae mcludmg Sczqnn cypermua . ;
TN o ‘f"

and Carez michauziana. y, { a
'y “lp

) P
-

'T‘he character of the vegeta_tion changes gradually from the sou_fl;eri: to northern

parts of the Baie Verte Peninsula. Near the éoa'.st, tl;e area is covered by poorly

-

develdbed forests or barren lands: The two study sites,-however, are located

about 4km [rom the coast so that the effect of wind exposure is not a great factor

<

. . ~—
J»in determining vegetationa] development, Comﬁass Pond and Small Sqmpe Pond :

are situated near the boundary of two ecoregions (senau Damman 1983). In terms
of both composntion and'structure, the vegetatlon of the two mtes is similar md
may be regarded as typlcal of the Bme Verte Peninsula and, a8 such the pollen
collected in these lake basins in expected to-be representative of the rggional

- - ‘.

pollen rain.

\
(’.

-
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CHAPTER 7 ANALYSIS OF LAKE SEDIMENTS
'm usP nd Ruults . P | .
[l] Strat!grnphy and Lou-on-lgiiltion

The atrangraphy of tbe two Compass Pond cores is described in Tables 7.1

A nnd 7 2. Poth cores show: the expected postgla.cial sequence of mmeral sedlment

gredmg mto orgnmc sedunenL whxch is confirmed by the percentage loas-on-
1gmtlon (orgamc content) curve (see Flgtu'e 7.1).
“The basal 71em (565-838cm) nnﬁ 73cm (547-620cm) of CPI and CPII, .

respectwely, compride a lower stilf grey clay layer g'rndmg into a,thm layer of «_

~ dark grey thixotropic silty clay. This unit is practncal]y morganic the mean

.

orgamc content is less than §% i in the hjhk.dny layer and i mcreases to nearly 10%
in the derk elny lnyer Prunmswe layer was derived from the catchment

slopee which supgo'ﬂed a sparse vegetation cover The pruence of & pebt& at

570cm in the CPI core is suggemvo of xce-raftmg

< The overlying clay-gyttja is 105cm (48&565cm) nnd 107¢m (440-547cm)

. thlek in the CPI and CPII cores, reapectwely The presence of plant fibres within

'the sed‘unent and the lncreuo in lom»on~ignition (‘roﬂ‘ 10%to 42% (R == 24. 6%),'

signel the bog[nning of orgnnic udimentetxon The upper sedunenu (0-440em, 't: ‘
CPl 0-460cm. CPll)thing of dark brown gyttja, have the higheat. orgnmc ‘
contont ranging from 46.7% to 57% (2 == 51, 2%) : . L

In goneul the perconugn inc;e\m in orgenlc materinl closely puallels the '_ "
rlu in pollen conoentnﬂon and h probnbly related to an increass in urrutritl

_); Momm prod\etlvity The presence of mncro!oulh ehldln>g leaves an twip, at y

the top of the eley-gttje mppom thh intupremlon. Horlvor. the ell bul(u :

L

‘ i -
S

s i
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- ; Deﬁth (cm)
?. . N " .

I3

S . 0-160'

. 160-395

. 305-440
e 440485
 485-547

547-555
§55-557

567-601

. | - - ', 580cm, micateous .
601-805 mr t grey clay foft, gritty - . J
_ 605-820 - light’ﬁ'ey cln.yf/ fA ‘ stiff, gritty. \ - S
y B i . o | :
N - - ‘ - ‘
‘ . , < v ¥
— ‘ ‘< _ \\ * N "_ * e j- T
o, \ '[‘able 1 2 Stratignpby ot Compm Fond 1 - T
' Depfh (cm) Sedunent type I Commouts * . Ca . .
! ., 0-460 dark browngujs . very wet & sloppy, onﬁ o S o
i B v, - with plant fibres ~ / s )
- 480-585 - elay-gyttja )' . leaves & twigs at 460-470cm, -
' . + Myrica gale leaves & twigs , o S
’ at 460ctp, 4%Pices noedles & o /.‘ NN
‘ Mgdebutd%&-ﬂotm.- S~ =
& ‘ " 56687 \"uk grey t!ty large stone al §70¢m ° fode
S . © .~ < 571-838 ghtmy clay onnd nt bm ( K S
o o . “ . ! o, v ‘-“" )
'F‘K | o , Q. » ) - .‘J _ | e \" { ‘\\\_\ . \: N - ),{“ ‘;
"’. , L XY ,. \ . ' I . . \ »
;“.‘ 3 - . . !‘ ;‘: \ e ". ) \ . -
‘;' ’ .,"n ' T i ot 't(/ /-l . I ..1 - A \: :\ ' ' 1 ".A..l . e .
| K . ‘ JI.; B &" . ) L ‘ ) o .)} ': o ;. . ’\‘k;‘d‘.
a vl ‘i\ ":'A' SRS ; cte ‘I)‘ » /"ffg l ...-" . "" 'i-" carhe "lnf L

ATV & WAl T W
- D N RN
- .. 1
;oo “ae <
4 85 »
- -
—
. ‘v

Seduneut type
dark brows g;y?t;a
dark brown qttjg

Y - '
dark brown gyttjs -

greyish brown

clay-gyttia

dark olive grey

clay-gyttja

dark grey silty clay

medium grey silty clay
e 7

s medilitp light'y'ey ciay

Table 7 l Stntxpnphy of Compm Pond ll .

Munsell Colo
wYm/a ,
10YR2/2

: mmé/é
25Y3/2

5Y3/2
s

7

v

ents.

\

" very wel & sloppy, "

often with plant fibres

.. - wet, somewhat firmer,
: some plant fibres
- particularly at 310cm

€

" few plant

firmez, deciduous leaves
& twigi 3t 438cm

ﬁrwcueous l

. thixotropic :
thixotropie, gritty,
mivaceous

g, 4

thixotropic,.firmer at

-

e
!
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in. the loss-o\rgmtlon curve, hea.r the base of the clay-gyttja., may represent an.. |

increase in lake productivity as attested to by an abundance of Pedmstrum _—

-

(obsgrved in CPIQ. particularly in the low.er‘halr ol‘ thrs sediment unit. i
[ll]'.Raliloelu-l)on dat;g and’sedimentation accumulation | )

Radiocarbon dates, based on a 1"C half-life of 5588;[;30 years and tlorrected )
- for isotopic Iractionatiorl, 6‘30 \e quoted in years before praent (BP 1950AD).
Table 7.3 summarizes the depths and radrocarbon ages from t.he Commeond I
core from whrcha tune-dept.h curve (see Figure 7.2) was established. The
sedq'nent. deposmon rates were calculated using the I’OLSTA program by Jonnmg
the poiitts | for the mean agl and the’ mean depth of each dated- sample, ALthougE
this method,produce.«r mean sednmentatton rates between dated levels, POLSTA
sm‘ ths out' abrupt changes in the caleulated sedrmentatnon rates on erther side
of tbi

dated levels. . .

=

" For the Compass‘Po‘rlil II core, the rates of sediment accumulation show an

overall increase from a mean of 0.312mm'yr’! in the cl;y-‘gyb\gg section to a mean

of 0.581mm'yr! in tbe gyttja section (see Table 7.3). The lowest §egment of the

core is u datable, due to its b:ghly morgamc composmon However, the POLSTA
program automatically calculated an extrapolated sedimentation rate’ tor the
lower seg‘ment (i.e..0.257mm’yr .1')" Fa!;ly stable rates of sedimentation were |
lrtta.ln&l durin_“g" the‘early Holocene and the middlla Holocene except for a decréase
between ca. 8400 and 8300 BP. A secorlcl decrease in sedimentaccumulation

occurred d.u"ring ‘th‘é late Holocene (after ca. 200Q BP).
‘ " 9,

"L . -

N
S

LA
¥
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o

and 3891 were based on one 3-day count (o the 2L counter. Sample

¢ GSC-3992 was mixed with dead gas for counting.

\/’7 ) . 88
‘ »
N = - .,A-/ )
L] e I
.- Table 7.3 Radiocarbon Dates for Compass Pond 11 ,
Depth below Lab. Corrected & Dry - Sedimen- -
sediment *  No. (Uncorrected) . Sample tation
surface (cm) + Age s8¢~ Wt(g). , rate(mm‘yr'-})-
AP . 04T1 .. '
95100 GSC-3010 2050+90. + -255 3.8
(2060300)
S S : R 1.000
196-200°  .GSC-3006 30504140  -26.82 2.7
S (30803140) ‘ |
‘ | - . 0.610 o
295-300 GSC-3903 a/a- . nfa 22 -\
(4690+160):  ° : :
o : o .0.629
395-400 GSC-3002 6280+120 -25.1, 4.0 ' -
T (6280+120)
. \ * 0‘197-
435-440 GSC-3002 8310+140 =252 48 .
. (8310+140) - _
. - ' 0.368
495-500 GSC-3898 09504150 <210 121
(0890+150) ’ .
y . 0.257
- §40-546 GSC-3891 117004180 -17.4 106 . .
. . {11600+-180)
. : ( v
D - (
Pretreatment of samplea: NaOH omitted, HCI (no reaction), & -
distilled H 0. Dates for GSC-3910, 3008 and 3003 were based on
two 1-day tounu in the 2L counter. Dates for GSC-3902 ,§992, 3808° : \ -

o
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l dunng the anelysls is gwen in Table 7. 4. An asterisk mdncetm g'rams end'spm-

- Artemisia (up to 24%).-Other taxa, inclnding Cypereceae, Ambrosta,

" The'Follen disgrams for CPII (s¢e Figures A.1, A2, A3, 7.3a,b)ere\‘di\éided
< { ‘ - - .

‘ into local pollen apsenlblage zones as outlined in Chapter 4 and are nurnbered and

defined from the base upwards The letters preﬁxrng the zones refer to the site.

L4

‘Total pollen concentranon and total pollen influx are based on those taxe

compnslng the pollen sum and therefore, eXclude sporw, aquahcs and

e LR
¢

Pedtaelrum

A summary of the pollen and spore types end macrofoesxls encountered
N

identlﬂed with the use of taxongmle keys only and of wlnch therefone, the -

determination is not‘wholly reliable.

Pollen assemblage zone CP-1: Gramineae-Artemisia-herbs (below 6§45¢m;

ended ca. ll,800 BP). |

The pollen of herbs and extra-regional Pinua dominate this zone, the former*

!

contributing from 10% to 72%. In particular, thelz'one records successive

maximum proportions o‘f'Sphagnum {up to 28%), ‘Gremine;e (up to 32%l and

.

Lyeopoc-iium'.end‘Fillcela occur consistently, Ericnla also attain hlgheet _

percentages (5%) in tlns zone and Juniperus peaks (at 179) near the upper zone' .

a)

boundary extrapolited at ca. 12 000 BP With tbe exceptlon of one Enocaulon
grain at the basal level, pollen of aquatic texe is abdent from thls z0ne. .

Pedmatrum is present only at §l1° base and near the top of CP- . ‘ /

\
Caryophyllacese, Chenopodiaceae, Cruci!erae snd Leguminosae (the ;wo latter °

There are smaller peeks of some herbs, nemely Composntee (Tubuhﬂoree), N ‘



Figure 7.3a: compna Pond 1I, Summary polien ~
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- Table 7.4 - Fousil Pollen Grain aqd Spore

Types Identified
P . —

Trees CP site
Abies balsamifera
Acer '
A.spicatum?®
_Bdula
Carya
_Fogus ,
— " Fragzinus
0 Juglans’
. Lariz laricing
g Picea@ '

Pmoariana

4

T X Ur

u

SSP site

+++++++++++SF000 4044

+++°+++°0+ 4+

©04+ 404+ O+ ++++0©

2 P.jlavca
) ‘ Pintgs
. P.resinosa type .
ik = Patrobus
S Populus
[i ' Quercus
e . Tilia
- Touga
" Ulmus .
- Shrube -
Alnus - +
Cor!loid type +
- Corylus +
Cornus stolonifera +
% Ericales +
$r Junipervs +
& ) T~ Myrica @ + -
.Nemopanthus +
o Saliz +
i Shepherdia canadensis - +
2 Tosus +
L . Herbs> ¢ ..
ﬁ’t ' Caryophyllacese "+
@{:' ’- Chenopodiaceas + .
o . Compositae . + -
E.;f? Tuabuliflorae +
gt Ambrogia ‘ +
é Artemisia +
iy Cruciferne F7
Lo Cyperafese . .+
N Epilobium . - *
. L. Galium - o+
. : Graminese +
Leguminosse N
Linngea o+
SR ‘ -
. T TANE .&a'.:‘:'__ - o . _,‘f"‘_\"-,‘:‘,\ _’_‘:“:, o

AN

.
N,
s
-
13
]
'
—



Table 7.4 cont'd. (

Plantago lanceolata® .
Plumbaginaceas®
Polygonscese
S . ’ Rumez type
Ranunculscese )
Coptis groenlandica
. Thalictrum | '
Rogaceas
Potentilla
Sanguisorba
- Umbelliferae -
" Spores : » )
, < Ad{antum type® . [ ~
I Athyrium Filid-fermina®
: Botrychium® T

L Cyata-opta'fa’fy'p)
: Dryoptm'o(opu‘v'wlm
Dryopteria thelyptedis type®
- Filicales undiff! ’
. Lycopodiym: | '
: L.annotinum )
L.clavatuml
" L.complanatum type
L.lua‘dulu_r}n
. L.obscurum  °
‘ . L.selago
‘ - Osmunda . i
. Preridjum aqitinum
Selaginells ' /
Sphagnum - | |
© Woodsia . .
Aquatics
Briocaulon
' Tsoctes
Mvr'iop)w!lum
. Nuphat
. Nymphaea
- Potamogeton
. Typha

EFF A+
+oo+loco+ooo

CH++++++++ A+ +F A+ +
+++++CC 4+ ++++++++09000

+4++++++
+e++ 040

Vall

K_ey: _+ prezent 0 absent
'® positive identification not possible
' © macrofossil found

. : v
_— . Tuo{omic nomelelatufa follows Gleason and Cronquist 1963.
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i il 'are exclus-we to this zone) Howe\rer the percentages of herbaceous taxa present
s false i mprossxon of abunddnce as total pollen concentratlons are exceedmgly low

- throughout the zone, ranging from 540 to 3310 grns’ cm . Using an extrapolated
sedimentation rate of 0.257mm7r , tbtal pollen influx is also meagre, ranging

from 3 to 85 grns'cm‘2'yr‘l. As a result,'thedew arboreal pollen grains (including

7L e e iy
e T

Na Vi BTN

Betula) of distant origia, witn the excep‘tion of Pinus, register small, basal peaks
‘ J :
r { - C

" “in the Percentagedmgram. Ny

-~

-

The initial rise in the percentage Iof Betula marks the transition to zone

’_,-

CP-2. The upper boundary also comcxdu with a cbange in &l}gsédiment

'-“\\: T

stratigraphy from clay to cl_ay-gytt)&

SRR ATTL T, Se BT L AT

Pollen assemblage zone CP-2;: Betula-shrubs (545-445¢m; ca. 11,800-8500

BP). - | . S -

This pollen zone is divided into two subzones: CP-2|,
Bctula-(b'peraceae-shmbs (545—500cm, ca. 11,800-10,000 BP) CP-2ii,

Bctula-P:cca (50M45cm, ¢a. 10,000-8500 BP). °

et

Subzone CP-2i: Steadily decreasing herb pollen percentages (32%-9%) and
a relatively In:gh contribution of shrub péllen (25%-41%) characterize this

subzone:‘ Ciperaceae péaks early (at 24%). Myrica maintains high‘p'ercentaga

WL CTTRRSN R, B AL

b ' (7%—11%) throughout the subzone as doa Saliz (3%-8%). Betula increases from

XN Ve

~

21% at the base to 54% mear the transmon to subzone CP- 2ii. Grains assigned to

Wi
[

o theCorylond type exhibit a falrly high percentage and are probably degraded
§ < o - .

\ —_— Belula or Myrica. Populus is consistently present as are Ericales, Juniperus,
\ - - ~Lycopodium and Filicales. The only. Shepherdia canadensis grains found occur in

g\ the two subzones of CP-2. The higﬁét frequency pf Pediastrum occurs in this ‘

. .
~ . .
Y, R - . . . .
RS W . . : . .. Panli2d
A. v, N SO e e P . .- < .
PPN ., S P .- (SN [N . . . . . N
- I el Nr ot R PR R LRI et AN . . .
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subzone, decréasing Q\fﬁ: 56% at the base to 32% at the upper boundary. In tﬁis

3

- s v Q —
- \ subzone total pollen concentration ranges from less than 12,000 grns'em™ pear the” ,

base to 66,000 grosem™ at ‘the top. Total pollen influx rises steadily from less

than 300 grm‘cru""’w,'r‘l at the base to 1700 gmsrcm'i'w,'r‘l at the upper boundary,

‘ .
~ primarily as s result of Befula pollen input.

Subzone CP-2ii: The tragattion’ from s&Bzone CP2-i to CP2-ii is not well-
defined (CONSLINK flid not exhibit a significant ;plit at this level) '(see Figure
7.4) and ig based‘i')rir{cipally on the consistent ﬁrese'nc_e of,. and rise in Pcea pollen
percentages (to 20%) and influx (to approximately 1100 grﬁs'cm’z');r'l) by 8000
BP. Numeric discrimin'an.t analysis identified the preset'x.c,e of both P. g'\lgujea -

and P. marigha grains (see Table 7.5 & Figure 7.5). In addition, four Picea

needles were discovered near the top of the clay-gyttja layer in the replicate core -

(\ (see Table 7.2) and were probably deposited ca. 8600 BP. Y e oy

’ bies balsamea also makes its first consistent appearance in this zoge after
» . e ——

~

ca./ésoo BP (R = 4%). The frequencies of both Saliz and Juniperus decline and
the initial peak in Betula frequency (at 83%), ‘corresponding to its early influx

peak '(ca.'2700 grns‘cm'Q‘yr,'{), is attained ca.0500 BP. Certaffi taxa, with -

maxﬁnal peréenfagu in subzone CP-2i, reach their highest influx including Sala;z
' (117 ffné'cm‘z'yr'l), Gramineae (108 grns‘cm‘z'yr'l), alj-\bycopodium' (mainly L. y 7

annotinum snd L. élavatum), whereas Myrica, Filicales and Cypem;:eae attain

r

their initial peak in influx. Pediastrum declinéa steadily upward through this

. subzone. The pollen of Quercus and Corylu.a make their first appearance ip the i !

. ul;per half. Minor taxa, namely Thalictrum, Ranunculaceae and Sangussorda are (’%‘
"= ) -~ - N

present for the first time in zone CP-2. Ch'ai'coal is present in one third of the
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l Table 7.5 Picea Grain Determinations,
Compass Pond'Il .
%P.ma.n'ana %P.glauca %unassigned
PAZ CP-4 /
lem 100 .0 0
PAZ CP3ii
» 360cm 90 5 5
400cm 80 15 5
PAZ CP-3i . . ©
430cm - 70 0 30
PAZ CP-2 N
470cm 45" 45 10
500em 50 50 0.

n = 20 for each sample
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Figure 7.5: Position of fossil Picea grains on the linear
g P discrifainant function, Compass Pond Ii.
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gins'em>yr! to ca. 5800 gros'em 2yr ! upward through this subzone

100 . ’ -—
» .

samples of zone CP>2. Total pollen concentration increases to over 140,000

grns'em™ and totalpollen influx registers an increase from less than 2000

Alnus frequencies (> 15%) mark the transition to zone CP-3 which\is\ also near
the change from clay-gyttja to gyttjm _ /

Pollen_assemblage zone CP-3: Betula-Ptcea-Alnus (445-205cm, ca.

’

' 8500-3200 BP).

- . Vs

The zone is characterized by the appearance of all the major constituents of

the boreal forest in Newfound]alid The zoné is divided as follows: CP-3i,

}
. Alnua-Abces subzone (445—405cm ca. 8500-8700 BP), CP-3ii, Betula-Picea-Alnua

subzone (405—205cm, c8. 8700-3200 BP).

