
Journal of Coastal Research Fort Lauderdale, Florida

Relative Sea-Level Change and Coastal Response,
Northeast Newfoundland!

John Shaw and Donald L. Forbes

Geological Survey of Canada
Bedford Institute of Oceanography
Box 1006, Dartmouth, Nova Scotia
B2Y 4A2, Canada

~"""".,t!m:i••• • •

--a ~... 4&.....

ABSTRACT _

SHAW, J. and FORBES, D.L., 1990. Relative sea-level change and coastal response, northeast
Newfoundland. Journal of Coastal Research, 6(3), 641-660. Fort Lauderdale (Florida). ISSN
0749,0208.

Sand beaches and coastal dunes are prominent features on the northeast coast of Newfoundland,
between Bonavista Bay and Hamilton Sound. This is in contrast to most other parts of the
island, where coastal progradation typically takes the form of gravel beach ridges. At Man
Point, near Musgrave Harbour, an extensive beach- and dune-ridge foreland is mantled by
freshwater peat up to 2.9 m thick. Radiocarbon dates on basal peat are 3,150 ± 90 BP, 3,060 ± 90
BP and 2,740±60 BP (unadjusted), The base of salt-marsh peat landward of the harrier is dated
at 2,980 ± 90 BP. At Deadman's Bay, where moribund flood tidal deltas, flood channels and
washover fans at the north end of the barrier system provide evidence of an arrested trans
gressive phase, organic deposits at two sites are dated at 1,780 ± 80 BP and 1,260 ± 70 BP. An
extensive, partly buried, peat unit overlying old dune ridges at Cape Freels is dated at
l,630 ± 50 BP. We also report on a core from a backbarrier marsh at Eastport, in western Bona
vista Bay, where freshwater organic material at - 3.3 m is dated at 5,490 ± 120 BP.

The evidence from these and other locations suggests that, between 12 and 10 ka BP, relative
sea level fell below present datum to an undetermined minimum. During the subsequent
transgression it was still below - 4 m at 5.5 ka BP, but had reached approximately - 0.7 m by
3 ka BP. With relatively early termination of the Holocene transgression, some coastal deposits
in the area were stabilized, becoming mantled by woodland, marsh and bog. We note the appar
ent absence of major glacigenic sources, such as those which supply material to prograded
coastal systems elsewhere on the island, and suggest a likely course for the episodic postglacial
evolution of coastal sediment bodies in the region.

ADDITIONAL INDEX WORDS: Dune ridges, relative sea level, beaches, palynology, peat.

INTRODUCTION

Although it is intuitively apparent that rel
ative sea-level change is a major driving force
for coastal evolution, an understanding of how
the two are related remains elusive where the
pattern of relative sea-level change is either
unknown, or poorly understood. Parts of the for
merly-glaciated island of Newfoundland (Fig
ure 1, inset) fall into these categories. Relative
sea-level curves have been published for only
two regions. GRANT (1980) and QUINLAN and
BEAUMONT (1981) indicated patterns of fall
ing relative sea level during postglacial time in
the Great Northern Peninsula. A different pat
tern was demonstrated for the St. George's Bay
area of southwest Newfoundland, where rela
tive sea level dropped from a Late-Wisconsinan
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1. Geological Survey of Canada contribution number 27389.

highstand to a postglacial minimum, before ris
ing once more (BROOKES et al., 1985; GRANT,
1987). Evidence emerging from recent near
shore seismic surveys (FORBES and SHAW,
1989; FORBES and SHAW, in prep) suggests
that the postglacial minimum was at least 25 m
below present sea level.

The nature of Late-Quaternary relative sea
level elsew here on the island remains enig
matic, and in most areas the Late-Wisconsinan
marine limit is the only published information
available (for example see JENNESS, 1960;
TUCKER, 1974; GRANT, 1980; TUCKER,
LECKIE and McCANN, 1982; BROOKES,
1989). While numerical models were used to
derive sea-level zones (QUINLAN and BEAU
MONT, 1981, 1982) for Atlantic Canada,
including Newfoundland, some of the subse
quent evidence (LEWIS and MACPHERSON,
1987; SCOTT, BOYD and MEDIOLI, 1987) has
shown they do not correctly predict the course



642 Shaw and Forbes

40'
-~---~-- I

--------L. _

50'

j'49'

115'

'Ct
BONA VISTA

~(.c CJ BAY

I (

i36m " i! ','

~ 300' ' '

ATLANTIC
OCEAN

10

40'

'",

,/~~-, -.

)

\

t~/ \

km

/\'

oP PENGUIN
ISLANDS

I '\

dP "

.' - : _.: _.'~.,". "' I ,

'-'~~~LLO~~Y-:""
BROOK

-36m

:,,-,-::::__,--MAN POINT

_ .•_ 1. __. ,

54°30'

HAMILTON SOUND
, ~'O(0

LADLE POINt" (,

. -,,: RAGG~D POI~~

Figure 1. Location of the study area, and place names referred to in the text.

of relative sea level across the island. Conse
quently, a major objective of this paper is to
present evidence of relati ve sea -level change
from a region where it has hitherto been largely
unreported, namely the northeast coast,
between Hamilton Sound and Cape Freels (Fig
ure 1).