Subzone CP-3i: A.n early. penk in the frequency (48%) and influx (2800

N

g'rn9'cm‘ 2yr'l) of Alnus ca. 8200 BP is followed approximately 250 years later by
the maximum pe;entage (13%) and initial maximum influx (490 grns‘cm'z'yr") of

Abies balsamea, Near the base of the subzone and continuing upwards, an

.1ncrease in the frequency of ‘tree’ pollen (44%—84%) deprmes the shrub pollen

x\g\ncm (40%-15%) Tlns increasé in arboreal pollen Sppears to be primarily a
result of increasing ‘tree’ Betula. (Tnble 7.8 shows that whereas only 7% of the
birch pollen measured can be unequivocally dwignated 8s 'tfee’ birch at 430cm,
there is a substantial {?‘}99“0‘1 in the 'proport.ion oq ‘shrun' birch pollen at, and
above, this \iepth.) Following a midQ'zone low, both the proportion and absolute
abundance of Betula rise. The influx curve for Picea eho;vs 8 éimilu trend to the

taxon's percentnﬁe curve, conﬁrmmg its genernl dechne The pollen of certain

temperate forest trees, namely FrazmurUlmuo and- Tauga together with Tazna

M Wt e

IS TN
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Table 7.8 Betula Grain Size Determinations,

Compass Pond 1
” fum  %<20um - %20-26ym . %>26um
(shrub) (indeterminate) [tree)
PAZ CP-4 :
- 50cm 22.1 17 80 3
100cm . 22.9 3 i - 20
150em  21.1 27 73 - 0
200em 223 20 70 10
~ T —PAZCP-3ii : ' -
_2§0cm. 225 20 1 2
300cm  22.0 3 90 7
350em  21.6 23 7 0
380cm 223 3 - 00 7
"400cm- 208 40 80 0
PAZ CP-3i
430cm %_2.0 . 23 70 7
PAZ CP-2ii - -
- 480em 188 73 27 .0
; PAZ CP-2i
520cm 188 73 27 0
n = 30 for each sample N
Betula grains measured in polar vi_ew\/ :
* \
.
{ J
) -
‘,
/ ¢
-
"/f ‘
‘ /

K

s “‘,b



) \but is based on a second, slower rise in the frequency of Ptcca and a percenmge

/o - 102 . o U

make their initial ap;;earance. Other shrubs and Populua occur sporadieally.
Also, Filicales a.‘nd l',ycopodt‘um are less frequenf. Total herb pollen percentages
are very low (2 = 1%). )
Total pollen influx sho% an overall increase compa‘red.to polléh 20ne CP-2 o
- (3700 to 8400 grns cm'z‘yr ; 8 = 5000 grns'em” *yr “13 yet recor;is a mld-zone
decline. The total pollen concentration curve exhibits 3,sumlar pattern That
peak contentration oceurs at the upper boundary of subzoqwCP«'h is proﬁably an '
. artifact of the low sedimentation rat_e: sedimeut_accumu’lgg;;tj twice as{faé:é;iﬁ t.he.A \
"preceding pollen assemblage zone, and three times as fast in the suéceedinglzo’ne.
Subzone CP-3ii: The transition from subzone CP-3i to CP-3ii is not dxstmct
N
peak in ~Bet_ula. The Picea percentage curve le'nds itself to two interpretations. -
Either this second rise represents a suBsequent increase in P. mariana, or the
curvel'repr&.ents_a steady rise in P. man'ané with a superimposed early peak of P.
glauca (see Figure A.1 in which P. glauca percentagw are plotted on the Picea
curve). Bclula dommatu the spectra of tlhs subzone {37-868%) and whereas its
frequency curve is uneventful, the influx curve exmblts two penk periods, namely
ca: 6200-5000 BP (maximum of 8600 g'rns'cm'g'yr") and ca. 4700-4100 hP
(maximum of 6230 grns‘em” 2yr 1), The percentage contribution of Picea is not
high (12-39%), and with the exception of a slight increasa near the upper
bonlmda_ry, the curw.a is eomplacent.‘ 'i‘he _inﬂux' curve displays a similar pattern
};ut amplifies the pe;aks.'Tﬂe same applies to Alnus and Abies: contributions
range from 7-28%, an_d. from 2-0%, respectively, and the peaks are mirrored and

magnified by the influx curves.

Y RN
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Sévﬂl other aspects differentiate thi.é subzone from the preceding one. The
pollen of Anus, of >distant origin, shows little proportional change but exhibits .
higher inHux values, partic\ul-arly 'during the period ca. 8000-3700 BP. Although
the pollen of both P. sirobus and ‘P. resinosa are recorded, it was not possible to
&etermine which species predominates as many g'rains‘could not be differentiated.
Cofnments; on certain minor taxa are \;vox;-th noting. )lce'r spicalum E confined to

this subzone, Fagu\s makes its first gppearahce in the upber balf, and Saliz

virtually disappears. Tazus é‘d Frazinus are most frequent here and Filicales

' .displays séveral smell influx peaks. The richest assemblage of Pteridophytes is

also fou'nq here. Rosacese occurs s'poradipally apd Isoetes and other aquatics are

more frequent, particularly towardsto top. The only grains of &emopanlhus'and

.Cornus (slolons fera type) occur here. Nearly three-quarters of the san_lp.les

analyzed in zone CP-3 contain charcoal.
¥
Total pollen influx ranges from 4500 to ca. 11,000 gros'cm 2-yr’! (R = 8400
grngem2yr™l). The top of this zone is defined by increasing proportions of Picea

and Alnua at the expense of Belula

-

Pollen assemblage zone CP-4: Bcca—Belula~A1nus (205—0cm, ca, 3200 BP to

’ ‘ ’

present), '

" Both Picea:and Alnus attnin their highest percentagw in this zone, up to

F¥41% and 49%, r ;gectwely Sumlarly, the mﬂux curves for both taxa exhibit -

\

three peaks, with a maximurn of 5160 grns em’ ‘yr I {or Picea and 7410
grns'em” ‘yr- for Alnus. The first two peaks of P¥cea occur app}'pxlmately 100

years after the first two peaks of Aln'tm. The percentage curves for both Betula
P .

“and  Abies are unevent{ul.

la s
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The most prominent feature of this zone occurs in the influx diagram: the

" lower half records the maximum total pollen influx (% = 10,600 gros'em Zyrl)

-“.

followed by a dramatic decline in the influx of Betu'la, Picea and Alnus after ca,

2000 BP. However, this striking reduction in influx does not appear to be the A

result of modern inereased sedimentation rate. -Whereas a decrease in sediment
{

(_’focussing has been invoked to explain 2 late Holocene reduction of total pollen

influx to lake sites i'n southeastern Labrador (Engstrom & Hansen 198& in this

study, there is a cérreldtive change in' the concentration curves which, according: ‘

to Pennington (1979), suggata real changes®in pollen-input to the l1ake. A
: ’ A '

Changes in minor taxa are apparent. Myrica exhibits three influx peaks in

K]

\the lower half whereas Ericales and Juniperus attain their former frequency in ~ -

the upper half of the 7éne. Aquatie species are most. [requent here pgd_ betbs

oceur more often than in the preceding zone. In addition, Tilia and Acer (other

" than A. spicafum) are confined to this zone. Charcoal is present in every sample.

7.2 Smatl Scrape Pond - Results

Table 7.7. describes the sediment of the two Small Serape Pond cor¢s. In

contrast to the Compass Pond cores, only Sem of miner;al material was enetrat.e:i

in core SéPﬁ and none was r;at‘rieved Iror;x the other core (SSPI).
The clay-gyttja unit is‘ 25CI;; (295-320cm) and 22cr'n (285-287cm) fhick in the

SSPI and SSPII cores, respectively. The organic contant rises trom 1 8% ‘Dear

" the base to 25. 3% near the 'top of the clay-gyttja unit of SSP] (s¢e Figure 7.6), ' )

V'(:’“ o7



| Table7.7 Stratigraphy of Small Scrape Pond Cores
c

&y
Core SSPI .

Depth(cm) Sediment ty;)e

0-265

: ; dark brown gyttja
 265-287 '

dark olive grey
clay-gyttja -

. _287-206 light greenish grey -
. ' - clay - '

Core SSP1

Depth(&n) Sediment type

)
0-206 dark brown gyttja

205-320 )
’ ) "~ grey clay-gyttja ..

A . ‘ . LI
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’ A%
!
Yo

- §I -
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7 R 1 1 3 ~ 1 Aetstae s

" medium dark brownish .
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«
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M

Comments

upper 2m very wet

.Comments

Jg

upper 2m very wet.
Plant fibres present.
Spruce needles found at
240, 255 and 275¢m. P

jelly co;asistency
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L - _less-on-lgmtnon curve for CP], the curve for SSPI sbows maximum percentages of
o7 . b ¢ o
2 ' orgamc matter occur:mg in the basal third of the gyttja unit. The bulge

-

_coincides, to azsmall degree, with macrofossil finds (i.e. spruce needles) m adjacent
_ levels. |
'@ ' | [ll] Radlocubon dates -
Radlocarbon dates were obtamed for samples from the besal organic
v o ‘matenal of SSPH and-the base of SSPI (Table 7. 8) As ie’liher core had more
5 S ’_ than one date, a rellable t.une-depth curv( could not be established, but the mean

T~ sedlmentatlon rate was 0.27 - 0 33mm‘yr , approxuuately two-thirds of the r_nean

sedimentation rate of Compass Pond lI (0.48mm'yr-!).

o

\[m] Pollen sonation

\\\ The small Scrape Pond pollen dlagrams (Figures A.4, A5, &7 7) are

i

. dlvided '1nto local pollen assemblage zones which closely corrwpond to, but are
%not based on, chkngos in the sedunent stratigraphy. Ra\ults of the CONSLINK
;_ program are shown in Figure 7.8. '
Pollen assemblage zone SSP-1: Bctula-Cyperaceae-shrubs (b;:low 265cm).
This zone Ls divided into subzones as follows: SSP-1i; Betula-nyeraceu

"‘
- . (below 284cm; ended ca. 10,400 BP), SSP-1i, Betula-shrubs-Picea (284~,265cm,

-
—

. begm ca. 10,400 BP). -

_'.-'-

Subzone SSP-h A simultaneous pesk in the frequency.(27%) and

:;:;" . c(;ncentraiion\(l‘l 70 gros‘cm )ol Cyperaceae and a high proportion of Belula (!
. | o= 30%) chuacto ze this subzono The majority of taxa that have peak '

g - percentagea here, namely Myrica (9%), Ericalg (2%), Juniperus (6%) and

~

g ' ’ Filicales (7%). all attam peak concentrations elsowhere. Other'than Cyperaceae, - -
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Table 7.8 Radiocarbon Dates for Small S¢eape Pond Cores

e

~  Depth below Labo};ﬁn ‘Uncomcteq Corrected Dry
o Sediment No. Age 3¢ Age Sample *
Surface(em) - - We(g)
Core SSPII Lna K .
282287 | GSC-3¢ 10300+160 -21.7  10400+160 10.3
- 1 N
Core SSPI. ! '
316920 GSC-3637 04704180 225 96204160 12.2

Pretreatment of samples: NaOH omiited, HCI (no reaction),
& distilled H2O. Dates were based on one 3-day count in

the 2L counter.
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only Arlcmwm aud Pediastrum exhibit both maximum frequencies and

concehtratlona in SSP‘ 1i. The first grain of tuﬂ)erate forest tree taxa namely
Ulmua, is found here. Total pollen concentration increases from 9000 to over -
83,000 grns'cm‘s. The upper boundary is based on 5 decresse in Cyperaceae and

#n incresse in Saliz. |

4

Subzone SSP-1ii: Successive peaks in the concentration of shrub taxa

characterize this subzone‘ Saliz (1895, 5000 grns’cm'a),

and Shep):crd:'a -
canadcnow (2% 1700 grm cm‘a] are followed by Ericales (2700 grDs cm'3) and
Jundperus (5400 gros cm ) High concentrations of Mynca dre maintained but
reach 8 maximum in the lower part of SSP-2 The Betula profile of SSP-1il is
dominated by pollen from shrub sourc&s (see Table 7.9). Picea exhlbxts a sharp
tise in this subzone. Filicales is consmtently prwent and Lycoﬁodwm’regxsters a
maximum in both its percentage}and concentratxon contnbutlons Populus and
Quercus make their first appearance. Total pollen concentration rises to over
160,000 grns‘cm'3 at the ui)per bou‘ndsu'st which is defined bx an increase in the

contribution of arboreal pollen and corresponds to a ufhologic change from clay-
gyttja fo gyttja.
llen assemblage zone SSP-2: Bctufa-ﬁcea-Alnua (265¢m to 180cm).

In this zone the pereentage curves of Betula (54-799%), Picea (6-1993), Abies
(1-49%) and Alrtue (8-18%) vary in methodical fashion, yet the pollen
concentration curves of these taxa/feven.l a different pattern, In particular,
Betula exhibits a spectacular pesk exceeding 380,{)00 gl'ns'crn'3 shgrtly ;xfter the
initial maxima of Alnus (43,000 grns:cm*’) and Picea (38,000 gras'em™). In — ) \.

addition, the earliest P¥cea macrofossils were found in this zone in the repfica}.a

“aer
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Table 7.9 -Betula Grain Size Determinations. : \o !
Small Scrape Pond I '
R R ‘ ‘ - N
X(um) %<20pum  2%20-26um %>28um
- ' ¢ (shrub) .  (indeterminate) (tree)

PAZ SSP-2 ‘ L =
. 200m 917 - 20° 77 3 .
- J 240cm 224 7. 90 A 3 . o \

PAZ SSP-1ii- :
" 28lem 186 83 RS 0 .

-

. 0 == 30 for each sample. .

" Betula grains measured in polat view . .
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+ core (see Table 7.7). Employing & mean sedimentation rate of 0. 33mm'yr’, these
B _ spruce needlee were‘probnbly deposrted ca. 8300 BP Abies poll@ shows a |
f : gradual expmzonslrom the base of SSP-2 with its hxghat coneentratron (ca.
11,000 g'rns cm ) OcCurring near the top of the proflle (at 190cm)
- The eon.centratlon of fmus pollen is highest in this zone and the pollen of
. Tauga, Acer, Tilia and Juglana occur sporadxcally Myrtca decreasa gradually,

‘ Saliz and Enceles are prwent only in the lower half and Tazus makes its

' appearance in the\Ppper half. The pollen ol‘ aquatic plantdis restncted to-this

" zone. Charcoa] is consistently present in samplee above 230cm.

N8 L ‘

T ‘7.8 Comgnlson of Local Pollen A.uemblage Zongg

The earliest pollen assemblage zone of Compa.ss Pénd wrth high percentages
of Gramineae and herbs is absent from Small Scrape' Pond. Rather, the SSP-1i-
zone is sumlar in composmon and total pollen concentratton (QO[QO to'.over 63,000
grns em"’) to the CP-2i subzone (12 000 to 86,000 grns -em™).

“"In SSP-1ii, birch pollen appears to have denved primarily from shrub

’* % o L sources (mean size == 18, thzm)t 83% measure less. than 20um) as is the case in

7/ S CP-2u (mean size =18 opm 73% measure less than 204m). However, the mmal
'_- _‘ ‘_ 3 ‘ - Betul_a peek regl.stered in the Compass Pond pollen percentage diagram is absent
“ ' . l‘ronl‘t!reISﬁin_ll Serane Poncl percentage diagram and both the proportion and s

. coneentration of Belulal increase steadily,

Pollen assemblage zone SSP-2 s compnrable'to zone CP-3 only 4n that all
FOR N the m,)or components of the boreal forest are consistently present. 'I‘lle birch
!‘:.':. ) R - ;",:‘-peak of SSP-2 may ,be slmﬂar to the second pea( in the Compass P0nd II profile

’ "(anP-Su). representing an increase.in ‘the;ngtnbultron_of ‘tre({:.' birch. This

yo —
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interpretatioh is supported by grain measurements which show an increase in the- . ‘E

mean size of birch pollen in zone SSP-2 (see Table 7.9).

There is no equivalent of the Compass Pond Alnus-Abies subzone at the

Small Serape Pond site. In addition, Abies values are approximately half those
--"- \ . -
recorded in CP-3i; 1

4 . -

"Based on the zonations of the Compass Pond and Small‘ Scrape Popd po!leh

. '] y ] _ / M
profiles discussed in this chapter, a tentative regional pollen zonation for, the P
northern Baie Verte Peninsula is'praented in Figure 7.9. ’ o~ T'._
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. CHAPTER 8 PALYNOLOGICAL AND
STRATIGRAPHICAL INTERPRETATION

8.1 Late Wlsconsin Ice Limits

Did the limit of Late Wisconsin glacial ice bisect the Baie Vertk Peninsula .
leaving the terminus ice-free, thus providing a possible refuge for hardy plant
species? Or was the area, like most of the island, ice-covered during this

: : , o
glaciation? Distinguishing glaciated areas from periglacial sreas is difficult. For

| example, although the herbaceous vegetation represented by the basal pollen zone

may indicate colonization of newly deglaciated ground, it may, alternatively,

-~

indicate a long;estéblished tundra v'egeta:'tion *kept open with immature soils by

climatic severity® (Birks 1084, p.390). Neither do the'typa of plants occurring in

the early assemblages always provide a clear picture of the palaeoenvironment in

‘terms of glacial or periglacial conditions. For example, Watts (1879, p.435)

su’gg-ats that‘. *high sedge percentages are especially characteristic of recén’ﬂ‘y
deglaclated terram with large areas of 1mpeded drainage® whereas ®grasses may
be more charactenstnc of better drained or climatically dry regions® as was the
case with his Longswamp site, outside the glacial limit. He allso mentions,
however, }hat high grass percentages were reported from northern Labrador in
which the taxon formed part of a pioneer assemblﬁge aftel"degl;ciation‘(Short &

’

Nichols 1977). .
;l'he results of this study, in balance though not definitively, support the

hypothesis of degla.clatlon followmg Late Wisconsin glaciation. The |

chronostratigraphic results provide the strongest evidence in support of thls

hypothesis. The CPII basal date corresponds with other basal terrestrial dates, in

particular, that of 11,860_-];200 BP (GSC-3957; Macpherson in prep.) from the

)
4 . ' . /\I
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K.in.g's. Point site in southeastern Baie Verte Peninsula, and also accords with
dated marine material ranging from 11,400 to 12,000 BP in the Baie Verte
Peninsula and Notre Dame Bay areas (see Figure 8.1’ & Table 8.1). Had the area

been ice-free, it is possible that seveﬂ\conditions led to an amictie, or perennially
. e ¢

frozen, lake thereby df‘:laying the onset of organic sedimentation (cf. Anderson "

1983).

Sec_l:l'ments of cores situated Bey;)ud the Late Wisconsin ice l_il:nit. may either
exhibit organic materi;l overlying till deposits (cf. Anderson 10835, ‘or exhibit an |
alternating sequence of mineral and orgenic material corresponding to s@a&ials and
interstadials (cf. vanar i982)' In"contrut the ‘coi‘éc obtained'in this study show
the expected sedunent.ary sequencajor areas glaclated during the Late Wnsconsm
that is basal clays grading into clay-gyttja and then gyttja {cf. Macpherson 11982b
Engstrom & Hansen 1985; Hyvarinen 198‘5). (The exception is the SSPI cdre m
which there is no basal ;:lay layer.) However, it is not pbssib‘lET from the litholo@
alone, to unequlv;)cally determine the depositiopal environment of the basal clays.
It ia possible that if the CP site lay within a periglacial ares, then the basal
nuneral gediment may represent golifluction material.

The existence), of l]aminated basal clays is often il.)'VOked as evidence that a
lake received glacial meltwater (cf. Macél;erson 1981). The absence of

laminations in the basal CP cores may, on the other hand, reflect turbid

" conditions resi:ltin; from considerable slope erosion due to abundant glacial

. 2
meltwater. This reconstruction is partially supported by the pattern of

Pedigatrum occurrence in the CPII profile. i_’cd:‘aat—mm is generally unable to

. flourish if lake water is turbid duri}g the gpwiug sea.;lon. The alga is often
)
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. Table 8.1

Date
(Yr BP)

1.GSC-2085 110004190

Site &
Lsb.No.

2.05C-3687 114004100

! /

3.GSC-2318 1156004220

~

4.GSC-56 115204180

6.GSC-2134 116004210

G.GSGQI 118804190

7:05C-1506 119004200
8,GSC-75

)
0.GSC-1733 120004220

1 19503_-190."

Location &
Elevation(asl)

South Brook
49°26'N 56%04'W
4.5m

Bishop Falls
40°01'N 56%28'W
341m

Triton Island

“40°31'N 55%37°'W
0.55m \\

Bale Verte Rlvgr

. 494N 668°17'W
48.76m

Exploits River
49°03'N 65°22'W
12n

Southwest Arm -

QGreen Bay
49°35°N 66°12W
10.36m

Pilley's Island

49°30°N 55%43'W
27Tm

Middie Arm
Green Bay

49°42'N 56%6'W.
12.8m

South Brook
49°25'N £6°06'W
20m
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1‘lC Dates on Marine Material
near Study Area

Reference £
Collector

GSC Paper 75-5
C.M.Tucker

SC Paper 83-7

G.Vanderveer

GSC Paper 837
C.M.Tucker

GSC Paper 683-21
EP.Henderson

‘

CSC Paper 83-7
D.R.Grant

GSC Paper 63-21
E.P.Henderson

GSC Paper 83-7

» N.O_’Donnell

GSC Paper 63-21

E.P.Henderson .