Our second objective, closely related to the
first, is to describe the organic deposits associ
ated with coastal sediment systems in the study
area, and to account for their formation. It
became apparent from early field reconnais
sance that the organic deposits overlying pro
graded forelands, barriers and dunes along the
coast are, in places, thicker and hence (we spec
ulated) older than those observed elsewhere on
the island. Peat, both freshwater and salt
marsh, is commonly found overlying gravel
beach-ridge plains scattered along the other
wise rocky coast in many parts of Newfound
land (SHAW and FORBES, 1987,1988; SHAW,

1989), Thicknesses vary, but the maximum
observed by the authors is a little over 1 m. The
oldest radiocarbon dates which we have
obtained from this type of environment include
2,100 ± 110 BP (Beta-19570) at Placentia (Fig
ure 1), 1,210±70 BP (Beta-19581) at French
man's Cove (Figure 1), and 1,350 ± 70 BP (Beta
19583) at Flat Island, in St. George's Bay (Fig
ure 1).

We have reiterated in several papers
(FORBES and TAYLOR, 1987; SHAW and
FORBES, 1987, 1988; SHAW, 1989; FORBES,
TAYLOR and SHAW, 1989) the strong links
between sediment supply and coastal sedimen
tation in Newfoundland. Gravel beach-ridge
complexes, in a variety of configurations con
trolled by local physiographic setting, are
located downdrift of eroding glacigenic depos
its. By contrast, preliminary reconnaissance
work along the northeast coast revealed that
there were extensive areas of coastal progra-
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dation not obviously linked to major sources of
sediment. In addition, whereas many beaches
elsewhere on the island are composed of gravel
(FORBES, 1984, 1985; FORBES and TAYLOR,
1987; FORBES, TAYLOR and SHAW, 1989),
the northeast coast appeared to be sand-domi
nated, with extensive beach and coastal-dune
development. The third objective of this paper
is to describe these distinctive depositional fea
tures and to comment upon their evolution, in
relation to both changing sea levels and to the
apparent absence of glacigenic sediment
sources.

STUDY AREA

Coastal Setting

We focus primarily on three locations on the
coast between Hamilton Sound and Cape Freels
(Figure 1). These are the peat-covered beach
and dune-ridge foreland at Man Point, the bar
rier at Deadman's Bay, and the coastal dunes at
Cape Freels. We also present evidence from a
coastal site at Eastport, in western Bonavista
Bay, 70 km south of Cape Freels (Figure 1), and
from several other sites in the area.

Relief in the study area is subdued, with low
hills rising to a maximum elevation of 70 m
within 5 km of the coast. Bedrock is predomi
nantly Paleozoic grani te (J A YASINGHE,
1978), During the Wisconsinan glaciation ice
moved radially outward from central N ew
foundland to cross the present coast (JEN
NESS, 1960), leaving a thin veneer of till over
much of the study area. The coastal fringe is
part of the "eastern hyper-oceanic barrens"
ecoregion (DAMMAN, 1983). With a present
climate that is cool and wet (BANFIELD, 1981),
blanket bog development is extensive and for
est cover is sparse and discontinuous.

Salt marshes are largely absent from this
coast today. However, they occur widely on the
island (THANNHEISER, 1984) although they
are typically small in extent. A variety of asso
ciations exists. Species of the Chenopodiaceae
family are typical components of these associ
ations, and occur in both low and high marshes.
Seashore plantain (Plantago maritima) is com
mon, and is mainly a high marsh species, some
times forming pure swards.

At Cape Freels (Figure 1), several rocky
islands are linked to the mainland by sandy

tombolos which enclose shallow brackish
lagoons. Between Cape Freels and Hamilton
Sound a number of predominantly sandy
coastal sediment systems are present in a range
of settings. These include the large tombolo at
Lumsden and the bayhead barrier at Dead
man's Bay, which together form a major sedi
ment sink, bounded to the west by a prominent
headland. Between there and Man Point the
coast is relatively straight, with a fringe of thin
gravel beaches. The small coastal compartment
at Shalloway Brook contains a sand beach and
well-developed dunes. The large depositional
foreland at Man Point, southwest of the Pen
guin Islands, constitutes a second major sedi
ment sink, with some leakage of sediment west
ward to Ragged Harbour.

The inner shelf in the study area is charac
terized by relatively subdued relief. There is,
however, a marked break in slope at about 70
m water depth, 15 km offshore from Cape
Freels. Of particular note is the shallow area
between the Man Point foreland and the Pen
guin Islands. Most of this area is shallower
than 9 m, much of it shallower than 4 m. We
return to this feature later in the paper.

Although there are no records of wave cli
mate in the study area, wave conditions at the
coastline can be inferred from studies by NEU
(1971, 1982) and WALKER (1984). These sug
gest that wave energy levels are lowest in the
summer months but rise from October onwards,
to peak in December, when most energy is asso
ciated with waves approaching from the south
and southeast with periods between 6 sand 7 s.
Sea-ice cover (>400/0 normally) is present by
January 31 and remains until after April 30.
Tidal range is approximately 0.8 m (mean) and
1.2 m at large tides (CANADIAN HYDRO
GRAPHIC SERVICE, 1987).