GSC Paper83-7‘

D.R.Grant

Material &
Sigrificance

Marine clay
Fixes age of

glaciomarine deltas

Shells

Min. dste for
marine Incursion

Shell . s

May date giacial re-

advance

Shells

Min, date for marine

submergence

Shells

Min. date for -
deglaciation

Shells .
Represeats limit

of marine
submergencd

Shen-

Relates to late-glacial

ice recession

Shells
Relates to- initial

inflax of sea during .

glagld retreal

Shell
Dates postglacial

‘'marine overlap
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absent from late-glacial sediments as a result of large influx of meltwater.
Planktonic blooms, especially of Pediastrum, occur in early Holocene sediments at
which time the slopes surrounding the basin are stabilized by colonizing plants yet
there is stnll an adequate supply of nutrients to the lake (cf Lamb 1980). The
Pediastrum percentage curve of CPII reflects this situation: apa;t from an

. ‘anomslously high value in the lowermost sample, the alga is absent from most of

A the mmeral material, increases and peaks in the cla.y-gyt.t.ja and declines to low

' valum in the gyttja \

. The evidence taken together, mcludmg the correspondence of the CPII basal

date w1th other dated matenal mdlcatwe of deglaciation’or marine transgraslon,

and the umdu-ec}nonal change in the htholbgy coinciding with the upward increase

in pollen abundance strongly—tmpbm that sedimentation was prevented by the

_ pl_‘éence of glacial ice. . ; (/\

8.2 Timing and Mode of Deglaciation
« . IIit is assumed that the study area lay within‘the Late Wisconsin ice limit,
the next question to be addressed concern; the timing and mode of deglaciation. .
Estimating the time of deglacmtxon can only be-achieved indirectly by dating the .
basal layers of organic sediments. Again, this will produce only 8 minimum date
of deglaciation because (a) it is not kpownlhow long after deglaciation the

accumulation of organic matter began, and (b)' the dat; obtained does not relate

fo the very_base but is an twel'va'ge1 qge.of the 'entire; sample thickness. Thus the
wirue date of initial organic deposition will be older tifin thedate ascribed to a

»'» ' ' . . | ‘

Libe radiocarbon date is not nnl[y an average of the nmple e o decsy ls expononlhl not |
lincu _ »
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relatively thick bual.sa;xlple (Sutherland 1980). The degree of ‘yom{ging’ will
depend upon the rate of sedimentation. Suthe:land (1980) suggests tha]_c at a time
of soil instal;ility and sparse vegetation cover, sedimentation rates would have
been relqt:ivemt:. éy contrast, Lundqvist (1980) claims that organic
sedimentation close to tbg receding ice front would probably have been
exceedingly slow. )

Estima;;m of the period ot" ‘accumulation of basal organic samples have been
um_dé for certain Scottish la.ka-‘(SutherlandA 1080). Based-on overall rates of

sedimentalion and thickness of the basal samples, Sutherland calculated the dates

to be froml 50.to 200 years younger than the actual base of the éample. ‘A greater

“‘younging’ effect was determined for the basal organic deposit of Protéus Lake,

~

* Ellesmere lsland. A radiocarbon assay on the basal 0.5cm sample, using \

at;celerator mass spectrometry, produced a radiocarbon date 400‘ years older than
the date ascribed to the basal 5em sample (Blake 1985). |
Applyiipg theitechnique of Sutherland (1980) to the basal organic samples of
CPII and SSPI it is possxble to obtain a clo;;; approxunatlon of the onset of
organic sedimentation at thae sites. Table 8.2 indicates that the/basal dates for
the two sites are approximately 100 yearsThalf the accumulation period) younger
than the actual base of the samples, which is less than the noted standard
deviations. It is interesting to note that this is the figure that King (1985b) added
to basal dates of lake se@iment.}s'in Labrador in his evaluation of radiéca‘rbonjdates
o-f local deglaciation. These figures thus suggm'that 1i 800 add 10,500 BP are |
minirum dates for-deglaciation of the Compm Pond and Small Scrape Pond

sltea, respectively

~\
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Table 8.2 Estimated Periods of Accumulation
»  of Basal Organic Samples

Site Rate of Basal 14C Basal §ample
Sedimentation  Date (yrs BP)*  Thickness(mm)
(mmyr?)

CPO 0.257" 11,700+180 50 :

SSPO  0.2742 . 10,400+160 50

'rate calculated from two lowermost radiocarbon dates -

2rate for entire core based on basal radiocatbon date
- te

l:;eriod of
Accum(yr)

185
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The basal date (both given and estimated) of Small Scrape Pond is 1300
Years younger than the minimum date for deg!aciatiorr of dompass Pond, 15km to
the northwest and ca. 114m higher in elevatron, and suggata downwastmg of tly
fce in northern Baije \'ferte Perinsula. This con.trssts wrth evrdence from other
terrestrial sites (GSC-3608,'-3646, -3634; Blake 1983) that indicates a pattern of
ice.recession toward the beight of the land in northcentral Newfoundland.

Yet downwasting wds not the sole tr_roiie of _ipe recession on the Baie Verte . -
Peninsula. Merea& the King's Point site has a minimum date of déglaciation of |
11,800 BP, its elevation i is only ca.: 102m.a.sl It appears, therefore, tl/t the
dissipation of Late Wlsconsm ice from the area was in the form o(/downwastmg
together with ice recession toward the mtenor ‘of the penmsula.. A]thongh not  ~—/

exphcrr.ly stated, a study by Tucker (1974) implies r.hat this was the, case. He

cogcluded that the coastal areas near Hnlls Bay and Green Bay were.quickiy

deglaciated by calving ice fronts and tlrat ice retreated from the coast by

stagnating in valleys and lowlimds. For the southern part of the p.eninsula,'

Tucker proposed that *final topographic flow into the Indian Brook Valley may

have been from ih,e plateau areas to thie north and south and that residual ice

\ -

remained in the upper part of the valley for a considerable time after ice retrgatéd '

 from the cosst® (1974, p.108). | ~

The evi@ence from this study strongly poirrts to the existence of a residual .

ice cap on the Baie Verte Peninsula as I:undqvist (’565) earlier concluded. That

| the area was deg]acmted later than other parts of northcentral New{oundland, the

| Leading" Trckles site in particular, may be-explicable in terms of different chmatxc

regimes. The present clunqte of northern Bale Verte Peninsula is cooler, in terms



8.3 Vegetatlon Reconstruction of Compa.sq Pond Site . ’

~of Compass Pond but less than 12% of fhe productive forest. Although birch

124 - ‘ -,

of the annual average number of degree-days above 5°C, than the area souttLo_[ o
Notre Dame Bay (Banfield 1981) anﬂ is influenced, indirectly, by the cold

Labrafior current and by the persistence of ice in bays until early into the summer

season (Farmer 1081). In this regard it is interesting to m\ne'that deglgciation of

the Fogo Island site (40%42.5'N 54°15.6'W), approximately 175km east of the CP

site, was delayed until about 11,000 BP (GSQ—3073;.Macphemoh in prep.). The

higher ele-vation of the Baig Verte Peninsula and associated decrease ip

atmospheric‘ temperature of about 1°C vis-a-vis the Leading Tickles site may*also

help to account for the relatively delayed deglaciation of the area.

| As mentioned in Chapter 4, a variety of approaches to vegetation
reconstruction was employed in¢luding the use of modern analognes. The
comparigon of foss‘il pollen assemblages with glodgrn p.oll(‘enl assemblages was done
primarily using modern‘pollen spectrs from other regioqq due to the absence of
modern pollen-vegetation studliles for the study area. It ginteresting, however, to
compare the.proportibns of indiv‘ldual.txfee taxa in the modern pollen spéctrum of ‘
(:}ompass Pond with the proportions of trees (see Table 5.3) in tl;e 'veget?ation of
non"th.;eli_tral Newfoundland.‘ Such a comparison indicates that, with the exception
of spruce, the taxa are either grossly over- or underrebréented by their pollen,

Spruce comprises about 50% of the modern tree pollen spectrum and 54% of the-

[

productive forest. Balsam fir makes up 27% of the forest yet contributes only 4%

of the modern pollen input to th& sediments of Compass Pond. In contrast, birch '
. 4 T

is gtrougl‘y over-represented, comprisi;:g'zﬂ% of the modern tree polféb;npectrum

b

’ .| L . h . - .‘ -t > :'?5.‘(
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pollen grains were not quantitatively differentiated as to ‘tree’ and ‘shrub’ types,
a visual inspection suggests that the majority of the grains are of birch ‘tree’
origin. Certain trees, inclnding larch and white spruce, are not represented at all

_ in the modern pollen spectrum arnd hardwoods are poorly represented by their -

R

pollen, ! \

(i) @minege-ﬁrtemt‘sia-berb zone (ended ca. 11,800 BP):

. The pollen as.semblage of this zone indicates that the site was receiving
pollen from both‘extra-regional sources, ‘primprﬂ); Pinus, renowned for its
dispersal abi]it.y,.‘and local, mainly herbh.ée-ous_. plants. “The high proportions of
l‘ Graminese and Arfemisia have no known modern analogue from N;wfqundland : :
;birt slmilar assemblages have frequently been reported as dccurring in late-glatial
profiles (Anderson 1980). The most similar fossil assemblage from a

Newfoundland snt,e is that dmcnbed for pollen assemblage zone LT-2, from

“~

/s

{ - l Leading Tickles, which ended ca. 10,500 BP. There, the late-glacial spectra, .

| interpreted as a sparse herb tundra, comprise high percentages of Gramineae and
Artemr‘sr‘a (about 10%) and-associated taxa of open habitats ‘mcludir-lg
Caryophyllaceae and Chenopodiaceae (Macphér\son & Anderson 1985). In  « p
c;ntrast to the herb zone of Compass Pond bowever, chionop‘hilouvs taxa; Ozyria |

In particular, are present in LT-2.

- - . ,
Artemisia-dominated assemblages have also been well documented for the

" .
- \ Wisconsin glacial stage in nort tern Canada and Alaska (e.g. 'Colinvaux 1964;
£ ] Cwynar 1082; Ritchie;198'5) and the ounger-Dryas stadial in northern Britain
Jeil ' (e.g. Walker 1975 Birks & Mathewes 1978) Because Artemisia is regarded as an

» indleator of open a.nd disturbed soils and because these herb. pollen a.ssemblages

v v . ) i . . . \
py . - . -0 -
e . - o . ) pe LS - . .
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are characterized by low pollep influx, most researchers in these aréa.s have - ey

b
mterpreted the Grammeae—Artcmww pollen assocxa.tion as repruentatwe of a

steppe, fellfield or simply ‘tundra-llke Vegeatlon. -
F'mding»a modern analogue for late—glacial and early. Holocene ;;ollen '
- assemblages is a particulariy thorny problem since the communities from 'which‘ S
. the‘Pollen were derived were undoubtedly contrf_lle.d by e;dap.liii' conditionp_ .an- d o - ' I}
biotie factors_(e.g. competition, miﬁi.tion) that \y}e vastly different from present- |
day situations. Surface samples fr%} the Canadian arctio and ,subarctlc tundsa ‘
for example, record hlgh‘percentaga of Grarmneae pollen (Ritchie & Litehi--
T - ngerovxch 1067), yet Artemisia values generally comprise less than 4% of the L _
pollen sum (Ri:ch'ie & Litehi-Federovich 1087: Tera.sma? 1087, 1973::Davis & o
Webb 1975) and the genus-is aBsént alt,oget.‘her fr(;m h‘igh arctic vegetation
(McAndrews 1984). | o
Perhaps the élos&!. modern analogue for the CP-1 pollen zone xs that
, - " reported by Pennington (:1980) {rom the ]ov.;-arctic ¢ontinental region oi_wat;{n
Glreenland The steppe component of ‘thois region, oceupying dr‘y areas, ha..s been
described as sub-low arctic contmentalxerophytlc grmlands and dwarf shrub o R
_ »egetatlon with associated willow scrub}(Bocher 1954) Grammea& (up to 77%)
and Arlemisia (2-40%) dominate the modern spectra (Penmngton 1080)." The
Greenland form of the latter taxon is A. campestris ssp. bt‘Jrcalt'o,‘found
frequently wheére plant coyer ﬂdisgontinuous,Jpartic larly on 'ex'f)osed slopes and. -
ndge&l‘rom wblch the protectlva S8NOW cOVer appears  be blown® (Feulnmn : J

- 1080, p. 177) ‘and 'lts optlmum is...in the most xerothermous soclatlons' (Bocber ' ) . :-‘\;

T - 1954, p. 188) The same subsp(cm (var. lamécla) oceurs today in Newfoundland
1 ! ) - v
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together with two other subspecies, namely ssp. canadensﬁo and ssp. caudala
. ) "~ A

The representation of A. borealis in modern surface samples in western

1

- Greenland is clmly related to the range of the plant (Penn‘mgton 1080). It seems

reasonable to assume thidt most of the Arlemisia pollen recorded in the Gompass

Pond profile is derived Irom the mdngenous subsp vies of A. campeatna and,
furtherrnore, ,the percenﬁe peak auggests that th(e ?uon was ap imporr.ant
cbmponent of the early" ant commumtm |

Yet the dlfr:culty in mterpretmg the Compass Pond herb zone remaxns) for
sltbough the composition and, .to s certam degree, the proportlgns of the

dominant taxs suggest an affinity with the steppe of western Greenland, the

_ vegeiatiorx cover must have been considerably sparser. ' Both the total pollen

“e

g concentrauon (54&3310 gros'em ) and estunated influx (3-85 grng'em >-yr!) of

.CP-1 are far lowe'r than those recorded for low arctlc tundra snta in either

Greenland .or eastern North America (cf D:ms & Webb 1975; Pennington 1080).

-

The absolute pollen valua of the herb zone are closer to those reported from rock

___desert and tundra areas of the Canadian high arctic {5-85 grns'cm” ‘yr‘l) (Ritcbie

-

& Litcl;i-l-‘ ed'erb"vich 1987), or tlre high aretic /of northern Greenland (6-8

grns em’ 'yr 1) where the Vegetation cover isfless than 8% (Fredskild 1073).

Reconstruction of the various. plant comm:mity immediately following

deglaclnﬂon is difficult b,ec'auhe it was possible to identify the pollen of local \
. ) ' 4 - »

plants ormly to the level of the Tamily; many of these contain species:o‘f. varying -
ecological affinities. It appears that this)herb zone represents a pioneer vegetation
phase and was unlike any ﬂcommunit,ies found today in high arctie or low arctic

e
-t

R
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‘ 19080) ‘a‘nd sunmer drought (BScher 1052), suggest that there we
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regions. The presence of both Arternisia and Sphagnum suggests a mosaic of dry

and damp habitats. Unstable slopes and wind-swept ridges provided suitable

-

conditions for the growth of Artemisia and other open ground herbs including

mernb.ers'of. the Caryophyllaceae, Chenopodiaceae, Cruciferae, Tubuliflorae,

—'Leguminobsae and Rosaceae. Sphagnum and possibly sedges were restricted to

stream banks and the lake margin. Graminoids may have grown on exposed

upland sites as well as near the lake's edge as Calamagroslw does today The

absence of chlonophllous taxa (e g~ ’yﬂa Ranunculaceaa), in addition to the

‘occurrence of Artemisia, frequently associated with early snow r;uglt (Pennington

ew, if any,

snowbed communities. While the proportions of Ericaceae and are not

high, the pollen grains of many members of these taxa are poorly adapted for

long-distance dispersal impiying that patches of dwarf shrubs grew in the vicinity.

Later, juniper shrubs invaded the well-drained sites o'f the upland comn;unitim. .
| The discontinuous cover of the vegetation ﬁuring this phase resulted in slope

instability and enabled high inputs of mineral matter to enter the lake as is

attested to by the low br'ganic content of the basal-éediments Although the lake ‘

was nutneﬁbh\ch during this stage, it was almost barren of aquatxc species. *'

Again, this contﬁmts thh the present-day situation in the Canadian th

(Terasmae 1967) ye\gnay be explained in terms of turbid condltlons v

Of all the zones of CPII, the herb zone exh:blts the leut. diverse flora in BN
terms of the méan number of taxa identified per sample‘ (i.e. 15, including extra-
regional pollen). This somewhat impoverished flora ﬁiay be an artifact of the low

pollen sum and high percentage of unidentified grains. On the other band, a
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species-poor vegetation during this period could represent a relative dearth of
habitat types, puticul;xrly mesic sites. A study on plant immigration in front of
“ ' tetreating glaciers (Stork 1963) has shown that species-richness increases 8s plant
cover closes and where water supply (ground or meltwater) is sufficient. The
largest number of species identified (26) in any one level occurs near the top of
thisv zone and corresponds with a change in the lithology.
(ii) Betula-shrubs zone (ca. 11,800-8500 ﬁP): .7
v As witl; the preceding zone, this fossil asser;blage lacks any dizect analogy
| with modern spegk(from Newfoundland or eastern Canada. The continuous
praem;'e of I;’opulua pollen and insignificant contributions of Alnua‘and Picea
pollen in the CP;2i subzone contrast with the occurrence of these taxa in surface
s'amples fram tundra and forest-tundra areas (cf. Davis & iVebb 1975; Lamb '
1984). l:Iowever. the Betula-Cyperaceae-shrub subzone exhibits an affinity with
the dwarf-shrub-heath tundrh community—dwcribed by Terasmae (1867) for
northwutzern Canada in terms of the dwarf birch, Ericacese and Cyperaceae
components, although there the extant vegetation does not inclu:ie Saliz, Myﬁca
or Populua./Furthgrmo_re, open dish.samplers from dwarrf-sbrub tundra
- ~ communities in thg Canadian lowsdretic (Ritehie & Lichti-Federovich 1087) have z.{ ‘
'/ ) _pollen content broa‘dly corresponding to the CP-2i subzone, although Myn‘e.:a is
rarely registered and zhe; total pollen influx (50-760 grns'em>yr1) is half that of

: . v ' ' .
CP-2i, "N

A compoditional similarity between the CP-2i subzone and the LT-3 zone

A from porthcentral Newfoundland is apparent although the succession of shrubs

differs and Populus is.ébsent from the latter assemblage. Macphersgh and
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. A
Anderson (1985) interpreted the vegetation of LT-3 as being comparable in
appearance to the low-sretic dwarf-shrub heath of coastal south Greenland which
is characterized by eric;ceou,s plants and sedges. However, a dissimilarity
between these fossil assemblages and modern assemblages from Greenland is that

Myrica is not indigenous_to that country. Total pollen influx varies from a mean

of 250 grns'em™2-yr! at the cosst to a mean of 2180 gros'em™>yr! near the heads

of -the fjords (Fredskild 1873).

Although the Betula-Cyperaceae-shrubs subzone may best be described as A
representing unique and ephemeral a.ssociations‘g?f species, it may have réembled',
A Ly, A
at least physiognomically, a low-arctic dwarf-shrub tundra. An important

exception to this was the likeh'r presence of Populus trees. What was the

" envifonmental setting during this period? No doubt open-soil plants (e.g.

Artemisia, Caryopbyllaceae) suffered competition from 'i‘nvading shrubs.
- :

Populations of erisaceous sh(ubs: Mpyrica and 'shrub’ birch in the region increased
gradually between c;; 11,800 and 10,000 BP: The greatest populations of Saliz
shrubs occurred between ca. 10,400 and 9500 BP, broadly corrapaudiing with the. N
increase in sedge populations. This may have represented the presence of sedge-
willow communities and an increase in'the extent of moist sites resulting from

impeded drainage. Clubmosses and ferns also increased in abundance.
’ It-is interatingI to note that the displacement of dwarf shrubs by taller
shrubs (i.e. Myrica, Betula) took a longer period at- Compass Pond than it did at-
Léading Tickles. A logical explanation for this is that ice remained*longer at
lower eléva/tions on the Bt;ie Verte Penfasula-thereby inhibi_ting or de!aying

species rhigration. On the other hand, It is suggeated that Populus immigrated to
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the arez; during an earlier stége of vegetational development than it did at either-
Leading Tickles on the northcentral coast or in northeastern Avalon (ef.
Macpherson 1082b, & in prep.). Although the proportio‘n of Populus is not high
during the Betula-shrubs zone, the taxon’s frequent underrepresentation is well
imo;vﬁ; _For exam.ple, in the forest-tundra south of James Bay, where both P,
trémuloides and P. balsami j&a form.stands on cut-overs and burned areas, the
regional Populus pollen fr;aqueni:y falls below 1% (Rarley-éill 1986). Similarly,
stands of P, tremuloides ocg.u,r in northcentral Newf&undland and the species is

found locally near Compass Pond in unshaded sites yet the nppermost sampla

i from CPII reveals less than 193 of Populua polien (and only 5 gTns‘cm’ yr )

. Studles by Richard (1978) and Mott and Farley-Gill (1981) in Québec have
O ) .
revealed that lf’opulua‘wu 8 forerunner in the process of afforestation, as appehrs
s+ . tohave been the case in northern Baie Verte f‘ninsula, and was later replaced by
2 ) .

spruce. At their sites, the abundance of Populus ‘poﬂen during the early

" vegetational stages (>30% & >7000 grns‘cm’eyr'l, respectively) was far greater

and Farley-Gill (1981) suggest that Populus occurred in clumps or groves, after it
_ invaded the Gatineau Park area ca. 10,700 BP, it is suggested that at Coméass
_ Pond, only isolated trees occurred on the geneflly open landscape.
: /,> Therefore, although the genus appears to h;ave‘pl_ayed s‘las signific;mt role
in the .tuﬂdraf{oreat transition than it\did in southwest New Brunswick (Mott,
1075a) and Québec (Richard 1978; Mott & Farley-Gill 1981), nevprthelm; .
Populus may havg occurred locally as early as 11,000 BP. In contrast to other .