Sea-Level Changes

The history of Late-Quaternary relative sea
level in this part of the island is not well
known. The models of QUINLAN and BEAU
MONT (1981, 1982) placed the area within
either zone C (early-Holocene drop in relative
sea level, followed by a rise) or zone D (contin
uous rise throughout the Holocene). JENNESS
(1960) showed that the region lay within the
zone of high Late-Wisconsinan relative sea
level. Raised deltas in Bonavista Bay, at the
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seaward ends of outwash valley trains, occur at
about + 30 m elevation. An increase in deltaic
elevation toward the west suggests a marine
limit in the study area above + 30 m. GRANT
(1980) showed a Late-Wisconsinan marine limit
of + 43 m, mid-way along the coast in the study
area. Regarding the timing of the high stands,
BROOKES (1989) tentatively assigned strand
lines at elevations up to + 26 m on the Bona
vista Peninsula, on the south side of Bonavista
Bay, to the period 13 -12 ka BP. The highest
elevated strandlines in the study area may date
approximately to this period.

A sample of marine barnacles contained in
silty clay at Parsons Point (Figure 1) in western
Bonavista Bay (D.G. VANDERVEER, pers.
comrn., 1988) yielded a date of 12,000 ± 240 BP
(GSC-4182). The sample was at an elevation of
+ 2 m , indicating not only that Bonavista Bay
was ice-free by this time, but also that relative
sea level was above the present level. DAVIS
and WICKHAM (1987) published a date of
10,290 ± 380 BP (W AT-888) for basal birch
(Betula) wood, contained in peat exposed on the
beach several kilometres southwest of Cape
Freels (Figure 1). Relative sea level was prob
ably below the present datum at that time.

JENNESS (1960) cited evidence obtained
from local fishermen and others which sug
gested that, relative to rocks in a number of
harbours in Bonavista Bay, sea level had fallen
during the first part of this century at rates of
0.3-0.6 m per 100 years. It is not clear whether
the accounts refer to bedrock or to boulders. If
the latter we suggest that the apparent move
ment may have been due to ice heave. Other
wise, these observations are puzzling, since
they are at variance with the very limited
change registered at the St. John's tide gauge
(FORBES, 1984).

METHODS

Grab samples of beach and dune sand were
obtained from surface exposures, natural sec
tions and shallow pits. Samples for pollen
analysis were taken from an exposed peat face
at site 1 (Figure 2) by the insertion of 4 em
diameter plastic vials. A Hiller borer was used
to define the stratigraphy along the cross-sec
tion at Man Point (Figure 3), and for detailed
coring at site 2, sites 3 and 4 (Deadman's Bay),
and at Eastport. Topographic profiles and sam-

pl e elevations were surveyed using standard
methods, taking sea level as a local datum. Tide
tables were used to estimate all elevations rel
ative to mean water level (MWL). Vertical air
photographs at various scales dating from 1966
to 1976 were used for geomorphological analy
sis and interpretation of recent coastal changes.

Numerical simulations of wave refraction
were run on a Cyber 173 mainframe computer
using a modified version of the Fortran program
published by MA Y (1974), with wave heights
and periods characteristic of the region. In the
laboratory, iron contents were determined by
sequential leaching (FITZGERALD et al., 1987)
and total organic carbon amounts using a
Leco" carbon analyzer. Radiocarbon samples
were dated at the Radiocarbon Dating Labora
tory, Geological Survey of Canada (GSC),
Ottawa, and at Beta Analytic Inc., Coral
Gables, Florida. Excepting GSC-4509, all dates
referred to in the text are corrected for 8 13 C.
Radiocarbon determinations discussed in the
text are listed in Table 1.

Pollen samples were prepared using standard
techniques. Preliminary heating in sodium
hydroxide was followed by treatment in hot
hydrofluoric acid and by acetolysis. Towards
the end of the process, when the samples were
in distilled water, sodium hexametaphosphate
was added. An ultrasonic vibrator was used to
wash unwanted fines through a 10j..lm sieve
before staining and mounting in glycerol. Lyco
podium tablets were added to determine abso
lute concentrations of pollen and spores. The
pollen diagrams are based on counts of 300
grains of all pollen and spores.

RESULTS

Man Point Foreland

General Description The foreland at
Man Point (Figures 1, 2) is composed of a series
of peat-covered parallel ridges and swales,
trending southeast to east, truncated by the
present coastline. Crest and swale elevations
are typically + 2 m and + 1 m (respectively)
above MWL, with local relief of up to 2 m in
places. The foreland, composed of medi urn sand,
is lowest in the central part of the cross-section
(Figure 3) where some of the swales are at
MWL. High-angle crossbedding seen in beach
exposures suggests that the upper parts of the

Journal of Coastal Research, Vol. 6, No.3, 1990
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Tahle 1. Radiocarbon determ in ation s discussed in the text. All dates are bUC adjuuted, except GSC-450.9.

Location, Lab. 81:3C Elevation
ma tcrial" number" Unadjusted Adjusted (0/00) (rn as l)

Man Point, P GSC-4509 2740 2- 60 1.10
Man Point, P GSC-4520 :3320 -j- 90 3150 ± 90 35.4 1.14
Man Point, M GSC-4592 2940 -:±:: 90 2980 ± 90 - 22.7 - 0.15

Man Point, P GSC-4604 270 ::l=- SO 210 ± 50 - 28.9 2.40
Man Point, P GSC-4662 3120 :i- 90 3060 + 90 - 29.0 - 0.10

Deadman's B., P Beta-27233 1770 -±- 80 1780 ± 80 - 24.1 0.56
Deadman's B., P Beta-272:34 1290 -±- 70 1260 :± 70 - 26.9 0.67

Cape Freels. P GSC-4542 1670 ± 50 1630 -±- 50 - 27.6 4.71

Eastport. P Beta-27231 5490 ± 120 5490 ± 120 - 25.1 - 3.30

Parsons Poi nt l.S GSC-4182 12000 ± 240 12000 :±: 240 0.5 ~ 2

Newtown'. W WAT-888 10290 ± 380 -- 28.3 --.- 0

a Materials coded as follows: P freshwater peat and organic mud; M salt-rnarsh peat; W wood; S marine shells. GSC-4182: barnacles.
b Beta-Beta Analytic Inc.; GSC-Geological Survey of Canada; WAT- Waterloo University.
1 D. G. Vanderveer. Pers . Comm, 1988.

2 Davis, A. M. and Wickham, S. M., 1987.

thick, with relatively low amounts of iron and
organic material. The underlying 10-20 cm of
sand is typically red-brown in colour. It overlies
a unit of dark brown to black semi-indurated
sand containing stringers and seams of black
indurated sand. This unit has relatively high
amounts of iron and organic carbon.

The dune ridges are mantled by a domed bog.
Along the cross-section (Figure 3) the vegeta
tion to 200 m inland is a low crowberry iEmpe
trum) heath, succeeded by a zone of low shrubs,
notably sweet gale (Myrica gale) and members
of the heath family (Ericaceae), with Sphag
num. Beyond 300 m inland, tussocks of deer
grass t.Scirp us cespitosust are a dominant com
ponent of the bog vegetation, together with cot
ton grass iEriophorurn), and with Sphagnum in
pools. Isolated clumps of spruce iPicea sp.) and
larch (Larix larici ncu are aligned along the
crests of underlying dune ridges. Beyond the
most landward dune ridge, at 650 m, a low wet
area contains a mosaic of sedge marsh, pools
with Sphagnum, and clumps of sweet gale and
bog birch (Betula p urnilai.

The bog is thickest (up to 2.9 m) in the middle
of the foreland (Figure 3) and thins to the north
and south, where the peat is absent from the
highest crests. At beach exposures (Figure 4
a.b) the lower part of the peat is dark, moder
ately-well humified, with numerous woody
remains, both horizontal trunks and branches,
and in situ stumps. Woody remains of heath
type plants (the Ericales group, which includes

the Ericaceae and Empetraceae) are present, in
places concentrated in compacted seams. The
upper peat is typically lighter in colour, poorly
humified, contains less wood and is composed
chiefly of Sphagnum remains. The bog is partly
covered by a sheet of blown sand which thickens
northwards towards an extensive deflation
plain. At the landward limit, 250 m on the
cross-profile (Figure 3), the sand interfingers
with the peat to a depth of 0.1 m.

Site 1 At this site, a beach-cut exposure,
dark brown-stained medium sand is overlain by
2 ern of light grey-brown sand, 17 em of well
humified dark brown peat with disseminated
sand and some woody remains, 85 em of dark
brown well-humified peat with occasional
sandy seams and numerous woody remains,
including many in situ stumps, and 30 em of
light, yellow-brown, poorly-humified Sphag
num peat. The pollen diagram (Figure 5a) has
two local pollen assemblage zones. Zone 1 (62
132 cm) is defined by relatively large amounts
of shrub pollen: Myrica, Alnus (alder) and Salix
(willow). These types decrease upwards in the
zone, as does Betula (birch), Nuphar (yellow
pond lily) pollen is present in relatively large
amounts at some levels. Zone 2, whose lower
boundary at 62 ern is defined by a sharp rise in
amounts of Sphagnum, contains much lower
levels of shrub pollen and relatively high levels
of Ericales.

A basal sample 4 ern thick of freshwater peat,

Journal of Coastal Research, Vol. 6. No.3, 1990
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Figure 2. Airphoto of Man Point beach and dune-ridge forela nd , showing locations of surveyed cross sect ion (Figu re 31, sa mpling
sites and radiocarbon-dated samples. Part of photograph no. NFA 24172-136, Newfoundland and Labrador Department of Forest
Resources and Lands, 1975-09-11.
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ridges, at least, may be wind-blown, and that
the pattern seen in the airphoto (Figure 2) rep
resents a sequence of foredune ridges (BIRD
and JONES, 1988). On the other hand, the pres
ence of a few well-rounded cobbles within the
cross-bedded sand implies wave or ice-push pro
cesses and therefore limited elevation above sea
level at the time of forrnati on. An exception to

this is the well-developed dune ridge along the
southern border of an extensive deflation basin
in the northwestern part of the foreland (Figure
2).

In pits, and in sections exposed along the
beach, the dune-ridge sand shows a podzolized
profile . Immediately below the overlying peat is
a layer of light grey sand, several centimetres
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of freshwater peat at + 1.14 m elevation
returned a date of 3,150 ± 90 BP (GSC-4520). A
fourth date, 3,060 ± 90 BP (GSC-4662), was on
basal freshwater peat collected 265 m inland
along the profile, at an elevation of - 0.10 m
(Figures 2, 3).