‘arbpreal taxa, there would likely have been few barriers to the migration of

>
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than that at Compass Pond (X <3%, 3 grosem2yrl). Hﬁwever, whereas Mott -
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- Populus. Its opportunistic strategies, including widely disseminated propagules
and pioneering ability oﬂ.mineral susstrata (Page 1972; Mott 1078; Mott &
| Fa}ley-Gm 1‘581; Ritchie XO§4) make it an ideal harbinger of arboreal
immigration. ~ .

The approximately 1500 year span covered by subzone CP-2ii witnessed
several major floristic and structural changes in the veg‘e;ntisn. Also, the pumber /‘ -
of taxa identified is highest in this subzone indicating a comparatively species-rich ‘
vegetation. Dwarf shrubs became inereasingly repfessed as populations of shrub -
birch, peaking at ca. 09500 BP, and Myrica expanded. Spruce indded the shrub
tundra ca. 9300 BP. Balsam fir arrived about 100 years later, preceding the  #8,
expansion of alder. The immigration of fir following spruce has also been
reported from ‘western ‘('Broﬁm 198:), northcentral [Mac?herson in prep.) and
eastern Newfoundland {(Macpherson 1882b) and southern Labrador (Engstrom &
Hansen l985) - T

Gram size determmatxona have shown that whjte and black spru;e arrived ",
gimultaneously in the area a3 they did in cenjral Lsbrador (Lamb 1984). ‘ / :
However, as Picea glauce appears to prodt{ce' less pollen thap P. mh;-n'ana (L'anib -
1084), the eany populations of Ficea nesr Compass’'Pond were prbbably
dominated by white spruce. 'Today, white spruce accounts for about 2% of the
northcentral Newfoundland l'orut (Govt. of Nfld 1974) and it is more abundant g
closer to the coast (Damman 1983). Yet th Né’ea grains measured in the /
uppermost sample of CPII were all derived from black spruce. In other r_egioﬁ,/ )

from northeastern United States to southern Labrador, white spruce preceded

black spruce (Watts 1979; Lamb 1080; Davis 1083; Engstrom & Hansen 1085).

3 el e e
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Davis (1683) postulates that the neutral or calcareous soils of New England during
, the late-glacial ;nay have been conducive to the growth of white spruce. Evidence
that similar edaphic conditions ’pr”obal?ly persisted in the study area is provided, in
part, by tpe sporadic occurrence of such calciphilous taxa as Shephcrdifu
canadenais and Lycopodium clavatum fBirks 1973). White spruce may have
colonized upland sites and.the u;d’erstory of poplar groves, later replacing the :
lighi-demanding poplar as it did in ‘northwatern Canada,‘(Ritchie 1985)’ Studi.es
‘have st{bwn that white spruce geedlings are s\hade-t(;lerant and their survival is__ -7
o - aided by a partial canopy which tends to r;ad.tice both moisture loss and suff;ce _
o " "+ temperatures (Jarvis et sl 1066; Richardson & Hall 1973b).;ﬁowe»iér, the
| " vegetation near Compass Pond was unlike the frest-tundra of present-day

1 :
Labrador in which alder is abundant, balsam fir is rare and Populusis absent

(AP L VRS S FIT N

T

, (Lamb 1084). ~ .

N,
i

Although trees grew in the area between 10,000 and 8500 BP, théy may
have been restricted priingrily to favourable sites, o that the vegetation remained -
fairly open. Sustained influx valx\xw of Belula and Myrica in subzone CP-2ii
provide avidence that the population densities of shrub birch and Myrica within
the vegetation were maintained. In addition, lswlaud.sita may have favoured the
growth of tall-herb comraunities Qomprhing Sanguiéoria, Ri&me;. Thalsetrum

and other Ranunculaceae.

The loss-on-iguition curve reflects a dec;-easing minérogénic inpu.t to the
lake rulﬁg from’ the grﬁdﬁal establishment of ;egetation cover and inwash of
humus from d‘eveloping‘ soils. The lake flora rerr;.ained depauparate dyring the -
Betula-shrubs rone ﬂthough'i’ed:‘aatwm flourished in the early stages. The o
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.
sudden peak of the alga at the base of the zone, corra?onding to the change from
clay to clay-gyttja, implies that the lake-became decrea.singly turbi.d.v ‘The gradual
(iecrease of Pediastrum ia probably ;a. consequence of fewer nutrien't.s enterin; the
lake.

(iii) Alnus-Abies subzone (ca. 8500-8700 BP):

The agomalous associatior. of Alnus add Abies in CPII has no.modern

analogue from Newfoundiand or Labrador and may, again, represent the

mdmduahstlc behaviour of species htwing dlﬂ’erent mlgratnon rates, Comparable

fossil assemblages are absent from Newfoundland but have been reported from

southern Labrador. There, Lamb (1080) designated an Alnua-Ab:es Regional

,I Pollen Assemblage Zone as occurring between ca. 8000 and 5000 BP, although in

the local assemblages of his three sites Alnus alway's preceded Abies. He later

refers to thi "tage as a fir-dominated forest (La.mb‘1684)l\ Else\;vhere in
southeastern Labrador. Engstrom and Hansen récormﬁr\ zone with an
alder peak between 8000 and 4000 BP which they cla ds *the ‘

transformation of shrub-tundra'to conifer torut' (1886, p. 550)

-
.

Was it a ﬁr-domlnated forest that covered'the hills surroundmg Compass

_Pond during this period, or was it an open spruce-fir woodland? It is difficult to

determine the density of the vegetation cover t;ecuusie o‘f‘ the contrasting signals
emitted by the absolute pollen curves. The high total pollen concentration values
during this period are akin to ih&e i‘rom surface-sampla of the boreal forest |
(Davis & Webb 1975), suggesting that the area was completely tree-covered [n
contrast. the total pollen influx, exhlbiting no appreciable lncreas!&over the

preceding zoue, suggeats that the tree canopy remained open..
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Undoubtedly thé Alnus-Abses subzone reflects a period of rapid vegetational
change. Percentsge loss-on-ignition continues to increase throughout this subzone
and the lithology changes from clay-gyttja .‘gyttja. The period was
characterized by (a) the steady expansion ‘and maximum density of alder

populations ca. 8180 BP rollowed by (b) a peak in the fir populatlon ca. 7000 BP,

B ( " which (c) coincided with an increase in black spruce at the expense of white

spruce, and (d) a decrease in ‘shrub’ birch and the immigrfition of ‘tree’ birch into

“\

N .l.theregion._’,, R | o N -

| Workers,in southeastern Labrador (Lamb 1980; Engstrom & Hansen 1985)
p'oint.out that ihe magnitude of the Alnus peak in fossil assembl_,aga‘ from that
t\rea. resembles the taxon’s maximal percentages in sutface-samples from the
forest-tundra. The proportionl of Alhus in the fossil spectra foﬂox\;ing its pez;.k at
CP1I is closer to its repraex‘ltntion in the modern. boreal forest (cf. Davis & Webb
1975) and probably: reflgcts the subsequent closing of the forest canopy. The
initial expansion of alder populations may have been favoured by the presence of
birch. Such an association occurs at the modern forest line in northern Qu‘ébec
with birch providing protection for alder shrubs against wind'(Gilbert & Payette
1972). L:\ter, an ;xtensive cover.of alder thickets would have improved soil r
fertility by increasing the amount of ava_ilable nitroﬁen and organic matter. An ‘
inereée in organic matter is implied by the comparatively high percent loss-on-
ignition during this subzone. Speculation as to the role of A_fnus in’ forest /
succession in' Labrador led Lamb (1980) to suggest that the added nitrogen
Aﬁorded by the gehus may have béen_beneﬁcial‘ to. the growth of f‘icba. However, ,5/

the arrival of B‘cu near Compass Pond preceded that of Alnus, as was the case

in most of eastern North America (Davis 1981).
. .
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The decrease in white spruce may have been due to the immigration and

competitive superiority under optimsl'canditions of A?:Ei , 88 Lamb (1980)
suggests for southeastern Labrador. Changing edaphic conditions, namely an ~ o
increase in organic matter and corr&;ponding reduction of exposed mineral s-oils,
may also have contributed to a reduction of suitable hab.itm for white spruce.
The maximal Abiea percentages (>12%) of the Alnua-Ab;'eF subzone are
higher than thc‘m of t.l;e uppermost samples of CPII (< 5%). Tét'iay, Abtes
mprises almost oue third of the aortheéntral Newfoundl;md borealk forest (Govt.
2: Newfoundland 1974) suggesting that the representation of fir in the early forest
was considerably greater. Yet the canopy of é‘his: early forest may not have been
dominated by fir as it appears to have been further north wwe Abi'g_pollen
reached 20-30% (Engstrom & Hansen 1685). Nearly simultaneous decreaseg_g{ier
ca. 7600 BP in the percentage, influx and concentration of Abies indicate a.r;al

decline in fir populations. ' ) ‘ -

A decline in Abies populations within the early forest cannot be easily

-

.interpreted or explained and may have been the result of several interacting

 factors. Lamb (1980) hypothesized that in southern Labrador this phase was a

tesult of soil deterioration and incre_ésed fire freqﬁency: two conditions that would
give black spruce the competitive edge over fir. Engstrom & Hansen also stress 4
competiti(;n suggesting that " marginal habitats were quickly filled by black
spruce...ﬁnd fir-dominated stands were increaSingly confined to sites [with| g@od
soils® (1985, p.551). . ] ' .
Unlike the pollen diagranis from southern Labrador, the CPII diagrams

exhibit several subsequent Abfes peaks suggesting a resurgence of fir in the boreal

e e



. similar to that of the spruce zone of southern Labrador, interpreted as a closed-
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forest stage. Had soil deterioration been the main cause of the taxon’s initial

>

&
decrease, it would be difficult to account for a later fir increase as a reversal in

edaphic conditions. The evidenceere suggests that an ix;crease in fire frequency
was an important factor in decreasing fir populations. It appears that after ca.
8500 BP an open forest or woodland, with a canopy comprising fir and spruce,
developed in the region. Since Alnus crispa today grows in a variety of sites in
northern Baie Vierte Peninsula (see Chapter 5), the presence of alder during this
zone may indicate a masaic of vegetation types. Inoreased Litter accumulation
gpd drier ¢onditions may have facilitatt‘a‘d an' in:rea.se in ;)ut})mkb of fire. Such
disturbances would have fa.vo'uretl the regeneration of black'spruce which, unlike
white spruce-or. fir, mamtmns a fairly constant seed population which is not ’
destroyed by fire (Rowe & Scotter 1073; Black & Bliss 1980) and is well-adapted
to immediate post-fire reproductxon _An increase in tRe presence of charcoal in
the CPI samples and the occurrence of Epilobium, albeit a single grain, support
the hypothéb that fire has always play;ed an integral part in the forest history of
this region, o .

+ (iv) Betula-Picea-Alnus subzone (ca. 8700-3200 BP): ’ -

By 8000 Bi" all the major constituents of the modern -forest were in place
and the transition from an open to a closed forest’ cover was complete. Pollt_en
Qerten&ages@uring tlhis subzone indicate that a comparatively stable peridd
ensued gpr approximately "3000 years. Total pollen coilcentrations (74,000-27,000
gros'em™) of the CP-3ii subzone imply boresl forest condltlons (cf. Davis & Webb
1975; Maepherson 1082!:) and total pollen influx {4500-11,000 grns'em™2yr}) is

L[]

crowned forest (Engstrom & Hansen 1085). v 4
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However, the cbmposition of the forest did not repﬁc)ate the present
vege'tat.ion formation nor was it similar to the early boreal forest of southern B
Labrador. ’fhé most striking difference was the lower proportion of spruce pollen
at the Compass Pond si\te caused by the gr_gater deposition of 'tree’ birch pollen.
Although the majority of these birch grains fall within th{size range representing
either shrub or tree origin, the second birch rise in th(; disgrams is ascribed to the
immigration and expansiom of ‘tree’ birch, as it has been in other regions (e.g.
Lamb 1080; McAndrews in Brookes 1081, Macpherson 1982b] (see sectxon 8.8).

[}
Since Betula papyn ferd is common today in the Baie Vette Pemnsula, it

appears ressonable to muma\ﬁmt it was this species that coexisted with black
spruce 6000 years ag&. As an increase in both white pirch and black spruce is
compatible with increased fire frequency, it is,argued here that a white birch-
black spruce fire forest existéd during this su‘é;one and that :mcreased fires were -

L}
due to warmer and probably drier conditions. ot

The primary evidence of a cIimatic opti’mum is the small but signiﬁcan}, rise .
in the influx; and to a lesser degree the concentration, of ¥ nu; pollen betwéeq ca.

6000 and 37d9 BP,, That this was'a region;f and not local event is atteﬁted to by v '
the contemporaneous Anus r;laximum registered ;;t the Leading Tickles site |
(Macpherson in prep.). Neither white nor red pine presently occur in the northern
Bale S./erte Peninsula (Rowe 1972)’and th?‘nid-Holocene Px'tws influx maximun;”

(<300 grns'cm'z‘w‘l) i8 too low to indicate that the genus was growing at the
Compass Pond site as Davis (1978) says that 2000 grosem™2-yr! indi;ates locsl

arrival of the taxon. Thus the increase reflects th€ northward expanslon of its e

range soutb of the Compass Pond-site. In this context it is interesting /note



_"at Springdale represents a relict distribution) or both. Given théat
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that white pine, a typical species of a mixed formt&/\ g;rate(d to northern
&
Ontario and became an important component of the Vegetation between ca. 7300

and 2600 BP (Lit & Lam 1985) and grew north of its present disttibution in

Québec ca. 5000 BP ('feraamae & Anderson 1970). That pipes grow particularly

welk-in iinshaded sltw and where natural fires are frequent (Wat.ts 1979), may

. suggest that there were mcrea.sed outbreaks of fire in north Lntral Newfoundland.

,Other evidence of .2 mid-Holocene hypagthermal is the pccurrence of tertain

’ .
. — -

taxa which are either exclusive or nearly exclusive to this subzone, namely

- l ) - , .
Frazinus, .Ta:w,y and Chorylus. Esch of these taxa are repreented by only one
species in Newfoundland: Frazinus nigra, Tazus canadensit and Corylus

cornuld, In each casé, the Newféundland populations are at the northern limits ™

of their rangg for eastern Nerth America: Thg present distribution of F. nigra

- coincides with the warmest valleys of the island (D)gx_nman 1976), primarﬁy south

of Bonpe Bay, and there isone record from the Springdale area (Ryan 1978). The”

presence of black ash, a very poor pollen prodlicer, in the CPI diagrams sugge;sts

that either the populations southwest of Compass Pond wers flowering pgofusely

or that the small trees had migrated eastward (which implies thatiits occuﬂené'_e
f]its present
distribution is controlled by the length and warmth of the Vegeta‘,)twe season

(Damman 1976), either of the above cases could best be explalned By an

‘ameho'rating climate.

Similarly, the fljequent appesrance of Tazus, aud to a lesser {extent'- Corylus,

|

during this period may represent population expansion or increasfg productivity.

On the other hand, a more open forest canopy permitting wiger dissemination of
1 B

-

un

/
/ -
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- pollen grains may account for presence of these taxa during this stage. Tazus and

small trees occurred on the Avalon ca. 8300 BP at a téme when high ‘tree' birch

pollen was registered which Macpherson (1882b) interpreted as an open woodland ‘ (
with an understory or gladm of shrabs. It is suggested here, rather @m 4 . ..

intolerant species such as Corylus (Davm 1976) were favoured by a rmxed

- ‘.

deciducus/coniferous canopy which allowed more light to infiltrate the forest and
which also t'nay have taken advantage of clearings re;:ulting from recurrent fires.

A high sediment accumulation rfte and the i.ncr?lsingly diverse nature of , &@

<

vascular aquatics suggests that lacustrine productivity may have been greater
‘ o
than earlier. Unfortunately, the value of these taxa as indicators of

~

palaeclimnologicdl conditions is limited because they compriSe certain spec?&' that

have different tolerances to water basicity and others that show no preference for

paPticular chemicalu\qbndigions. - .
: “
(v) PYcea-Betula-Alnus Zone (ca. 3260 BP to p'r&seﬁt)’ _ L :
An increase in spruce, at the exp;anse of white bireh, is apparent ‘in the Ci’ﬂ L /
profile after ca. 3209’ BP, and is accom;mnfed by an inLcrease in alder. A - S
r&urgeﬁce in spruce hdas dgcu_mented elsewhere in easterr: North America and has
been 'ref_erre;:l to ss a stratigr,aphic m'a;-ksr for ihe enﬂ of the Holocene Yo. ; .
._ hypsithermal interval (Davis 1083)." This ‘boreal trend®, exp}med by an | e ‘-
expansion of spruce populations, has'generally been a;cribed to a decreasein = *° ~

temperature or an increase in precipitation or both (Livingstone 1088; Mott 1975s; e

rd

Anderson 1980; Davis 1083) and has been associated with an ov‘era_u decrease in

~

“pollen influx. . : °

I contrast, the CPII profile does not manifest an immediate decline in total

»
aa
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f ) pollen influx. In fact, the period between ca. 3000 and 2000 BP registers the
A hnghut pollen influx-and sediment accumulation rates. The maximal total pollen

) mflux vnluu and sediment accumu!atxon ratm may reflect an increase in inputs to
the lake or, alternatively, may result from sediment focussing, that is, differential -
deposition that results in greater ;1et a;:cumulation of sediqlent in the deeper part'.s

. of lake Sasixis (Likené'& Davis 1075). It is suggested that the total polleﬁ
S o 'conc;etit;'atio'n values during thia beriod provide the answer. Studies have s.hown
). | ) that sedument deposlted in dxffer.ent parts of a lake tends to be homogeneous and x
| well-rmxed wnt.h sumlnr pollen concentratxons Thus, the redeposmon of sediment

: ;!rom one part of a la.ke to another would not alter the composxtlon of the -

I sedlment althy gﬁ it would affect t.he rate of sedunent accumulahon and hence -

‘p;SIlen ihﬂhx. herefore, smce there i is no apprecmble change in total pollen

N cbncentrat)on between 3Q00 and 2000 BP at CPII, it is postulated that the basm

expenen&ed ehangmg p\attems of sedu'nentahon .

‘ " R Davis et al (1884) have identified two processes that cause sediment ~ A
\'_;‘ ' . . i P -
v ) . . . . ., .
focussing. - The first mechanism is episodic and occurs when there is unusual
& " westher wit.h simng' winds which create’strong currents. The second. is more
8 regulu' md is asaocmted with the annual turnover_és fehtioned above, this - .
Z" 7 boreal trend after ca. 3200 BP ‘mar have been due to cooler and.moister
g ' ‘ k ' * .
A . . . conditions. If the increased precipitation was in the form of cyclonic storm ,
8 het 'u:tivlt)", which <ould have lead to increased convective storm aétivity, during the o
[y ! . 7 N " - < R ) N .
?‘r ' o ' summer months, then it would be likely that an increase in winds could provide
g : ' the conditioﬁs..necmry for intensified focussing.

L . | '_ o ' It is interesting to»n'qge_, gh}t, between ca. 3700 and 2000-BP, the influx

i . o . & ‘ . i .
s KR . o : -
- . \ ‘. . N - .
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PEERN T el S -,



curves and, to a lesser magnitude, the concentration curves of Ainua. Picea a.nd '
Abies show several conspicuous peaks,‘p general, spruce peaks occur
approxilnately 100 years after alder peaks. Fir peaks are mork irregular,
occurring either concurrently with spruce or 100 to 20()‘years later. The sample
intervals g_ming this period (ranging from 50 to 185 years) do not provide i

particularly fine resolution. Ngverthe!ets, it » tempting to compare these results

with those of Green (1081) who employed pollen and charcoal dl-;ta to model post-
- fire raéponsqs of individual taxa. Hm sgudy' in Nova Scotia revealed that both
spruce and fir pollen rose significantly about 50 years and 250 years, respectively;
al'-tef‘a maior.fue. Green (1982) concludes tha't intense_, widmpre:d fires oc:curr'ed
in the early forests (11,000-6000 BP) m Nova Scotia when large tractg'ol' land
were dominated by inflammable conifers. It is plausible that major fire episodes e
occurred later near Compass Pond after black spruce !;eca;ne the domihant—in'the
forest community. Also, periodic o_utl;reaks of fire would have opened up the
forest, promoting the‘spread of alder A(Ritchie 1985). .

Green (19|81) adds, however, that ot‘hér ﬁmcmee operate in acyclic fashion

i f produce';imilar period‘icitiu (e.g, budworm outbreaks increase fir mortality).
Sii:ce charcoal peaks were not idel';tiﬁed nor charcoal influx determiqed in this B
study; it is not possible to deseribe the frequency. intensity or extent of pas't fire" ¢
events However, the praﬁpcq of chucoal in-every sample in the CP-4 20ne
unphes the contmumg unportance of fire in the development of the modern boreal
forest. The above suggestion of increased mols¥ure,availability after 320013\? does .

~ not negate this argument, for it is possible that an increase in the frequency of

~ summer precipitation was aécompanied by an increase in lightning storms. <

——
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A significant”decrease in the rate of sediment accumulation, total pollen
influx and, to a lesser degree, total pollen concentrat.iou is registered at CPI after
ca. 2000 BP— A late-Holocene decline in pollen influx‘has been recorded at most

sites in eastern Canada and has often been associated with a decrease in the

.vigour and density of thé regional vegetation. In certain areas, changes in the

répresentation of particular taxa have been interpreted as indicative of more open

conditions, For exnmple in nortbcentral Labrador, an overall incréase in the

—

.......
3

tundra component was noted after ca. 3000 BP (Lamb 198 ’and in the upland of
northeastern Avalon, there occurred a relatn’;e increase in the shrub component
after ca. 3200 BP (Macpherson 1982b) Xet {n southeastern Labrador, Engstrom
and Hansen (1985) state that changes in local sedimentation rather than
terrestrial ,blomm changes are a more hkely explanatlon for the observed
concurrent declinn in the influx values of all taxa after 3000 BP. However, their
conclusions d-re contrary to those of Pennington (1979) who interprets
concomitant decreases in influx and concentration as indicating renl decreases in
pollen inputs. ‘ - \
At Compass Pond, the pencg'nt_age curves are, for the mdst na.r—t. uneventful
nithough there is a small incresse in fir, ;u_ggating moister conditions, and a
renewed repruentation Kf juniper which mny‘in&.i'cate an exgansion of peatlands,
heaths and other expé’séd\habitats (Ryan 1878). It is suggested that the
sig'niﬂcantf decrease 1L pollen in!\‘lux al;ter 2000 BP-is a combination of reduced

pollen inputs to the lake reflecting contipuing climatic deterioration, and

) decreased sediment focussing. That the accumulation of younger sediment in

thinner layers olten -mult.s ln-a Late-Holocene decrease in-pollen influx has been

documonted fr several lakes (e.g. Dnvh & Ford 1082 Davis et sl 1934)
: ’ ) ‘
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8.4 Vegetation Reconstruction of Small Scrape Pond Site
-

(i) Betula-Cyperaceae subzone (ended ca. 10,400 BP)

Inspgczion of this subzone reveals that the fossil pollen assemblage has no
modern counteri)art. The dissimilarity i3 expected since modern tundra
assemblages reprwenz a compq‘ratively static community whereas the SSP-1i
assemnblage represents an expanding pioneering com;nunit.yn Although it E

\-

difficult to find similarities with other fossil ﬁsemblagw, this subzone bears some

resemblance to, but is not contemporaneous wit:h, the beginning of the CP-2i*

o

(Betula-Cyperaceae-shrubs) subzone. ,
l Shortly after deglaciation, sedges colomzecﬂ the area. Turbidity of the lake
was sufficiently reduced to enable Pediastrum colonies to increase and flourish. -

As occurlle;:l at the Compass Pond site, the Pediastrum peak corresponds to a
change in sediment lithology from clay to clay-gyytja. As expected, the subzone

"is floristically richer (% number of ta.xa identiﬁedl == 21} than the earliest zon {o!’ {

CPII, for a more diverse flora was alrea.dy nearby and available to colonize the

newly exposed mineral substrate.

(ii) Betula-shrubs-Ficea subzone (began ca. 10,400 BP)

P

Again th; fossil pollen assemblage of this subzode lacks a modern analo‘gt:e
and represe{t.sa fortuitous assemblage of plants. This subzone reseinbles the \ :
Bctula-Pwea subzone of CPII i in that. there is a transatlon from a aedge-dominated .
community f.o one of dwarf shrubs and then a tall shrubs commhnity lnteropersed . -
‘mth trees The number of taxa identified is highgt i‘u this subzone (x=23) as it |
ls. in the Be\t\! a-Picea subzoné of CP1II., The succession of dwarf shrubs at Small

Scrape Pond differs slightly from that at Compass Pond. "The sequence at the
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former was Saliz and Shepherdia canadensis followe®by Ericales and Juniperus
whereas at the latter site the sequence was Jm‘u’pcrla.“wed b;; Saliz then
Enca]a Clubmosses and ferns were common durmg this vegetation stage.
Although the length of time covered by thm subzone cannot be accurately
detedmined, it is &etimated that these veget_ationa] developments occurred
r;l;atzively sooner after d;;la.cigt.ion than they did at Compass Pond: Th.is suggests
that the davel‘opment of the vegetation‘ near Small Scrape Pond was tempbrg.l_ly
comprmed whxch may be explmned by the proximityof seed sources. _ | .

Populus pollen wasflot recorded at 'SSPII until after 10, 400 BP and eVen R

then it never exceeded 1%. It is suggested that whereas propagula of the tree

‘early (e.g. Compass Pond), Populus was probably not able to compete well with

th‘e northwarq‘ expanding populations of dwarf shrubs Yoat rapidly colonized‘the

Small Scrape basin. ‘ ' .
The rapid.increase in total pollen concent&atwn is primarily dye to the .

" immigration or expansion of sBub birch (83% of the birch grains measured at

level 281em were <20pm).” The sharp and concurrent rise in both the relative

and absolute values of Picea indicate that spruce had arrived possibly as early as

. 9800 BP, but (as discussed in section 8.5) it w “Eore likely 200 t3 400 years

later. y . .
\  {

(iii)\Belula-Hcea-AInua zone
This zone represents the arrival and expansion of all the major bores! forest ‘
species. The décrease in the shrub (excluding Ainus) and herb components point-

: : X R
to the closing of the forest. The high concentrations of Betula and Alnus pollen
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during this zone are unlike those reporte’d from the modern boreal i‘orest {Davis &
Webb 1975) and support evidence from the Compa.ss. Pond site that a white birch-
black spruce forest dominated the regional h_mdscape. In addition, the continuous
presence of charcoal in samples above the birch peak of SSPII supports the 5
hypothesis that recurrent fires were important in the rsgfonal (or_atl hisfory.
Although the frequency of Abies pollen is low, the increasé to,>4:% at the
base of this zone, ant'l the continued occurrence of the grain thereafter, suggest e
that the tree arrived early in the zone. Because the samphng interval is‘co;rs.e; in
SSPI than in CPII lt i$ difficult to determine wh? her Abies preceded Alnus ss
appears to be the case at the Compass Pond site. That an Abies-Alnus pesk is _ ‘ :
absent from SSPI may also be a result of the sampling interval. |
Betula poilen percentages and concentrations continue to rise and culminate |
\in 8 tremendous peak at' é40cm. érain measurements at this fevel reveal thpt
only 7% were less than 20pm in di;meter, although 80% may have derived from ’ N
either sh;rub or tree sources. The increase probably represents the expansion of .
first ‘shrub’, and t.hex‘a ‘tree’, birch populations. Possibly this birch peak ’proadl_uced‘
" the peak in organic matter interpolated (from the SSPI profile) at ca. 7300 BP’»
which is over 1000 years earlier thpn"ﬁ,ghe Compass Pond site. It is suggested,
l‘léwteVAbat this date is too old and thg‘ the extremely high total pollen
\chhtration is indicative of a rate 6! sediment accufnulatio_p that is considerably ‘
. . . . 1

slower than the mean rate employed to détermine the date of this event. -~

4

Discriminant analysis was fiot performed on Picea graina from this site. It is

<.

interétihg’ to speculhte, however, that the m{zm rise, the tapering off, and

subsequent peak near the top of the SSPII profile may parallel the sequence of

NI B

~aTAL

white and black spruce succmion that occ!red at Compa.ss Pond.
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. Vascular.aquatic vegetation developed in this zone and coincided, to's large

degree, with the decline in Pcduutrum Nuphar was the first to become
established following the deposmon of organic mud on the lake l'loor. The
increase in Pmua and Tarus pollen near the top of the profile (interpolated date
of ca. 6000 BP from SSPI) may mdlcate the onset of the Holocene hypslthermal
interval and supports similar evxdence from CPII _ -
8. 5 Mlgra.tlon of Domlnant Forest Treee / |

An attempt is made here, using* the seven dated pollen proﬁla from central *
and northcentral Newfoundland (i.e. this study & Macpherson in prep.), to
acl:ireaa queetxona pertaining to (a) the local arrival tlmee of selected tree species
at these’ Bltes, (b) the rateof specxel migration and seed dlspersa istance, and (¢) N _
the directlons of species movement. Although the density ofthe pollen sites js |
low, a preliminary isoc_hfone map has been drawn to depict the diffusion of trees
across part of the island (se; Figure 8;2). o N

In order to determme the’ arnval tlme of a taxon near the site in guestion, it

is necessary to dhtmgmsh between the locally-produced pollen pnd the far-

st which the curve for a pollen type exlublta a sharp increase, Others (e.g. Webb
Cushmg“&l\v right 1983; Webb, Rlchard & Mott 1983), employmg contemporary E
pollen-metatxon relauonahxps, have determined the pollen l'requency for each -
taxon whxch they claim), lndncetea the taxon 8 preeence Bennett (1083 1985)

polnt.s out the difficulty in dxfferentiatmg between the arrlvnl of a species and lts

~ expansion at s alte He suggut.s that since a pollen curve ns@frequently

represents e{tponentlal population expansion of a specles, it is safer to interpret
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It would appesr that no one approach can be applied to all taxa given the

differences in pollen prolluction, dispersal and preservation. In this study, the

concurrent rise in both ghe relative and absolute amounts of Abies pollen was

* interpreted as the local arrival time of the tree. Since Picea pollen is generally

dispersed !:urt tdm the parent tree than is the case with Abies, the low b1‘1t
felir]y continuous representation of Picea before its rise was interpreted as fa.r-
travelled grains. On the preliminary time-distance diagram (Figure 8%), the
minimum age of glacial retreat and ar;ival‘ times of spruce and fir are p)otted for
eight sites which roughly form a north-south transect covering 300km. Several of

~ . e N

these events have been radiocarbon dated whereas the timing of others have been

interpolated.

BPicea -

———

In the northern Baje Verte Peninsula the spruce rise is first recorded at SSP,
yet interpolating the date of this event is not straightfb-rward. The spruce rise .
occurs in the clay-gyttja whereas the fir risle occurs in the. gyttja. Use of the mean
sedimentation rate for SS}P]] would place the spruce rise at 9800 BP and the fir
rise at 9500 BP (see Flgure 8.4). However, the basal date of SSPI within the
jclay-gyttja layer, is dated 8. 9500 BP. Therefore, a comparison of the basal

‘dates and the stratigraphic posmon of the above vegetational events suggest that

- the clay-gyttja layer accumulated over a period of about 1200 years, plaéing the

eprice rise closer to. about 9500 BP. As spruce arrived approxunately 200 years -
later at CP, its estimated migmuon rate was 76myr™’. *1, This ﬁgure is comparable
to the taxon's rage of diffusion in othqr paru of northcm‘e‘l Newfoundland.

. Spruce advanced from th& BF site at tvoo BP arriving at the LT site, 85km to

w
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~ ice-{ree, Its delayed arrival at CP (>2500 years following deglaclauon) can best .

152 ‘ ' .

the north, at 90600 BP giving a migratio.n rate of 54myr'!, and spread southwards

75km to BDRH at about 85'02) BP, at a rate of 33m'yr!, From the KPS site (at :
10,300 BP) it spread northward to CP (at ¢a. 8300 BP), a‘ distance of about 85km,
at a rate of 85m'yr’}. Spruce did not arrive at the HP (Hidden Pond) site, inl

central Newfoundland, until 8300 BP (GSC-4-186; Macpherson in prep.).

' However,\thigfmiy be due to the elevation of the site which, at ca. 346m, is

co’nsidei-;gly higher than the other sites. These migratioq rates for ép}uce are
considerably slower than those determined by either Davis (1081) for ea;tern
North America (i.e. 250myr ') or Ritchie (1984) for northwest Canada (i.e. -
1krryrl), I

If 10 yea.r.s‘is taken as the minin;um age at which spruce attains
repro@uctive maturity in Newfoundland (Richardsoﬁ & Hnll 19?33), then the
above rates of range extehsiox.m on the island imply an average seed dispersal
distance from trees of approximately 650m. . This is":)ot far in excess of values
cited by Ritchie (1984) for modern estimates of white spruce (i.e. 60-300m). Yet
this may be an und?ratimate as white spruée doof not u_s_na‘lly seed until 20 years - Q
of age (Fowells 1965; Righardaon & Hall 197."31))_. }_I;)wever, since the seeds of
white spruce are shed annually in the fall (Ritchie 1084), the movement of seeds
over [rozéep snow and ice surfaces may have been an importaﬁt'aecondary .
dispem;l mechanism. — -

2 \ . '
The arrival of spruce at the SSP and BF sites occurred at Ieast 1000 years

after deglaciation ahd a’ the KPS site at least 1500 years after that area became

be explained by residual ice lingering in lowland areas of the Baie Vg_f.j
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Peninsula. However, for the island in generhl, the apread of spruce in the wake of
glacial r_e}.reat m{lsz have been rapid. Macpherson (in Blaks 1983) points out t}mt

the main portion of the island’s residual ice cap disap;:eared shortly before 11;430 (;'
\BP, yet spruce had spread to the island @d hfad arrived in central Newfoundland

(BF site) by 10,800 BP. The dates of spruce immigration to sites in central and

-~
\'h

eastern ewfonngllfm_d provige a evidence of the route of its migration; the taxon
appears first in central Néwfoundlg.nd (at BF), later in porthcentral
Newfoundland, and later still oo the Avalon Peninsul; @outhgéntral Y, :
Newfound!and (at BDH).‘ The pattern strongly sugg&ts that a Exdm path-of _
éleusipn to central prfoundland was slong the Red Indian Lake - Exploitfs: River
vaile;". That spruce did not aér}ve until 8300 BP at the HP site in central
New’foundland does not negate this'argument as the elevation of this site exceeds .
that of the BF site by 270m. Other valleys, including those of Soutk Brook and .
Barney Brook, may Y§ave been important corridors for the northward sdvance of
spruce to Notre Dame Bay-and the Baie Verte Peninsula. The evidence tl;us '
- Ww the southwest portxon of the xslan@s the area from which spruce
_ populatious dll’fused '
Isit possible to estimate tﬁe arrival time of spruce in muthwétern
Newfoundland? Employmg a conservative rate of 65m‘yr}, the average rate in
' (\ northcentral NeMdland would provnde a date g-reazer than 1%000 BP, which
-predatas the retreat of ice in the area (see Chapter 2), wheress usmg a rapid rate
of lkmvr“ (cf Ritchie 1084) would result in a date g'reater than 11,000 BP. Both
dates are far earlier than the earfiest recorded arrival tlmes of gpruce in either
~ » Nova )Sc?tié (ca. 10,800 BP (Hadden 1075)) or Prince-Edward Jsland (cs. 1 ,ooq <
" BP (Anderson 1980)) T |
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An exceptionally early arrival o} spruce in southwestern Newfoundland

-

a corridor for northward ‘migrating trees, or that'spruce survived the last

glaciation in a coastal refugium, possibly the southern Burin}’eninsuln, of close
by on the exposed cont.inentnl shelf. Both bisék and white s’nruce cnn persist as

aostrate krummholz, reproducing vegetatwely. be):ggﬂ,the limit of tree growth
e #- S
Ette & Gagnon 1979; Ritchie 1084). It appears unlikely thnt-npmce could ’ ~ o

A

W
3

would have involved ‘exceptienal& great seed dispe‘rsal diitnncu. Even a

migration rate of lkm‘yr‘?‘im'pliea a distance 3)( spread per generation of 10km °

- . i o
which far exceeds modern estimates= However, since spruce most likely migrated
northward along the Exploits River valley, its ‘sprend could have been rapidly -

accelerated by the river transport of seeds and even branches. ’ -
Foo

Autecological studies of black spruce indicate Q)nt estimated minimum

-
b &

average monthly temperaturel ol\ 9.5% 13° and 10° for June July and August '

respectWely, are necessary fo?gﬁccm[ul reproduct.lon (Blnck & Bliss 1980). Thus . ,

“the early presence of spruce in central Newfoundland and the implied nortpward ) -

extension of its range in the interval ‘ca 11,000 to 9300 BP during‘ which time tho

late-glacial climatic reversal was recorded at LT and the southern Burin, se;ven to o [
F4

contrast the climates of the interior with coastnl aress. 7 4

Clearly further sites, partrculnh'y in soutbwestem\f:lewfoundland need to be ¥ .
investigated. _At preaen't’l.t is only pomble’to hypothesize -;hat spruce migrated to . F

the island duriig the initial period of warming, before ca. 11,300 BP. In addition. .

~-<_it should be emphasized that this spread of spruce was not at high population . i



densities but rather‘repreaented scattered populations. Studies of Holocene plant
L]

' migrations have shown that the distributions of-;nny species were in

disethbnum with the chmate and that numerdus other mechanisms, including
.

propagule nva.ifn.bmty, longevity of source plants, seedling competitive ability and

, avm]ablhty of smtable mxgrahon;l,pathways played important roles in specm

[ Xl

Abtu balaamca
\ &% //‘\ KN >
' The local unval times of balsa.m fir are all based on mterpolated dates,

* mlgratnon (cf Dnvul 1981 Bennett 1985)

. Witrh‘ &he exception, of the= PDH site on the centrn_l-*teau, fir invac'led the sites

t “alter siarn_ce had arrived, bccurring first atxﬁe BF site at 10,500 BP, n".‘a:i:'ing the

‘ pbn_ si_u; at possibly o:mo. BP, .‘;ha' CP site by _ci’ﬁzoo BP ‘and did not arrive at

- the LT site un‘t.iI cq. 8800 BP nor the Avalon Peninsula until 8300 BP. Its ‘time of

) arrival at SSP is'pmﬁiematilc.- Al}.hough the poll;h sequence indicates that spruce .
’ precetfed. r;r. probably at sbout 9500 BP, it cannot be established whether fir

———

. amved ﬁrst at this gite or at the CP gite. As yet there is no date Tor the arrival
¢

of fir at KPS. The pattern of fir amvsl tlmes, though Iess complete than that of

spruce, sumeate 8 amixla.r migrational pathway from southwestern ‘Newfoundlsnd.

. Presumably factors other ;hn climate (ug compemlon, site avulnbtlty, soil ‘

. conditions) were important controls i 1: its delayed arrival at certain areas (eg.
Notn Dame BA)!] ln eastern North Amencn, the average Holocene mngntlch

- rate of ﬁru estimsted at 200myr! (Davis 1083) Althongh the slm with dam o N
are too scatterod to detenmne the rmgntion rate of fir: mthm Newfoundlnnd it is’ |
suggested that the rate of apread of this tree scross the island was slow compared

— f!

. to its spread in other parts of eutern North, America.

Par . . i .
.
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A(t)tempts to establish the e.rl:i(!/il time of Betula pqpﬁ/gm are complicated
primarily because the pollen curves f(;n Bétula actually record the i,nvnsion of
both shrub and tree birch. The task of dxstmgulshmg between locally produced
pollen and far-travelled pollen is turther complicated since most shrub and tree
species of birch are prolific pollen produce'is armd are often overrepresented (Birks
& Birks 1980; Ritchie 1984) Only the immigrstion and expansion of . B}lula in
northern Baie Verte Penmsmla are discussed nere ,

In Figure 8.5, the abundnnce of Belula pollen (both percent::/ge “and mﬂux) is -
plotted togetber vnth mean pollen graio size and range against depth for CP'ﬂ
Doa the initial rise in the rolatwe atid absolute amounts of Belulq pollen
represent the migratmg front-of shruh birch within the region, or indicate that
 bitch had already amved in the vncmxty and that its populahon was expanding?
Studies I‘rom Baffin Isla.nd show that where isolated groups of dwarf birch occur,

bireh -pollen percentages exceed 5% (Andrews et al 1080; Short et al 1085). It

would appear safe to say that in CPII the increases in percentage (from 7 to 21%)

and concentration (from.230 {0 2400 gros'em™) that occurred ca. 11,600 BP ..

reflect the_local arrival, if only at.a very low population density, of shrub birch.

The exponential increase in Betula poilen influx after this date is intecproted

as a c!)lnge from a low to high populntion density culminating at ca. 9500 BP\

The decline in percentage and, to a lesser degree, concentration values after ca.
v

86800 BP reﬂecu 8 real decrease m-tho population of shrub birch, probably -

:Enltmg trom tompetmon with other shrubs and trees, At c\ipoo BP thero is

an mcreasp i, the mean size of birch pollen (Figures 8.; & 8.8). It is suggested
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that st this time the contribution of shrub (irch within the vieinity was Jow and
unable to mask the input of either far-travelled or local tree bitch grains. It is “ .4
"impggsible to determine the arrival date of tree bigch with precision but the data
(s'ee Figures 8.5 & 8.6) indicate that the tree most probably grew in the area
before 8000 BP. : ’ -
" The SSPI diagram*doe; not show the same pattern‘b'f birch p'ollen
abundance as does that of CPII (see Figure 8.7).. Thus, it is hot improbable that a ¢

. }
few)‘ndividuals of shrub birch grew near this site immediately following

deglaciation, ¢a. 10,500 BP. Although the mean grain size indicates that shrub

- "*',

birch was ;he'maih contributor to thefBetula poéllen'curv.e é.fter.lo.‘ioo BP, the .

ralige in grain size Is significantly broader t!_mn that registered af CPII at.about

the same time. This sugggts that whereas shrub t'>irch was established at the CP . ('
sité f‘or a éomp4tively long period, at the SSP site either both ‘types’ of bi.rch-

immigrated concurrently or t‘ree' birch followed shortly ﬂter the arrival of shrub

birch. If itis a:ccepted that the perce;tage and concentratiop pe;a.ks at 240cm in

L

SSPIl represent a pesk in tree birch populations (See Figures 8.7 & 8.8), then
. : . . 3\
either of the above scenarios would explain thd absence of a decline and

 subsequent rise in birch pollen abundance, ss is evidentin CPIL. = ' ’

\
L
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8.6 Snmmu-y of Vegetational Development and Implications for
Holocene Climatle Change.