Site 2 This site is located near the margin
of a sedge marsh, close to the most landward
sand ridge (Figure 2), A unit of grey-brown
medium sand containing foraminifera is over
lain by 95 em ofmoderately-humified red-brown
peat, progressively greyer and more inorganic
with depth. The peat contains scattered small
woody fragments throughout. Eel grass (Zos
tera marina) remains are present 30 em above
the base. A sample from the base of the peat,
analyzed for foraminifera, was found to contain
the brackish-water species Jadammina macres
cens. The top of the section is composed of 25 em
of moderately-humified dark brown peat. A 5
em thick sample from the base of the peat, ele
vation - 0.15 m , was dated at 2,980 ± 90 BP
(GSC-4592).

In the pollen diagram (Figure 5b), the divi
sion into two local pollen assemblage zones is
based on changes in herb pollen. Zone 1 is below
60 em and coincides with the zone of higher
inorganic content. Sphagnum spores are
absent, or occur at very low levels, and Cyper
aeeae (sedge) amounts increase towards the
upper zone boundary. Seashore plantain (Plan
tago maritima) is present in relatively high
amounts, accompanied by Chenopodiaceae
(goosefoot family) pollen. This zone is inter
preted as a high salt-marsh environment. Zone
2 begins at 60 em with a sharp rise in Sphag
num and an increase in Ericaceae levels which,
together with the absence of pollen of Cheno
podiaceae and Plantago maritima, indicates a
removal of the marine influence.

Evolution of the Man Point Foreland The
beach and dune-ridge foreland was constructed
prior to 3,150 ± 90 BP. The variation in dates

Figure 5 (facing page), Pollen diagrams from contrasting settings
at Man Point. (a) Section through freshwater peat overlying beach/
dune ridges at site 1. An early wooded phase was followed by a tran
sition to a nutrient-poor ra ised hog. (b) Core through freshwater
peat into salt-marsh peat in the former backbarrier lagoon, at site
2. Early peat accumulation was in a high salt marsh, characterized
by pollen of seashore plantain tPlantago maritima), a typical com
ponent of high salt marsh associations on the island. Other indi
cators of salt marsh conditions are Chenopodiaceae pollen and for
aminifera,

supports the hypothesis that peat first began to
accumulate in the lowest and wettest swales in
the middle of the plain, in a wooded mire with
alder, willow and birch. Pollen of the yellow
pond lily indicates the presence of shallow
pools. The mire spread laterally as peat accu
mulated, and the eutrophic status declined as a
raised bog developed. The sand sheet overlying
the northern part of the bog was derived from
the large defla tion area, and was deposi ted
after 210 BP, suggesting a link between dune
instability and European settlement. The con
trasting evidence from site 2 shows that at
2,980 ± 90 BP, when a freshwater wooded mire
was developing on the foreland, peat was accu
mulating in a high salt marsh on the margins
of a backbarrier lagoon. However, the peat
above 60 em in the core accumulated free of
marine influence, either because the marsh sur
face had grown above the highest tide level or
because the latter had dropped.

Deadman's Bay Barrier

General description The barrier at
Deadman's Bay (Figure 1) encloses a brackish
tidal lagoon which is connected to the ocean by
a channel at the south end. The barrier has a
number of distinct morphological components
(Figure 6), shown schematically in Figure 7.
The beach is composed of mixed sand and gravel
and is fronted by a sinuous nearshore bar com
plex. This, and the rip-current systems visible
in the airphoto (Figure 6), indicate a partially
dissipative morphodynamic state. At the south
end of the beach, in the vicinity of the active
tidal inlet, the beachface may be somewhat
more reflective (as suggested by the lower fore
shore step on Figure 8b and small-scale fore
shore cusping in Figure 6aL Extensi ve wash
over fl a ts occur on this part of the barrier
(Figures 6 and 8bL An extensive flood delta
occurs adjacent to the present inlet and the
most recent southward migration of the inlet
has produced a number of shore-parallel chan
nels on the lagoon side of the barrier to the
north (Figure 6).

Profile 8a (Figure Sa), located just north of
site 4 (Figure 6) shows dunes up to + 4 m. The
terminal lobe of a narrow washover fan, located
between older vegetated washover sheets, is
composed of sand with some fine gravel. The
lobe is spread across sedge marsh overlying
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flood tid a l del t a se d im en ts . Profi le 8 b, loca ted
close to t he inle t (F ig u r e 6 ), incl udes th e lower
for eshor e s te p r e fe r r ed to a bo ve , a con tempo
r ary s t o r m be a ch w i th cre s t e lev at io n just
a bove + 2 m, a n d an a ctive wa sh ov er s hee t
exte n ding land ward to a s t eep s l ipfa ce at t he
la goon .