- , . & N , .
Climatic change was the ultimate mechanism ruponaibfg for the post-glacial

: 1 -
‘ zexpansion of species ranges and long;term vegetation dynamics, However, the

rate of species spren:l abd the composition of co;nmunitia that formed over time -

resulted from a complex interplay of both environmental and bioldgi'cil factors.

The lnt.enct\i‘on\ot these controlling factors upon the vegetationsl development in
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Figure 8.7: Small Scrape Pond !i, Betula grain size
and abundance vs. depth.
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the northern Baie Verte Peninsula is discussed below. Figure 8.9 has been drawn ’

to facilitate a regional comparison of inferred }:limz;tic trends.

Deglaciation of the highl;nd a:ea of northern Baje Verte P‘eninsula occurred
before 11,800 BP. Compositit;nal]y the herb:dominated initial communltiu were
akin to the low-arctic steppe of western Greenland, but the sparmess of the
vegetation probabl'y resembled a high-u‘ct‘ic tundra. Wright (19'84) claims that

-

~y i e a . .’
basal herb pollen zones may pot represent tundra conditions, in the glimaticesense,
- ‘ | v - [ - . ‘
but rather a pioneering ph)ase reflecting the proxmuty of seed sources. It is
proposed that both reconstructions are true for the CP slte, that is, a pioneering

~

community colomzed the lsndscape when tho local climate was cold and dry
Whereds ice wastage on the Peninsula probably rau!ted from pre:ipltation
starvation ana an nmelxoratmg tlimate, the rwdual ice may well have affected
the local climate (cf ng 19853) o

After ca; 11,800 BP the development ofa Seage,and dwarf-shrub tundra was
_complete; byltl_ong-distance'seed Adispérs.al,as lowland areas were still‘glaciated. lt:
is difﬁcqlt to discern whether an abrupt or gradusl warming occurred after ca.
{11,800 BP. Possibly the long shrub-tundra period (over 2000 years) reflected a
climate too cold for tree growth. A]tematwely. the length of the shrub—tundra ‘
phase may reflect the avmlsblhty of both propagu]u and suitable miyational
corridors for tree colonization. The latter hypothesis is favggred given that
Populua; a taxon with a highly efficient dispersa) mechanism, appears to hav.e
grown in the ares sh<}tly alter degla;iation of highland areas,

The:e is no lithologie or pollen evndence ofa lat&glaclal chmatic oscilhtion

However, reversals in both loas-on-igmtion and Pcdmalrum curves of the (JP siteu,
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~ occurring approximately between 11,300 and 10,500 BP, may be indicative of

cooler conditions. It is noteworthy that lossjon-ignition data from the LT site
show a de:line during tlre inferred climatic reversal. In addition, this dec?gue in
organic matter coincides with"the m_rpgl decrease in Pediastrum. o

Before ca. 10,400 QP. the SSP site had become ice-free and sedges were
abundant. Populations of .low shrubs, including Saliz, Shepherdia canadensis,
Ericales and Juniperus raprdly_ _p__w_d into newly deglaciated aress. Low’
shrub communmee were aubsequently rep}aced by Qprub birch and Myrica Whlch/
became important components of the vegetation aft.er -ca ‘10,000 BP.

Arboreal imrriigratiog and invasion of the shrub-tundra commeoced ca.
9,500 BP with Picea, pnmanly whits’s) spruce, followed 9¥ Abies balaam? > Alder
shrub populatlous also expanded. An unstable penod continued until ca. 6700

BP. Praumably the landscape was covered with an 6pen spruce-f'u' forest wnh an

. understory or glades of alder shrubs. POpulazlons of white spruce and fir peaked

——— ¢

and declmed in turn in favour of black spruce and whrte buch

It would be difficult to argue that the.successive arnvals of dominant forest

" trees were a direct result of climatic change. Fqg although an increase in fir at
‘

the expense of white spruce may have resulted from continued climatic w'krn'ling,

‘
8 subaequent increase in black spruce and declme in fir woulcr imply a coohng

trend (Engstrom & Hansen 1985) There is Do corroborating evidence for this. In
7

fact, po!len records f_rom eastern C’msdrnn sités indicate contmue?i warming.

. Also, the rapidity of the successive peaks of white spruce and fir do not imply

clunatlc control lt is propoaed that the dismbutlon of tree species. was in
dwequihbrmm with the climate and that the timing of thesg events can best bo
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e%pla.ined. by other environmental and biotic factors, particularly changing

%L* “ cd#phic conditions ’nd species competition. Firé also probably contributed to

. the competitive replacement of white spruce‘snd fir i)y black spruce (¢f. Engstrom
‘, N & Hansen 1985). This claim is partially supported by Damman who, in describing
; the ve&?tation changes fr;am south to porth in the Central Newfoundland

o
y.
A . ?

Ecotegion, says that there is *a repJacement of Abies balsamea by Ficéa mariana
A .

a8 the dominant tree in the landscapa...dlfe\to the more important role of fire in

o

_the northern parts® (1083, p.175).
The closing of the forest canopy occurred after ca. 6700 ‘BP. . A white birch-

o © black spruce forest developed and was maintainegd for approximately 3500 years.

...._-» T liis suggested that conditions were dry, that susng’)ers were warmer and the

growing season lo;:lge!' than at present.- In'tgrestingly,.—Lamb (1080) infers a rapid
amelioration of ih; ¢limate in southeastern Labrador after 6500 BP. There was
gt an expansion of Pi‘nﬁa populations soqtb of the Peninsula Between ¢a. 6000 and
| 4000 BP. This climatic reconstruction is closer to parts of the Maritime

Provinces, in that the inferred period of optimum warmth correepdnded to dry

I T
LA S

conditﬁ’ﬂ! (e.g. Mott 19753;‘Andenon 1980: tim: for the Avalon Peninsula »ﬂ:ere
LA it has b;en suggested that the period of maximim warmth' (ca. 5500-3000 BP) was
acgémpanied by an inc}'ease in pr;ecipitstion (Ma,cpheru?n 1082b, 1985). Also, the
warmer than present period in!gx}r'eil for the x_xorthe.rl.l Baie Verte Peninsula
v .corresponds closely wit_h_th_e oceanic optimum- which laggeéd be.hh;d the
- atn'mspheric. oﬁtimum by about 1600 Jlfeus,_ending ca. 3000 BP (Andrews 1972). .

A resurgence of spruce and decréuel of white‘birch after 3200 BP indicates

} -7 ’ the oqu‘ of a cdoling trend. Furth:ermbl(e, iHs sugg'est_ed that more frequent

e «
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summer precipita}.ion or lower evapotranspiration accountedifor the r(;newed
importance of balsam fir alter 2000 BP (cf.King“1985a). This reconstruction of a
deteriorating climate corroborates evidence from the Av\alon Peninsula and ‘
southern Labrador where a.cooling trend occurred after 3200 BP and 2500 BP,
mﬁectively. In this regard, it is interesting to note that Davis (1984) concludes
that the most pronounced episode of’ paludification in Newfoundland occurred ca. A
3000-2000 BP, reeult.ing'in decreased farest cover. A decrease in abundance and
sediment accurﬁulation rate and the reéurre‘nce of certain ‘'shrub taxs after 2000
BP ixr;plia more open conditions, However, ilt is suggested that the copsiderable

decrease in pollen influx at that time was enhanced By dec}éaéed sediment .
N

. focussing. =

" 8.7 Further Research

.3

.- At least as many questions have evolved from this study as it has at'tem;;’ted

to answer. The following are some areas to which future palynological

investigations might be directed. .

1. No routine counts of charcoal occurrence have been made on cores from

Newfoundland sites. Such an. analysis wog!d likely prove invaluable in
deterﬁaining the importance of fires on Holocene f0m.t ‘develop_men\t.

2. Analysis of the central Newfoundlal;;i ’c’o;'a, near Red Indian Lake,
should provide mofe information on the. arrival times C‘).f dominant forest trees. In

particular, a study of the time of local arrival of spruce and fir in southwu}a‘rb““

Newfoundland would yield important dat@relaﬂ'ng to the migration rates snd

corridors of movement of these species across the island. Such a study might also

£

throw light on to the Jocation of glacial refugia of these species.
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K }f disg:rlnﬂnmt snalysis were performed on spruce grains as s routjné.
procedure m palynqlogicn.l __\_vork,ﬂit'might be possible to determi_néﬂme se(;uenc;: of
:'\vliite and black spruce immigrati;m and their migl;ational pathways.
4. The lack of ﬁxodgrn a.naloium presents a problem for the pala.eoclim;tic
llnterpretation of pollen data. It is suggested that further st—t—xdia need to be.‘

undertpken’ia Newfoundland to provide a c‘léugr picture of modern pollen-

ve_getaltiou relationships. -

[ 3 ‘ \—/-
1 t
N . s 3
| .
< ‘ ’ -
-
. - / -
~ B A
\ . 1
R
. N
. -
'
T -
. L 3
- ) ¢
a
PR , e
N
- ™~
L4 -
- . .)
M -~ B )
—_— :‘ ' \.r L 3
¢ - .
R
. P v ”
';'» \‘_; ,:J_ ':lnl.l v 30 3¢ - A o
o A q»l _‘1_.1_* ey "




-

4

v

s

-

re . e P A - e . -
(ARSI PR A '- ).‘_- ,:'_\ o .f, v J» ;\_“A: Nt ’ w'_‘;;’-"luf'l‘ ‘;"‘:\-' .h::‘"u--'- TR
. P RN - el e T T " Ve

1LY

- o ~ ) ~ s ~ . Lo

- v 168, B
‘ -‘ ‘ ' | .l'-
' BIBLIOGRAPHY - - |
Amencan Commission on Stratigraphic Nomenclature 1981. - Code of : * o 1
stratigraphic nomenclature. A.mmn Pcl Geol. Bult;, 48 845-885 S h

Andersen,S.Th. 1085., Mounting medis and i moun Jng techniques. ln Hnndbook
‘of Palaeontologlcal Techniques. B.G.Kummel &£ DM Raup (eds.), Freeman San .
Francisco, pp. 587-508: ) ‘ .
, o
Anderson,T. W. 1080. Holocene vegetation and climatie htstory of Pr)nce Bdward
Island Canada Cdn.J Eorth- Sei., 1% 1152-1165

.. p S .

Anderson,T.W. 1983. Preliminary evndence for late Wisconsinan chmatlc I -
ﬂuct.\xgtlons from pollen stratxgnp in Borin Peninsula, Newfoundland. In: S
"Current Rescarch, Part B; Geol.SurvCan. Pap 8&18 pp.185-188 '; .. ;

Andrew,R. 1984. A Practical Pollen Guide o the British Rora, anernary ; =
Research Assoclation Té¢shnical Gmde No 1, Qqaternnry Reoe ' o
Assoc..Cambridge - . ' Ta

\)

. Andre J .T.1972. Recent and fosml growth rates ol marine bwalves, Cmadm?

arctiecapd late-Quaternary arctic marine environments, _ N . -
Palacogcogr Palaeochmalol 8 Palneoecol ll 157-176 L A - ’ '

_ Andrews,3.T., Mode,W.N., Webber, PJ Mille: GH 2 Jmpu b. 1980. Report - . ' =
on the Distribution of Dwarf Bnrphgd aad Present Pollen.Rain, Baffin island, :
N.W.T, Canads. Aretic 33:5058

a ' - o
Banfield,C.E. 1981 The Chmntlc Elmronment of Newfoundland. In: The ' S
Natural Environment 6f Newfoundland Past and Presenl. A.GMacpherson & .
J.B. Macpherson (eds) Memotial Unrvemty of Newfoundland, pp. 83-153 R ' '
* , -

Banfield, cs 1983, Climate. In: ngeogmphy and Ecology of the Island of, R
Ny Newfoundland. G.R. South (ed. )ﬁr .W.Junk Publ:The Hague Boalon, pp.37- 08

Bartlem P.J. & Webb T. Ill 1085. Mean Jnly tempeumre at 6000 Yr: B. P in

" eastern North America. regression equations for estimates from foml-pollon dnu. N
"In: Climatic Change in Caniada 5. Critical Periode in the Qualermary Climatic *
Hiatory of Northern North Ameriea, Syllogeus Series No 85, CR. Huln‘ton '
(ed.), National Museums df Cansda, pp.301-344 . : N

Belland R. 1081. Ecolow and phytdgeogmphy of the mona of llie Bomu ba’ ‘. i .
* regio, weatern New foundland.. Unpubl.M.Se Thesh Dept.Biology, Mamorul :
University of Newtoundlmd . o :

L}

- “ ¢ \.. - R . R ‘.
* ' .Q} ., ' ’ . L ., - . .r AN



a

- 169
* N -
Bengtsson,L. 1970, Chemical analysis. In: Palaeohydrological Changes in the
Temperate Zone in the Last 15000 Years. Subproject B. Lake and Mire .

.~ Environments. Vol.ll. Speci fic Methods. B.E Berglund (ed.), International
Geo!ogxcal Correlation Progmmme Projett 168, pp. 113-132

Bennoté,K D. 1983. Postglacinl populatxon expansion of forest trees in Norfolk,
UK. Nalurc, 303:164-167

Bennett,K.D. 1985. The spread of Fagus grandi folia across eadtern North
“"N " America during the last 18,000 years. J.Biogeogr., j2: :147-164

Benubo J.C. & Webb, T.IN 1077 Changmg Patterns in the Holocene Pollen ~
Record of Northeastern North America: A mapped summary Quat. Rco 8:64-86

Birks,H.H. 1984. Late-Quaternary pollen and plant macrofossx] stratxgraphy at
Lochan an Druim, north-weat Sc{laﬂd In: bake Sediments and Environmeéntal

History. E.Y . Haworth & J.W.G.Lund (eds.), Lelcmtet Umvemt.y Prm,
pp.377-405 Lo ' ; -
Birks,H.H. £ Mathewes,R.W. 1078. Studies in the Yegetational history of By \\}
Scotland. V, Late Devensian and early Flandrian pollen and macrofossil
stratigraphy at Abernethy Forest, Invernesshire. New Phytol., 80:455-484

Buh’ﬂ 1.B. 1968. The ldenur catnon of Betula nana pollen. New Phylol
67:300314 .

‘ . -
Birks,H.J.B. 1973. '‘Past and Huent‘Vggelation of the Isle of Skye: A |
Palaeoecological Sludy Cambridge Univemizy Press .

Birks,H. J B, 1979. Numencd methods !or the :onnhon and correlation of
: bloctntignphicd dats, In: Palaeohydrological Changes in the Temperate Zone in
- thg Last 15000 Years. Subproject B Lake and Mire Environments. Vol.I General
Project Descriply ~B .Berglund (ed.), Internstional Geological Correlation .
Programme Proj p.09-120 & Appendix 2. ‘a
-t
‘Birks,H.J.B. & Birks,H.H. 1980. Quaternary Palacoccolow Edward Arnold
Publ.Ltd.:I8odon

Pirks,H.1.B. & PeglarS. M\ 1080. ldentification of Picea pollen of Late
Quaternary. age in eastern North An;encs. a numerical approach. Can.J. Bol
- 58:2043-2058 e \ _
Black,R.A. & Bliss L. C 1080. Reproductive ecolog of ch mariana (Mill.) BSP -
at lmlhu near Inuvik, [Orthwest Torrltoriu, Cude Ecol. Monogr . 50: 831-354



| R .

. s . 170 T s « L :
: ' j S
Blake,w Ir., 1083. Geologxcal Survey of Cana.da Radlocarbon Dates XXIII. . . . :
Geol. Sur Can.Pap. 83-7 ( :
Qlake W.Ir., 1985. Radiocarbon dntmg with rccelerator mass spectrometry: - . ‘} :
reults from Ellesmere Island, Diftrict of Franklin. In: Current? Research, Part B, '
Geol. Surv Can Pap. 85-1B, pp.423-420 ° ) L, e
Bocher, T.W. 1952 Contributions to the flora and plant geogra.phy of West
. Greenland. III. Vascular plants collected or observed during the botanieal
7/ expedltlon to Wmt Greenland 1048.3Medd.Grl., 147 No.9 T\
Bocher T. \\l. 1054. Oceamc and ‘continental vegetatlona.l complexes in southwest \ )
Greenland. Medd.Gml., 148 No.1 » )
Bl‘oka LA. 1069. Late-glacial marine overlap in western Newfoundlmd ' ; *
Can.J.Earth Ses., 8:1307-1404 i .
"' Brookes,1.A. 1974. Late-Wlscomn glaciation of southweatern Newfoundland 4
Geol.Surv. Ccm Pap. 78-40 _ : an,
Brookes,1.A. {975, Late-Wisconsin readvance of pledmont glaciers in southwest .
. Newfoundmnd. Maril.Sedimente; 11:47-48 .

(Y ., ’ - v, [

Brooka.lt 1077a. Geomorphojogy and Quaternary geology of Cadroy Lowland . ~».
and a.djscent plateaus, southwest Newfqundland Can. J Earth Sei., 14:2101-2120

" Brookes,LA. 1077b. Radiocarbon age of qumson s Head ,moraina, and m

significance for postglacial sea level changes. Can.J.Earth Sci., 14:2121-2128 ,

'Brookes,l.A. 1981. Geomorpholocp' Port aux Basques to Corner Btodk In:
Guidebook for Excursion Annuyal Meeting C.A.G., Corner Brook, pp.20-30

.+

aopkes [.A. 1682. Ice marks in Newfoundlmd A history of ideas.
Géog phys.Quat., 36:139-163 .

~ Claussen, K.E. 1062, Size variations in pollen of three taxa of Belula. Pollen et | : - ‘
Spom -4:168-174 ¢

‘ Colemln,A.P 1020. Extent md thickmess of the Labndor lce Sheet.

. Geol.Soc. Am.Bull, 31:310-328 , 4 T
Coleman,A.P. 1028. The Pleistocens of Newfoundland. J.Geol., 34:103-222

- of
4

Colinvaux)\P.A. 1064. The envtronment of the Bering Lmld Btidgo ~
"~ Ecol.Monogr., 34:207-320 «



171°

>
<

Cwynar,L.C. 1082 A Lat&Quatemary vegetation htstory from Hangmg Lake,
Nonhem Yukod. Ecol.Monogr., §2:1-24

Cwypar,L.C., Burden E & McAndrews,J.H. 1879. An inexpensive slevmg )
method for concentrating pollen and spores from fine-graied sediments.
-, ., Can.J.Earth Sei., —16 1115-1120 .

- 'Dahl,E. 1946, On dxfferent types of unglaclated sreas durmg the Ice Aga and
‘. . their s)gmficance to plant geography. New Phytol., 45:225-242
Daly,R.A. 1602. The geology of the northeast coast of Labrador. L X
" ¥ - Harv.Univ.Mua.Comp.Zool Bull., 38:205-270 ~ : . ] I

(Dalmman,A.\ry.H. 1984. .Some /o}cal iypes of central Newfou land and their
- relationship to environmental factors. Soc.Am.For., Fof.Res.Br.,
R - Washington,D.C., Conttib 506, For.Sci.Monograph 8
Dnmman ,A.W.H: 1076. - Plant dxstnbut.xo%n Newfoundland especially in relatlén o
to summer temperatures measured with the sucrose mverslon metbod Can:J. Bot

CB4:156L-1585 '

Damman,k W.H. 1983. An ecologlcn! subdivision ot the Island of Newfoundland. A
In: Biogeography and Eecology of the Island of Newfoundland, G. R South (ed )

Dr.W.Junk Publ The Hague,Boa\tog,\pp 163-208
Y

Davu.A.M 1084. Ombrotrophlc Peatlands In Newfoundland, Canada: Theu‘l
origms development and trans-Atlantic \!f' inities. Chem Geol., 44: 287-309 '

:Davu M.B. 1078, Pleutocene bloge%t;})hy of temporate deciduous forests
) _Géoscience 8 Man, 13:13-26

E ] Davis M B. 1081. Quaternuy history and the stability of forest communities. In:
T~ *Forest Succession: Concepls and Applications. D.U.West, HH.Shugart &
.D.B. Botkm (eds.), Sprmger-Verlag-New York, pp.132-1563

- Dm. M.B. 1083 Holocene Vegetational Hhtory of the Eastern United Staes. In:"
o Late-Quaternary Environmegds of the Uniled States. Vol.2. The Holocene.
R H.E.th;ht.lr. (ed.), University of Miqnuou Press:Minneapolis, pp.166-181

-

Dnvh MB. & Ford,M S. 1083. Sediment focullng in Mirror Lake, New
lhmpshln b’mnol Oceanogr., 27:137-160 ¢ 1

. DavieMB. Mosllar/RE. & Ford,J. 1084, Sediment focusing aad pollen faflux. In:

' : Lake Sdc‘mcnu and Enwvironmental History. E.Y.Harworth & J.W.G.Lund \
 (eds. ), Leicester University Press, pp.261-304 4

1’ v r 1 I ‘

4 ‘ ‘ ‘



-

Davis,R.B. & Webb T.IIl 1075. The comempm?ygistribuﬁon ofpollenin . L
Al eastern North America: A compuison with th j'egetatlon. Quat.Rea., 5:395-434 TT

LT T P T S . - - A SN ch eann
. B R .. E . ) R . Gy T
g . . N N - - <
- . . g s,
. ’ ‘o
. \ . ,
172 . ~
. . . '{.»
* <. ' . S
t - =i
3

Deevey,E.S.Jr:, 1049, Biogeography of the Plemtocene L Europe and North ‘
America. Geol. Soc.Am .Bull., 80:1315-1418 . - .

-

L ) g B AR
DruW.H. 1089. Plan& persistence in thexGulf of St. Lawrence. In: Essays in
Ganl Geography and Ecology. K.N.H.Greenidge (ed.), Nova Scotia ’
/ . Museum:Halifax,Nova Scotia, pp.105-148 . :
. ‘ .

Dubois,J.M.M. & Dionne,J.C. 199¢. *The Québec North Shore Moraine Sysl.em: A.
major feature of the Late Wisconsin deglaciation, Geol.Soc.Am.Spec.Pap.

Dyck,W. & Fyles,].G. 1083. Geological Survey of Canada Radiocarbon Dates
and II. Geol.Surv.Can.Pap. 63-21 , ) \

Dyer,AK. 1081. Di '{ferentmlwn of some morphologically aaqular species and
. tla application lo fossil material from the eastern Avalon Peninaula,
_./'\J + New foundland. Unpubl manus, _ v
¢ ¢

: Emery K ., Wigley,R.L., Bartlett,A.S., Rubin,M. & Barghhorn,E.S. 1067.
Frwh-water pesat on the contmental shelf Sctence, 158:1304-1307 4 '

Engstrom,D.R. & Hansen,B.C. 1085. Post&lncu.l vegetational change and soil
development in southeastern Labrador as inferred from pollen and chemical
atratxg‘raphy Can.J. Bot 63:543-561 o .

2

.
-

-~ E‘wronment Canada Atmaspheric Environment Service 1082s. Canadian .
A Climale Normals, 1051-1980, Temperalure and Precipitation, Atlantic Provmcca «

Enviropment Canada, Atmoaplﬁnvuonment Servlce 1082b Canadmn 3
Climate Normals. Vol.4 ee Days - ' P
: Faegrl,l(. & lvenen,.l. 1975. Tezibook of Pollen Analyn;o. 3rd Ed. Blackwell ) ' _’
Sei.Publ:Oxford ‘ . E o
o Farley-Gill,L.D.  1080. Contempom-y pollen spectra in the Jnmec Bay Lowland CON©
Canads, and comparison with other forest-tundra assemblages. o Co '
G Geogr.phys.Quat., 34:321-334 , ‘. i

Farmer,G.H. 1081. The Cold Otean [Eavironment of Newfoundland. In: The : -
Natuml Environment of Newfoundland Past ahd*Present. A.G. Mscphenﬂn &

'y J B. Macpherson (eds.), Memorlal Unlveraity of Newfoundland, pp.83-163 ..
F‘ornnld M.L. 1018, The contrast in the floras of eutern and western P | R
Newfoundlmd Am.J.Bol., 5:237-247 . 7 ’

> K ' . . .i ; “;



R ”

< / ‘ 173
N——— ‘ ”

o

Fernald M.L. 1025. Persistence of plants in ungiecieted areas of boreal North
'S America. American Academy of Arta 8 Sci. Memoir, 15:241-342

Flint,R.F. 1040 Late Quaternary changes of level in western and southern
‘Newfoundland. Geol.Soc.Am. Bull., 51 1767-1780

F'l.int,R.F. 1871, Glacial and Qualcmary Q'cology. Wlley:New York

Fowells, H.A. 1085. Silvics of Foreat Trech of U.S. Agr.Handbook No.271,> . S
U.S.Dept.Agr., For.Serv. Wasﬁingto,n,D.C. , ' N

Fredskild,B. 1073. Studies in'the vegetational history of Greenland. ‘
Palacobotanical investigations of some Holocene lake and bog deposits, ”
Medd Gml 198 No.4 . . 'y

. o ' ‘\ . = T -~

Fulton,R.J. & Hodgson,D.A. 1879. Wisconsin glacial retreat, southern Labrador. ~.
Geol.Surv.Can.Pap. 79-1C, pp.17-21 y

1 R {

Gilbert,H..& Payette,S. 1082, Ecologie des populations d'Aulne vert (Alnus

crispa(Ait.) Pursh) & ]a hmlte des fordts, Quebec Nordnque Géog phya. Qual

36:100-124 .

Gj {erevoll 0. 1963. Survival'of plenu oD uunataks in Norway during the R
Plemtocene glaciation. In: North Atlantic Biota and their Hu!ory Alove &
D.Love (eds.), Pergamén: Oxford pp‘281-283 e .

_ Gleason,H.A. & Cronquist,A. 1963. ‘Manual o/ Vaebular Planta of Northeastern

umtcd States and Adjacent Canada D.Van Nostrend Co New York-

Goyernment of Newfoundland 1974. 1960 Inventory Slalulu:e of For,cela ‘and
Forest Lands on the Ieland of Ncwjoundland

Grent D.R. IOBOA. Surficial deposits, geo lc features, and Late Quaternary |
" history of the terminus of the Northern Peninsula of newloundland and adjacent -
Québec-hbndor Mant Sedimentes, 6:123-126 .

Grant,D.R. 1069b. Late Pleistocene Readvance of Pledmont glaclers in western

Newfoundlend Marit.Sediments, 5:128-128 \ |
. K

Grant,D.R. 1972. Postglacial em?rgepce of northern Newfoundland.
Geol.Surv.Can.Pap. 7¢-1, Part B, pp.100-102

Grant,D.R. 1074. Prospecting in Neﬁvloun@md and the thepry of multipje
shrinking ice caps. Geol.Surv.Can.Pap, 74-1B, pp.215-216 ’



i

5!

Codee s T T l!‘/ ‘j'""?_‘f"‘ O N T B R L
R Y L R
| . A ’
Grant,D.R. 8. Altitudinal weathering zones ‘and glacial limits in western

Newfo d, with particular reference t& Gros Morne National Park.
Geol.Surv.Can.Pap. 77-1A, pp.455-463

7

‘Grant,D.R. 1077h. Glacial style and ice limits, the Quaternary stra‘tiguphtc \-

record, and changes of 1and and ocean level R&Aﬂmtnc?rovmca, Canada, °

Géog.phys.Qual., 31:247-260. ¢
) . -

Grant,D.R. 1980. Quaternary sea-level change in Atlantic Canada as an

indication of crustal delevelling. In: Earth Rheology, hoolaay and E‘ualaay

N.A.Morner (ed.), Wlley New York, pp. 201-214

. .

Green,D.G. 1981, Time series and postglacial forest eco}o’/‘ Qual.Res., .

15:265-277

- Green,D.G. r982 Fire and stabthty in the postglacial forests of southwest Nova 3

Scotia. J.Biogeogr., 9:20-40 : . *

Green,D.G. 1983. Interactive pollen time series. Pollen et Spores, 3-4:531-540

' Guthne K. 1881. Ezploralory Soil Survey of the Sandy Lake Area. '

‘N Qeol.Surv. Can Memonr 868

Unpubl manus. Canada. Dept of Agricultuze, St. John's, Nfld.

) Haddon K.A. 1975. A pollen diagram from a postglacial. peat bog in Hantu

CoultyLNova Scotia. Can.J.Bot., 63:39-47 ‘
Henderson E.P. 1972. Surficial geology of the AvaIK-Penimula
oy ' N
Hennmgsmoen K. E 1977, Pollen-analytical investigations in the bAnse sux
Meadows area, Newfoundland. In: The Discovery of a Norae Settlement in

America. A E.Ingstad (ed.), Universitetsforlaget:Oslo, pp.288-340 »o

Hibt;ard,J. 1983. Geology of Jhe Baie Verté Pcn\ sula, Newfoundland.
Nfid.Dept.Mines & E By Min.Devel.Div. \Memoir 2

. \
Hibbar ,J. 1084, Geology of the Baie Verte Peninsula. In: Mmcml Deposita of

]

. ew/oundland A 1984 Pcrapcctwc Dept.Mines & Energy, Govt. Nfld. & Labr.,

Report 84-3, pp.78-80

Hollan‘d B’@: 1081. Pleistocene refuge areas, and the revegetatlon of Nova Scotia,

. Canada Progr.Phys.Geog., 5:835-563 - . e

_Ellesmere Island, arctic Canada. Boreas, 14:10-32

14

i{yv&rinen,H. 1085. Holocene ppllen ctratlgnphy of Baird Inlet, 'enbcentr;l \
LN ;

L



P - .
- = x4 \ . AT - » v i~ ..
e e, T T I DY TR

. : 175
} . 4
Ives,J.D. 1678. The maximum extent of the Laurentide ice sheet along the east
cout. of North America during the last glaciation. Arctic, 31:24-53

Jar,obnon,G.F.. & Bradshaw,R.HW. 1881. The selection of sites for

- paleovegetational studies. Quat.Res., 16:80-96 _ \\\ .

Jarvis,J M., Steneker,G.A., Waldron,R.M. & Lees,J.C. 1088. Review of .
Silmcultural Rcacarch White Sprucc and Trembling Aspen Cover Types,
Mizedwood Forest Section, Boreal Forest Region, s
Alberta-Saskalchewan-Manitoba. Canada, Dept.of For & Rural Dev., For.Br.,
~ Dept.Publ.No.1156 ,

. _ - .
Jenness,S.E. 1960. Late Pleuwcene Elacintion of eastern Newfoundland.

Geol. SocAS: Bull., 71:161-180

King,L.H. 1972. 'Relation-of plate tectonics to the geomorphic evolution pf the
Canadiaq Atlantic Provinces. Geol.Soe.Am.Bull., 83:3083-3090

,King,GkA. 1085a. Climatic conditions in southeastern Labrador-Ungava during

the early Holocene..In: Arctic Land-Sea Interaction; 14th Arctic Workshop, -
Abatracls, Bedford Institute of Ocemography, Dartmouth, Nova Scotia, Nov.6-iy
pp 129-130

Knng.G‘A. 1085b. A standard method for evaluating radiocarbon dates of local
deglaciation: application to the deglaciation history of southern Labrador and

.8djacent Québec, Géogr.phys.Quat., 39:163-182 .

Kue,M. 1075. Palaeoecologxcﬂ mvuhgaiions of the Notse settlement site at
" I'Anse aux Meadows, Newfoundland. Geol.Surv.Can.Pap. 7514, pp 445-450

Labelle,C. & Richard,P.'1981. Pnlynolog‘xcal data from the Mont Smnb-Plerre -
Mont Jacques-Cartier region, Gaspésie. Presented st CANQ@/AQQUA workshop
on Weathering zones and the problem of glucier limits around the Nor!h
Atlanm, Mont St.Pierre, Gaspésie,Quebpe, Aug.1081

Lamb H.F. 1080. Late Quaternary vegetation history of southeastern Labndor
Arc!.Alp Res., 12:117-135

Lamb,H.F. 1084.  Modern pollen spectra from Labrador and their use in
reconstructing Holocene vegetational history. J.Ecol., 72:37-69

- : 3 A
. Lamb,H.F. 1085. Palynological evidence for postglacial change in the position of

tree limit in Labrador. Ecol. Monogr., 55:241-258 o

Leckie,D.A. & McCann,S.B. 1082. Late Quaternary glacial history of the
Hermitage ares of southern Newfoundland. Can.J.Earth Sei., 20:309-408 .

' r
. o
» .
v
. 4 >
. ] .

P



By, ™

T - 176

- Leopold, .E.B. 1858. Pollen size-frequency in New England species\of tha genus )

Betula. Grana Palynol 1‘140-147

Likens,G.E. & Davns,M B. 1975 Post-glacial history of Mirror Lake and its
watershed in New Hampshire, US.A.: an iniial report. '
Int.Ver.Theor.Angew. meol V ern., 10:082-003

. Lindroth,C.H. 1063. The fauna lnstory of Newfoundland, illdstrated by Carabid

. beetles. Opuacula Entomologica Suppl £8

\_/

‘Lig,K-B. & Lam, N.S-N. 1985. Pnleovegetationnl Reconstruci.ron Based on

, Modern and Fossil Follen Data:'An Application of Discriminant Ana.lym
Ann.Assn . Am.Geog., 75:115-130

Lifingstone,D.A. 19068, Some interatatii and postglacial pollen diagrams from
eastern Canada. Ecol. Monogr.; 38:87-125 .

lgvnngsione,D.A & Estes, A.H. 1067. A carbon-dated pollen dmgnm from the ,
Cape Breton Plateau, Nova Seotis. Can.J. Bot., 45:330-359

Ligingstone,D.A. & Livingstone,B.G.R. 1058 Late-glacial and postglacial
vegetation from Gillig Lake in Richmond County, Cape Breton Iasland, Nova
Scotis. Am.J. Scc 258:341-359 _

Lowden,.l A, Robertson IM & Blake,w Ir., 1071. Geologxcal Survey of Canads -
ndiocarbon dates ‘)\ﬂ Geol.Surv.Can, Pap 71-7

Lundqvist,J. 1965. Glacial geology in northeastern Newfoundland.
Geol. Forcn Stockh. Forh\, 87: 285-306 o

Lundgqvist,J. 1080. The deglaclntion of Sweden-ifter i0,000 BP. Boreas,
0:220-238 o S
MacClintock,P. & Twenhoiel W.H. 1040. Wisconsin glacistion of Newiound!md
Geol. Soc.Am Bull., 51 1720-1766
¢
Macphenon,.l B. 1080. Palynological and radiocarbon evidente for late
.deglaciation, Avalon Peninsula, southeastern Newfoundland. Fifth Int]
Palynological Con /eré_ncc, Abalra'a, 242, Cambridge

. Macpherson,J.B¥Y081, The development of the vegetation of Newfoundlaid and

climatic change during the Holocene. In: The Natural Environment of

Newfoundland Past and Present. A.G.Médcpherson & J.B, Muphemn (eds.), .

Memorial U&Newfcundiand, PP. 189-217 ‘ | ‘

N
[ "7»‘..\’.



PN [ . N o~ - - . S e
e R R R ST T, 1Y e el 7Y . o . C e e
S - TR

177 .

_—

Macpherson,J.B. 1982a. Peraiatence d}‘ glacial ice on the Avalon Pem‘nau;a
southeastern New foundland. Paper presented to annual meeting of C.A.G.,
, - Ottaws, June 10,1082.

. Macpherson,.! B. 1982b. ‘Postglacml vegetatxonal history, eastern Avalon

Peninsula, Newfoundland, and Holocene climatic change along the eastern
Canadian seaboard Géogr phys. Quql 36:175-108

Macpherson,J.B. & Anderson T.W. 1985. Further evidence of late-glacial climatic
flucfuaﬂons from Newfoundland: pollen stratigraphy from a north coast site. ln
Current Research, Part B, Geol. S'urv Can.Pap. 85-1, pp.383-300 .

Maher,L Jr. 1085 Pers Comm. Unweralty of Wisconsin, Madison.

quskl,P A, Denton GH. & Hughes, T.J71681. Late Wmconsm ice she£ in
North Amenca. In: The Laat Great Ice Sheels, G.H.Denton & T.J. Hughea (eds.),
Wlley New York, pp.87-178 -

McAndrewg,J.H. 1084. Pollen Analysis of the 1973 Ice Core from Devon Island
Glacfer, Canada. Quat.Res., 22:68-76 «

McAndrews,J.H. Bertl,A.A. & Norris,G. 1973. -Key to the Qualernary Pollen and
_ Sporea of the Greal Lakc Region. Royal Ontario Museum:Toronto PN

MecAndrews,J.H. & Davis, A M. 1978 Pollen analyau at the I'Ame auz

Meadows Norse site: a rcporl to Parks Canada under contract 77-38

,Mellars,G. 1881. Deglaciation of lhe Pouch Cove area, Avalon Peninsula,

_ Newfoundland, a palynological approach. Unpubl.M. Sc Thesm, Dept. Geography,

Memorial University of Newfoundlmd .
Mooro,P D. & Webb,J.A. 1078 An Dlustroted Gmde to Pollcn Analyais,
Hodder & Stoughum London Lo
Morriapp,A. 1970. Pollen dlagﬂms from intenor Labmdor C’an J.Bol., |
08: 1957-1075 . . .
. 4 ..
- Mott, B J 1974, ‘Modern pollen apoctra from Labudor G’eol Surv Can. Pap. . .
‘u-] Part B, pp. 232-234 e , g .
Mott R.J. 1675, Puynologieu studies of lake sediment profiles from southwest ™
Now answlck Can J. Earth Sei., 12: 213-287 g . ~

‘M_ou RS 1975!) Pa.lynologictl studies of peat monoliths for l'Anse aux Meadows

Nom dto, Newfoundlmd Geol.Surv, C'an Pap. ’IS-lA pp 451-454 %

~ et : 1 D
A . . . : :

v . .
¢ ,- - . B s ' '
L _'J" <. o M ) . R .. '4{'.



S S

178 e SR

Mott,R.J. 1076. A Holocene profile from the Sept-lles area, Quebec Naturaliste
Casn., 103:457-467

- Mott,R.J. 1678, Populus in late-Pleistocene pollen spectra, Can.J.Bol., . '
56:1021-1031 - - ‘ A

Mott,R.J. 1083. Lateglacisl climatic change in muitlme Canada. In: Cntlcal “« :
Periods in the Qualernary Climalic History of Norlhem North Amenca, ' - 4
‘Program & Abstratts, Ottaws, p.28 ’

e .