Fl at -lying ar ea s of sand a t el ev ation s u p to
+ 0. 7 m, mainly on the northern half of t he bar
ri e r, are interpreted as relic t flood-d elta dep os
its . T he y are overlain by up to 1 m of se dge peat
(Fi g ure 4cl whi ch supports a se dge/ci nq ue foi l
iCa re xtRot enti l lo. t a s socia t ion, with min or

amou nts of sweet ga le . Th e pond s on th e barrier
(F ig u re 4d ) are remn an t s of former ly more
exte ns ive flood-d e lta chann el s whi ch extend
down to - 0 .6 m . Th ey contain ext ens ive s ta nds
of bulru sh iS cirp ue ua lidus ). Wh ere cha n ne ls
hav e bee n in fill ed t hey conta in up t o 0.6 m of
fibr ou s sedge pea t, in pla ces overly ing about 1
m of org a n ic-r ich mud .

Thi ck s pr uce woodl and is deve lo ped on st a
bili zed coa les ced wa sh over fa ns of sa n d a nd
gra ve l whi ch pa rtl y ove rl ie th e flood-d elta
dep os it s (F ig u res 6, 7) . A dune ridge vege tated
by America n beach -grass (A m m op h ila breuili -
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Figure 7. Schematic illustration showing major morphological clements of the barrier at Deadman's Ray,

gulata) with American dune-grass (Elymus
mollisi and patches of scrubby spruce, stretches
along the backshore. The eroding dune front is
penetrated in several places by narrow active
washover channels which extend landward
between lobes of the older inactive fans. Sandy
lobes associated with these active channels
extend to the sedge marsh in places, as do two
more extensive washover sheets, which are
spreading sand and gravel onto the sedge marsh
in the northern half of the barrier (Figure 6).

Site 3 A t this site, located on the former
flood-delta deposits (Figure 6), well-sorted fine
medium sand is overlain by 14 ern of poorly
humified orange-brown sedge pea t wi th some
disseminated fine sand and a 5 mm clay layer
at its base. Samples from the base of this zone
analyzed for foraminifera were barren. The
overlying unit is 48 em of very dark brown well
humified herbaceous peat with scattered woody
remains, including a layer of rooted stumps in
the lower 20 em. The present vegetation is a
crowberry heath. A 2 ern thick sample from the
base of the organic deposit, at + 0.67 m eleva
tion, was dated at 1,260 ± 70 BP (Beta-27234).

The pollen record of this location contains
three local pollen assemblage zones (Figure 9al.
In zone 1, 45-62 cm, Cyperaceae amounts are
high, with relati vcly high Gramineae (grass)
amounts in the lowest two levels. Sphagnum

amounts rise through the zone, to peak in the
level immediately above the zone boundary. In
zone 2, 15-45 em, Betula peaks, Ericales rise
throughout, and Cyperaceae and Gramineae
are absent. In zone 3, 0-15 em, Gramineae and
Cyperaeeae rise throughout and Erieales are
high. These zones indicate that after an initial
sedge marsh phase, birch woodland developed.
The wooded phase was brief however, and a
crowberry heath subsequently formed. The
high amounts of grass pollen towards the top of
the peat may be due to human clearance for pas
ture around the nearby settlement.

Site 4 This site is located on an infilled
channel on the former flood delta (Figure 6L
The stratigraphy consists of coarse sand and
granules at the base, overlain by 5 ern of dark
olive-grey sandy mud; 97 cm of compact dark
olive-grey fibrous mud: 18 ern of reddish brown,
poorly-humified, fibrous sedge peat; and 50 ern

Journal of Coastal Research, Vol. 0, No. :~. 1990
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Figure 8. Surveyed profiles from Deadman's Bay (a.b), see Figure 6 for locations, and Cape Freels (c.d), see Figure 10.

of dark brown, soft, fibrous sedge peat. Organic
carbon averages 15% in the peat and 7o/c in the
underlying mud. Samples from the base of the
mud were analyzed for foraminifera and found
to be barren. A 5 em thick sample from the base
of the mud, at -0.56 m, was dated at 1,780±80
BP (Beta-27233L

The pollen diagram for site 4 is shown in Fig
ure 9b). Two local pollen assemblage zones can
be delineated, primarily on the basis of sedge
pollen amounts. Zone 1, from 70-170 em, con
tains lesser amounts of sedge pollen than zone
2, 0-70 ern. Osmunda (flowering-fern) spores
are also more abundant in the lower zone. The
zone boundary corresponds with the lithological

boundary between organic-rich mud and over
lying fibrous sedge peat. The earlier phase of
sedimentation was in a pond. The high inor
ganic content of the lower mud implies a
greater external sediment input and suggests
that the pond was connected to the lagoon,
while the paucity of marine indicator pollen
suggests that the lagoon was brackish to fresh.
In the second phase, peat accumulated in a
sedge marsh, similar to that which is present
today.

Figure 9 (facing page). Pollen diagrams from Deadman's Bay. (a)
Where peat overlies flood delta sand (site 31. After an initial sedge
marsh, woodland briefly developed on the site, followed by a return
to open conditions. (b) Where organic-rich mud and peat infill a

,Journal of Coastal Research, Vol. 6, No.3, 1990



!J)
~

t
~
-e
~

()
:::r
~
::;!

IJQ
~~

Z
("D

:;:
~
c
='
0-

~
::;!
Q..

o 500
(x 10 3 GRAINS / 9 DRY WT.)