Mott R.J. & Farley-Gill, 1981. Two Late Quaternary pollen proﬁla from P .
Gatmeau Park, Québec. Gcol Surv.Can.Pap. 80-91 ' LT

Mott,R.J., Grant,D.R., Stea,R. & Occhietti,S. 1084. The Allerod/Younger Dryas p.

oscn]]at.lon in North America - fact or fiction."In: Sizth Int'l Palynologtcal
Oof ference, Abatracts, Calgary, pp.112 .
Mudie,P.J. & Guilbault,J.-P. 1082. Ecostratigraphic and paleoniaﬁetic studies of
Late Quaternary sediments on the northeast Newfoundlmd Shelf
Geol. Surv Can Current Research, 82-A. y,
Nagle,C. 1981. 1981 field investjgation at the Fleur de Lyo soapstone quuty,Bde
Verte Peninsula, Newfourdiand. In: Archeology in Newfoundiand and Labrador -
1684. 3.8.Thompson & C.Thompson (eds. ), Newfoundland Museum:St. John's, - '
pp.102-120 ‘ 4 L .
Neale,E.R.W. & Nash,W.A. 1863. Sandy Lake (east hall, Newfoundiand.)
Geol.Surv.Cih.Pap., 62-28 y

Page,G. 1072. The Occurrence and Grouith of Trembling Aspen in
New foundland. Dept of Env., Can. For.Ser. Publ No 1314. Ottnws -
Pn(;n;udA, Duboia JIMM. & Gwyn,Q H.J. 1084 D&glsciation et emey.ﬁon/ du
terres de I'ouest'de I'tle d'Anticosti, Golfe du Snintfhurent Quebec ‘ :
Gcogr phye. Quat., 38: 93-111 , } ; -

/o

. Payette, S & Gagnon,R. 1979. “Tree-line dynamies in’ Ungnva M@lj, northern

Québee. Holaret. Eeol, 320248 I
Penningida. 1079. The origin of pollén In lake sediments: an encloséd fske .,
compued with one mr.alvlng inflow streams. New Phylo! 83 189-213 '
R
Pennington,w 1080, Modern pollen samples from west Groenland and the ' :
Interpretation of pollen data from the British tho-GltciAl (Late Devemlm} New
 Phytol, 84:171-201 . -



LN 4

179
”

«

Piper,J.W. & Siatt,R.M. 1877, Late Qnatemarj clay mineral distribution on the
' eastern continental margin of Canada. Geol.Soc.Am.Bull., 88:267-272

Prest,V.K. 1984, The Late Wisconsinan G jer Complex. In: Quaternary v
Stratigraphy of Canada - A Canadian Contribution to IGCP Project 24.
R.J Fulton (ed ), Geol.Surv. Cw;}’ap 84-10, pp. 21-36

_ Prest,V. l( Tora.smse J., Matthews,1.V. & Lichti-Federovich,S. 1976, Late--
Quaternary hmtory of the Magdalen Islands. Marit, Scdumcnlo, 12:30-59

v Qum]an G. & Beaumont,C. 1082, The deglaciation of Atlantic Cansda as -
reconstructed from the postglacial relative sea-level record Can.J. Earlh Sei.,
19:2232-2248 :

aRichard,P. 1078 Histoire tardnglacmre et postglaciaire dd la Vegetation au Mont
Shefford Quebec Géogr.phye. Qua! 32;81-03

Richardson,J. & Hall,J.P. 19¥3s. Natural regenemhon aﬂcr disturbance in the

forests of cm!ral Ncw[aundland Env.Cda;, For Ser., NF.For.Res.Ctr. Info f

Report N-X-86

\
Richardson,J. & Hall, ﬁ 1873b. Natural rcgenerallon afler disturbance in the -
foreala of eastern New foundlgnd. Env.Cda., For.Ser.Info.Rep. N-X-00
) . ' . -
Ritchie,J.C. 1084. Paat and Prescnt Vegetation of the Far Northwest of Canada.
‘ Unlversity of Toronto Press: Toronto

Ritchie,J.C. 1085, Late-Quaternary climafic and vegetanonal clmnge in the lower
Mackensie Basin, northwest Cana.da. Ecology, 66: 812~621 '

Ritelne,.l C.& Lichti-l?ederovich S. 1067, Pollen dispersal phenomw in arch!-’
' aubnctie Canndn. Rev.FPalacobot.Palynol., 3:265-268 % - )

Roberu.BA 1985 Distribution and Ex;\oﬂt of Hnuo resinosa Ait. in -
Newfoundland. Rhodora, 87: 341-350

Rogerson,R. 1. '1981. The tectonic evolutlon and surface morphology of
Newfoundland. In: The Natural Environment of Newfoupdland Past nd
Present. A.G Macpherson & J.B.Macpherson (eds.), Memorial '
Univ.Newfoundland, pp.24-65 o

R&emn R.J. 1082. . The glaciation of Newloundland and strsdor [n: ciM - 7
Symposium - Prospecting in Areas of Q dgmled Terrain - 1089, PH. Davenport
(ed.), St. John s,Newfoundland. Aug.23-25,

X . 34
3% A

' . . . » . N ' &‘ - A‘ g X . / ) |
. o . e E e ' S i—' = i ‘ '_. L X co



" s ‘\
A 180 -

L

Rogerson,R.J. 1083. Geologlca.l evolution. In: Biogeography and Eedlogyof the. ..»
Island of New féundland. G.R.South (ed.); Dr.W.Junk Publ:The Hague,Boston,
— = PP 538 5

Rogerson,R.J. & Tucker, C M. 1672, Observatlons on the glacial history of the
" Avalon Pe M Marit.Sediments, 8:25-31

Rowe, Jé 1972, Foreat Regions of Canada. Dept.of Env.,
Can.For.Ser.Publ.No.1300

Rowe,J.S. & Scotter,G.W. 1973. Fire in the boreal forest. Qual.Res., 3:444-464

Ruddiman,W.F. & McIntyre,A. 1081. The North Atlaatic ocein during the last
deglaciation. Palaeogeogr.Palacoclimadt.Palaeoecol., 35:145-214

Rﬁn,kG. 1078. Native|trees and shrubs of Newfoundland and Labrador. ,
g Parks Div., Dept.o Touriam. Govt.of Nfid. & Labr., Park Interpretation
Publ.No.14. St.Johd’s \

Scogg H.J. 1879. The Flors of Canada National Museum of Natural Sciences,
Ottdwa, 4 Vols.

R L BN . .
Short,S.K. 1678. Palynology: A Holocene environmental perspective for
archeology in Labrador-Ungava. ArctAnlhropol. 15'9-35 »

* Short,S.K., Mode,W.N. & Davi.s,Ps 1885. The Holocege record from Baffin

lsland mod:;xnd fossil pollen studies. In: Quaternary Environments: Eastern |
c)

V Canadian Baffin Bay gnd Western Greenland. J. TAndmn (ed.), Allen
& Unwin Boston, pp. 008-642

* Short Sk\& Nichols H. 1877. Holocene pollen diagrams from sub-aretic
. Labrador-Ungava. vegetational hiatory and climatic chn‘:ge Arct. Alp.Res.,
. 6:265-200 . o
g Stork,A. 1063. _Plant immigration in front of .retrenting glaciers, with sxamples
>~ from the Kepnekajse area, northern Sweden. Geogr.Ann.A., 45:1-30. 7

. Strong,D.F. 1984. Geological Relationships of Alteration snd Mineralizatiop at
Tilt Cove, Newfoundland. In: Mineral Deposils of New foundland - A 198
Perapeclwe Complied by H.S.Swindon. Dept. of Mines & Energy, Government of
~ Newfoundland & Labrador, Report 84-3, pp.81-90 ‘.~ _ .

.Butherlmd D.G. 1980, Pmblems of radiocarbon dlting deposits fromeawly

doglscln terrain: es from th Scottish Lnegltchl In: Studies in'the
Lateglacial of Nofh.Wat Europe. 1.1.Lowe, J.M.Gray & JE.Robinson (éds.),
., Pergamon Press:Qxford -, . d
; S ) .

...’



LA

Terasmae,J. 1678. In starch ot s palynologxca.l tundra. Geoscience and Man,

- 181
o v 7 |
Terasmae,J. 1083. Three C-14 dated pollen disgrams from Newfoundland,
Canada. Adv.Front.Plant Sci., 8: 149-162

Terasmae,J. 1067. Recent pollen deposition in the northeastern dutnct of . -
Mackenzie (Northwest Territorities, Canada). ,
Paleogeogr.Palaeoclimat.,Palececol., 3:17-27 - - .

Terasmae,J. 1973. Notes of laté Wistonsin md early Holocene hmtory of.

A

vegetation in Canada. ArctAIp.Rn 1:201-222 . : o,

16:77-82

Tgn.smae J. & Anderson,T.W. 1670. Hypsithermal range extension of white'pii:e - :'/» ' B
(Pmua strobus L.) i in Québec, ada, Gan.J.Earth Scs., 7:406-413

Terasmae,J. & NotR.J. 1071. Fostglaciakhistory and palynology of Sable
- Island, Nova Scotia. Geo g_ence 8 Man, HI, 17-28 . r e

Tucker,C. M. 1078. The Glacial Ceomon;phology of West-Central Newfound|and;
Halls Bay to the Topsails. Unpubl.M.Sc. Thesis, Dept~ Geography, Memorul
University of Newfoundland
P ) ¥y . »
Tucker,C.M. 1974. A series of raised Pleiftocene deltas: Halls Bay,
Newfound!md Manrit. Sedlmcnﬁlo 17 ’
A B
Tucker,C.M: 1076: Quat.emnry studnea in Newfoundlmd sahort": ibw ‘ -,
© Marit.Sediments, 12:61-73.. ' A - |

Tucker,C. M & McCann,S.B." 1980. Quamnary evenu on the Byrin. Panimula, '
Newfoundland, and the islands of St.Pierre & Miqueton, ance Can.J. Equh ‘ oo
. Sc: 17:1462-1479 ) A 4

iation in central Newfoundland. Geol.Asan.Can. Program with Abalracia,

' th#::er,D G 2 Sparken,B G. 1082. Evidence for limited late Wisconsin

~Waitt,R.B. Jr. 1081, Radial outﬂow and unstosdy retreat of late Wncomln t.o

early Holocene jcecap in: tSe northern Long Range Upland, Ne‘wfoundlmd

Gcol.Soc.Am Bull. Part l 02:834-838 n

Walker M.J.C 1075, Late Cﬂu;id and Early Poctglsclnl ettvironmental histqrw of .
_ the eentn}\rﬂmghn nghlmga Scotland. J. ngeoa . 21266284

)
|- Watts, WA, 1970, Quturnary vmmton of ccntul Appsltchit and the

N«hmy pllin EcolMonogr.(Om-«w [ u . '-



BT

'(

¥ ,‘ -162 - .- .
/ ' Y ‘ : . : ’ . ¢

- v . ‘.

Webb, T.1I, Cushing,E J. & Wright, HE. Jr. 1983. Holocene Changes in.the .

Vegetition of the Midwest. In: Late-Quaternary. Environments 8Y the United

States Vol.2. ‘The Holocene. H.E. Wrigbt,.lr (ed ), Umvemty of Minnuou !
" Press: Minnupolh PP- 142-105 .

v
- P

p Webb T I, Rnchard,P JH: & Mott R.J '1083. k-lgpped history of Holoeene

. vegetation in southern Québec. In: Climatic Change in Canada 3. Chmcmc

Change in*Canada During the Past 20 000_)_@:“ Syllogeus No. 49 Nuioml o

 Museums o! Canads. , B

> o ! ) - S

‘Webb.T.III, Yoracaris,G.Y. & Richard,P: 1978. M.pped p:frm in udimgig- -

samples of modern pollen from southeastern Canada and northmmn United

'):':"
-t
. LR
- y
- 1
o
)

’ States. Geogr. phya Qual 32:163-176 © - — : - -~
Wenner C G. 1947. @ollen du;r from Labrador. Geogr.Annlr 29: 137-373 -
<
Wllum w.C. & Evans,C.H. 1974. New!oun land forest fire hutory, 1619-1960
Env:Cda., Forest Seice, Nfld.For. Ru Ctr‘ lnformmon Report N-X-1168
Wright H.E.Jr. 1984 Seimtmty and Tesponse tune of nuunl systems. to climatnc 5 3
change i in the Late Quaternary. Quat Sei.Rey.,3:01-131 A
. - 3 TN T
Wynne-Edwards,V.C. 1037, Isolated arctic-alpine floras in eastern Noﬂh P Ly
*, America: a discussion of tbeu'“ilscul and recent history. Roy.Soc. of C(mada e
Tmm “ 31:33.58 - : . ;7
A _ A - - :‘) 3
. # S ;¥ ~
- .. :h__.! —- » ' ‘;:
- o '}
// ,
/»/3"' . v -
v. [ Y [ 4 -‘ . .
y roL
k) . Y
e ' o N ¢ ¥
~ A Nem e © ¥
‘ . . “ ' oyt ST ; .
- . DL VR - ey o
& N ' .. 7 I
: » L [} ' ¢ ‘3 N
® I . - Py U K
LS AR " ' ‘ ".‘ ? . TF‘\
® 3 N - - ‘_"“ N ~ —:.
- ; Y S
R ! . ' R
’ f \ ; IFIRY &
" ¥ . “a . : - r
) L g N . L \ N e o
L] ’ - R, «M, n ""l. ~ ! A4 ) "",
| . o / o W, o
A i ' BN ¢ ST ’ -









= = = =
o, s < — . — S S _ 3
_ o <
' -
“, : _ = eeseaps &
n : e
N |
ZE2 |
- =
e P =1 I
; S
= e d A
2
-
°\°° o~
<,

1
I
{
5
%
|
|
%
!
L

| i . .
- R e i : e N
D B _ - ===
s g | u ot
| - - g 4 | S S5 E
S BN N .. . 4
= —n ey - | | fh
%, .&H_rilﬂqa P e 'uiP'lﬂulﬂu.NJr ...Nl.. = : | s ” . Ih |
o : 4 | |
\!\VQQ = —p— = n . | . Ad. a 'l_
\0%\0 T ” 1 = - ; = ; [ﬂ- . .
@y, L r T 14 -y — : - ] :
S =i : — yoa = * = o i Ay %
. et
o, we, e g e ] : . - : 4 , l
Ly, \\\\v@ 0\0\ " e - . § ; . = wl.l
0\\..\\\ 3 = 0 i . . A A A T o
o, 7 | |I \ -“
> ‘\le\\‘.\Q 1 T D [ ” b e . 1
\c : | 25 T T ¥ £ M T .N. - =
, iz ot 1 T T = i NG USVI = e . q i1
o, he TN et - e | i i = | . . o r
DQOo 6\\\«1 Irnn-“ul B L e I e | N e . | . . : . iy
£ ) e - _gaax Sl T T e 1T m—— A s g llwqms
T, <, ‘o e S 3 4 : = . = _ : Vp .0
“n, e i P fr it g sl ’ . . . il
Py - . — T = T T -y
-, 2. == . - -
k\é\.ﬂ@o& > L T T T e, e T
“, \!&Q > L % P T - % R e s Y !
T ey, a ] T 5 - PSS S S S P S = ;
Oev.v 1 S S O P S D S PP = : ] l i
— S = Sl oassh = ] fv ’l
A.\b.n\hv S A A A e g el o W. .m | |
!«\Qo: B e L s ’ : | | m . NI
da & e | Ol
e LC : m r m "
3 ==z
?kb@ & T + T T = NM MI“.MNNHW
6&\@\\0 o lm.nn@ . =, = T v T - hummmmnnﬂr%wﬂ
O\Qt\\\ta\ T T ”M”H-Brlpnmﬂmﬁﬂm
0\\63.\0.\ .ll||.|.-|rl|w| s . C.V.MI.UPOL..NIU
o TS ol — ™ . = Wl
0'00000“0&. [ = . ... "
oy, e, "o, -~——— : = :
| 0 : i T——— — e
e, OQ\N‘QA\M\O\\(O T ¥ T
D o = —e
B S S = T -
Qb\l\o h | ”
: m w —— A i - e ... M. 2
‘\. ' - "
-, \@‘\(Y & A = . - "l
!t\ : = o . S i T s
e, - = . | .
\QQ\D« > 1L ra -~ o — q 1 ..-Iu
- y - . i - i
®o, . =1 4 | b i,
5 . PR ETNEY I
“‘q - - e e a.m A ‘ i - s | Mam“v
n‘b -a — _ . s C
5 | — Ay S © = it
.'.a\\ e PSS B = = .ﬂv : :
: = — S A sen g T T T T]
- o e = 2 T v -y + a—n_g Y e R SN
s = — e A m e e . : : —4 -
©g T | Poon | . i ... .
0§§\0 = ™ - X : e r...ﬂ e & :
-, R - + - T |>|»l|.|trli. v | « ..u.
SO ; . _ " : 1T,
“n, “oe T i t - T me ] \ .
— ; \. - | 1
& . )|n[..|xh.. 1 : »n.sllan .>|)|\['.!1In.|fw_q.|.\.r.|. e 4 o 3% s
. el v - ¥ ey = ] £ : r’
o, A = NN, “. _ I
.b.\(lw _ . | - v - .|l”«”n-.|‘.\u|)l‘\“.m[! i [ 1 | m
-, —Cl A aa_gTI A . | | ) m
o,
iy Ay e A . | L
I'\Av\“ |4‘I\-| . ) |‘ ‘
B — = e
X ﬁ\'.\l’lru‘nﬂn—l’u|‘|ﬂ\”_J |
T z _ W \ 1 .
el = - 2
- _ - = - — T
= = ™8
< i : .
= . :
i L4
..
L

|
L] P,

23
-‘

@luolwwBow wi0D

=
S
Fuo-azv-ad m T Z=0aCs

d4a WA vi—-D

i 4 a.8l)
Flgure A.%: Compass Pond Il (50°02°03'N 56%74Y'W ca. 236m
Pollen Percenlage Dlagram



o A Dy

=3 w | ]

Es i — [ 1 -
52 z _ z g & &
a=E S s & 1

Ml

Nl

Y RBRRN = 2 fAmwe 9 = B RR o oRleome omc & o ® o~ o8& T 2HRERS & S D R Sse 8 oW w0 = B RANARA N =oe € w» W & = o 9 &
< S — = 8 .= b = : 3 ZERET = T
-, s\..ﬁo«\w;ﬂr B5E H B 298 2 R % B8 G ETEAS BBE 5 H = 9 = BEERS 3 B O % BREI B8 5 @ EERS ZEaRR £ B38 = B = o
e “ 5 n g
Ve, e PSS e s s R ~B -~
e, —
o,
7 S =
., i, [ S S U = e e e B S e
e,
<,  ® o, l_
<, o
Co, g s
S, By Pp X
\.vu\\n" R\.O\ e, B e N - T B i e T e S
I\\I\..S.\.\n\ L N P M S e e =13 2 . . £ E
- Qi\”l.\\a\ i - —a — : - —_—
o, 0\\\0 1 : . v : s B = 8
B g S N L WD 1 e e R e . B e PR Ly - 2
—— - D e -
o0 St A e I " DN - Y - - - — -~ — = T
Ve, H a - PTG SN CIP NS S | g e el e e S
. ~o, & Ty ¥ ]
2. \.vt\av\ “o = = « ] = o | = o i = = A
T, e, T T S T e N T T
e < = | 2 B
Q\.\\\\VAMVVM.\. T P = -~ - g~ o -—— - 3 e = -—— — N —— -
LN “e, L o ¥ . 3 T r 1 ] ]
Loy e e, | = — g ] g | ]
R S S g 7 3 [ 5 []
e IE——— - | 5 R b - ] 3
2 %, T 8 [ [ A | =
T, e L | T 2 T
I G P - -~ ] | 3
- G- e = ¥ L2 s B 2 - pih—
£ B
'\b-\\.\uf o P T T i’ 1] ¥ T
e e I - r 5 s e L
0'.!0“\60.0 [ - -~ T > o )PW.III —. + - —
B s i p——— e - - t =1
. Yy P : S o . - - T e ; 3 1 e
Q\v(«‘ 2 ke A aag e o : " e e ]
-
T, < o = < o | < f
O‘vn..O = - T T o L 3
. —— == P :
0(0‘\\)&. 2. s z e — e +
<, E #
T LA i a Ly - -~ - T = 4 - e o e e e o e a
g A — 2 = ] PP P A S 5 5 S S S S —
o, e 1 — e T 5 e
‘0}?\.\.\*\? L D e T = R B e e e S ¥ rizx s &1
s L 7 —gy S i S G P e m}. e fr- —a -

L]

o E—

o x A r * = e T — — r

L R SN s & po e 3
T

¥

- .
S I T S e e
‘\.V'\ l_

‘
-
Sl wWhDew wioD - Semmmamemememee e S e = ! = !
ABoiouiy B e S O] ) — — — ) —

2@ W) TL—D

» it grsend
Fiqure A2 Compass Poad Il (50°0200°N S6%114T'Y ca. 236m....)
Pollen Concentration Dlagram tx0? grnseem?)




=== s - = w -
S & & s P | &

"

AN AERA RN RN R AR RN RNV RNANANS]

]

»

1

P ra = ’ i = .w

e — ) e 7 B

3 v v f ™ T

- T

2
: :
- - - adl i + - ~
=5 PR | 2a - b T e
; = - e 5
= L s == o K
—— > v ——— — : —r
e T T LE | T T
— P e | [ ]
: : — ; - —
—= : . k 3 ——
. s - - = —
T ) - — - Y
: : nE ESE—=pp o fonrpso ey e e,
e 5 R I TR et
+ T ——— T + P — 7 T
| e == I e e ST e e e e e L
. S Sy - ST SRR (ST e e
= e e ) e il e e EEe = S e
= e e L e : 3 ;
C X e rl — e e o W o
A T T N T T —
|
P O 1 —ry PR L T 2T T 1T =
H

§
=
=
=
—
=
;

siuowWwOee sLion

Adoieung
¥l =aA v —D

et Koy

Wy
pollan Inflix Dlagranm (ett! graseear® o)

Flgure AJ: Compass Pand |1 (50°0203'N 56°(147°W ¢a, 208m.a.s)



Q*éLocaI
8 Pollen Zones
§8p-2
SSP-1ll
S5p-1

\
b@

haea

| Isoelas
ymp
Ty Typha

NN

¥ = —=
= . -
> = .
\\Q .0.\60 —
-, =
= ~e o, -_— - :
<> T O — _— B T T = LA
L ¥ ¥ 1 ] 3
L 3 . . =
T T T = =
1
T T : e

-
=
S
>
i =
n.vu a> =
N — -_—
-_—_ == e
> > —- a>
—_— = = =
&S — = &
= 2 - E =
0 A a5 = e OB
L Q> — — —
e u!“ anvd
P T —
ST s a=3 =
e =3
= oy e =
= —_— >
CO L O o o ==
a»
o
<ax»
<
e d <>
=1 a ==
— <o
= D
0= e
= E o=
a == on @
— Obm
<o o
L - N —

Py
¥
s ~ac — <a
=, on\o —_— — ] = e
-2, - o - i ey W T e
T T T T = —
P on | . .. ¥ - 3 s
00 L il e e —_— —o — ==
i T e T B =
T —
R - :
i =
T

SEljuswuwSSos SSaoD

e e ey
ABojoUulrm e e e
e S e

Al SJ4A TL—D s
=

Andt: AK Dyer

Flgure A4 Small Serape Pond Il (48°5659'N 56°0517°W, ¢a, 22ma.sl
Pollen Percentage Diagram



onélnk
Infar,

38
Pl |-~
)

= R Ly S oo == - m -

-—i =5 = A, T L — >

KMmf

Aol AX Dyt

i A5 Sl Strge Pond | SE56W S50 e, g

olln Connrfon Dl Bfynoon”