~<v ~
C:) gO ",0

",v;, ~Cj ~'?-
,v~ 'v~ ~'"

x~ 'N" 0«;
qOvO~

t

I

r

I

I

:=J~
i~ ~

+ <1%L-..J 10%

SUM=ALL POLLEN AND SPORES

~<v <c.- ~':J
O~oq.,~ ,,~ ~,~Cj

f<'v :v ~ QV

[()~v~.j ~,~ r<Y0~,,~~ ~~~
~{j VV ~v~ c

<v'" <v" ,,~~'v,,~ ~~ 'C~ ~
~~~~q.~ ..tV~0':JcP 00 ~<v ~~ oQf ~ ~~ ~~
~~~&~~~&+~~ ~ ~~~
~ #- ~«;~~ r:>,> -t ~~~~~<v v~0 g~ ~.::J ~ ~~

vO vO ~~.r v«; q'v q'v q.,0 ~..;s ,,~~ ':Jty-: ~~ oCj qO c$

D SAND GJ WOOD

~'v ~'v
~':J ~v; uV,; e,

,,:~ v+ ~~ rvq.,~ s
ty-: e,ty-: r~ -\q u~...., u...... <v~

~~ q.~
:v0 ~~ ~ ~
~ ~~ ~ f<-'5 ~ o~

'Cv~" ~~ ~O ~o ~~
,,'i ~ o v; ~'(, ~

~ <v ~ ~ 'v ~~ ~ 'C'?- ~ ~~ ~ ~~
-v'" 0'5 ~~ uV,; C:) ~ «-~ 00 ~'v~.::J o~:vO ~~ ~~ ~ ~ e, ~ ~

<o~c>:~<vt~~c, ~~;;~~~~~~:~:~<v~~ <v~~~~~~~~$~~~~~vOVoc,~~~~~~~~Ov$~U«;

s:
g~~0~ ~v~

qO"C:J .$'~
~'v~~~~ «,'?

ty-: q~ q'V

I ~L i t I Iii I 1i I t I I I ~ I

f l I TITTTTlT:~+ I
+ + + III I I I + +; I t I . .... 1

- + II -n-i 1+ I1~ i r-t 1 ~ 1trT
! I ! , , I , I I ! I I L-..l..-...L... L-....L........! I j I ! ! I 1 I ! I ! ! ! I I ! ! I ! ! ! ! ! I ! ! I

[IT]] HERBACEOUS PEAT [ill]]] SEDGE PEAT

~ t-~
a ,f:.A~ 0.;:)

~~. G
9.~~~ ~v~

<:J</4-~ ~ ,NS-
o V ~~'

~4.

b ~~~ ~~<:>
~~~{j ~~

!8~~~~ cP
o ~ ':v~

o...., rTTTT1 ~«) N.,J- ~~ ~~ <v'?-
v«;. ~~' q~.pq~

50-1260±70 BP

D
+ 11

1
r~ ~ i til tt

50~111111 D
0_ I 11

I + I

D
I I - TlTI-

100~~ D

~0

150111 D
+

[~~1111~ ~~I~lltllll t1780±S= 0 ~

40)

Z
~

Co:>

.....
CD
CD
o

'=-0
o
c
""'l
='
e:.-
O
~

()
o
~

~
~

~

~
~

~
~

?'
<
~

[IT]] HERBACEOUS PEAT ~ ORGANIC·RICH MUD D SAND

1

SUM = ALL POLLEN & SPORES
L-...J 10 % + <1 %

500 1000
(x 103 'JRAINS I 9 DRY WT.)

~
C.l1
t:..=J



654 Sha w and For bes

Evolution of Deadman's Bay Barrier The
woodl a nd a nd m arsh es at Deadman 's Bay cloa k
the va ri ous mor phologica l e le me nts of a t rans
gress ive ba rr ier . Most a ct ive ly-o ve rw as h i ng
tra nsgress ive ba rriers in New foundl and do not
ha ve th is degree of vegetative dev elopment. A
goo d compa r iso n ca n be mad e , for exam ple, with
the bar ri er a t Gra nd Bea ch (F OR BES, 1984 ) on
the Burin P eninsul a , wh ere san d a nd gr a ve l
wa sh ove r fa ns s lope downwa rds onto th e sa nd
a nd gra ve l of coa lesced flood dcl ta flats , a n d the
s pa rse vege ta t ion is limi te d to those associa
tions ty p ica l of g ra vel beaches in Newfound
land IT HANN H EIS ER, 1984), We beli eve that
th e Dead man 's Bay bar r ie r was in a s im ila r
conditi on pr ior to ca . l. S ka . Early in its dev el
opment t he inl e t was loca t ed in th e north.
La t er , i t m ig r ated t o the sout h , wh e r e it
appea rs to be fixe d today . Du rin g a per iod wh en
the re wa s littl e change in re la t ive sea lev el , for 
me r flood chan ne ls becam e infil le d with
orga n ic -r ic h se d i me nts , and se dge mars h
formed on flood de l tas , succeeded by woodland
in pl a ces . Woodl and also deve loped on was hover
shee ts.

The exc eption t o t his pattern is the sout hern
end of t he ba rr ie r, near th e present t ida l inle t,
where wa shove r processes s t ill cont ro l the bar
r ier cr est dev elopm en t . The re lative importa nce
of a reduced rate of sea -leve l r ise versu s inlet
s tab i lizat ion , changes in re fractio n pa t te rn s
and associa ted cha nges in morph odyn am ic con
trols wi th in the bay , r emains unc lear.

Cape Freels

In th is area , four sa ndy ba rriers anchored to
ro cky he adl and s e nc lose sha llow , s l ig h t ly
br ackish la goon s (Fig ure 10) . The two nor t hern
barriers a re in a n actively t ran sgressi ve ph ase
(Figu re Sd) . A br oad , low-an gl e wa shover shee t
of sa nd ex te nds to t he la goon , whe re it ends
a br upt ly in a steep s lipface. Further sea wa rd,
t he was h ove r san d fo r ms a thin ven eer ove r
da r k-sta ined mars h a nd lagoo na l se di me nts.
Low dunes north of line Sd a re inte r rupted by
numerous blowouts where former ga r den plo ts
hav e been aba n do ne d to the drifting sa nd .

On the nex t barrier to the south , a t t he ba ck
of a wid e beach, aeo li a n sand covers the erode d

flood del ta cha nne l (s ite 4 ). Here t here was no wooded phase . but a
tr an siti on from sedi men t a tto n in a pond Lo a se dge ma rsh .

Figure 10 . Air ph oLogr aph of the barr ier at Cape Fre e ls.
showing locations of surveyed profiles and rad iocarbon -da ted
sa mple. Parl of photograph no. NFA2 4115·2 . Newfoundlan d
and La brado r Dep a r tm ent of For est Resources a nd Lands,
1975-07-01

remnants of a n olde r sy stem of shore -pa rall el
dune rid ges (F ig ures 4e, Be). The two prominent
ri dges whi ch rem ain hav e cres ts a t + 4.5 m a nd
+ 2.5 m. Th e top of the old dunes is marked by
a pe rs is te nt peat hor izon 30 cm t h ick (F igure
40 . Thi s ca n be t raced landward of the dunes,
where i t merges with pea t in a spr uce woodland.
Imm ed ia t el y be low t he compacted dry woody
pea t is a lay er of light grey sa nd overly ing re d
brown sa nd over very dark r ed-br own to black
indu rated sand , with bl ack stri nge rs . A sample
of t he lowest 3 em of pea t returr.ed a r adi oca r
bo n age of 1,630 :': 50 BP (GSC-4542). Th e du e
r idges pre-date thi s by an unknown t im e inter
va l. S ta in ing a nd in d urat ion of s a n d wh ich
occurred at t hese re lat ive ly high ele vations is
ide ntica l to tha t wh ich occurred at a lower leve l
a t Man Poin t.
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Eastport

At Eastport in Bonavista Bay, 70 km south of
Cape Freels (Figure 1), a low transgressive
sandy barrier lies across a small sedge marsh
traversed by a meandering sand-bed stream.
The marsh surface lies between HHW, mean
and large tides, and appears to be freshwater
dominated, although it is probably occasionally
inundated by brackish water. A Hiller core in
the marsh revealed a sequence of peats, muds
and muddy sands, containing numerous fresh
water macrofossils, which were deposited in a
freshwater marsh with a strong fluvial influ
ence. A sample of freshwater organic-rich mud
from a depth of - 3.30 m was dated at
5,490 ± 120 BP (Beta-27231).

DISCUSSION

Changes in Relative Sea Level

Radiocarbon-dated evidence from a number of
sites enables us to draw some preliminary con
clusions about relative sea-level changes in the
region. These depend on the following assump
tions. (1) That tidal range in the area has
remained unchanged at about 0.8 m (mean) and
1.2 m (large tide). The range at Eastport differs
by a few centimetres. (2) That freshwater peats
accumulated above HHW (large tides), 0.58 m
above MWL. (3) That salt-marsh peat formed
between MWL and HHW (large tides). (4) That
the range in tidal lagoons is (and was) identical
to that of the open coast. Although deviations
from these assumptions are possible (cf. SCOTT
and GREENBERG, 1983), we take them to be
reasonable working hypotheses.

The date on freshwater organic material from
Eastport, at - 3.30 m, suggests that MWL was
below -4 m at 5,490±120 BP. Although the
distance of this site from the main study area is
considerable, the pattern of Late Wisconsinan
marine limits suggests that the sea-level his
tory may be similar.

Salt-marsh peat at Man Point at - 0.15 m ,
dated at 2,980 ± 90 BP, indicates MWL between
-0.15 and -0.73 m at that time. Nearby fresh
water peat at - 0.1 m, dated at 3,060 ± 90 BP,
implies that MWL was at least 0.68 m below the
present. Taken together, this pair of da tes from
the same locality tends to show that MWL was

at approximately 0.7 m below today's level at
about 3 ka BP.

At Deadman's Bay, site 3, sedge peat at 0.67
m , dated at 1,260 ± 70 BP, appears to show no
brackish influence, suggesting that MWL was
not more than a few em above todays level at
that time. The underlying flood-delta deposits
were formed before 1.3 ka BP, with a MWL
which was not below the present level, and may
have been higher. Also, the development of
woodland at the site tends to suggest no sub
sequent (post 1.3 k a l rise in water level. At site
4, organic-rich mud in a former flood channel,
at - 0.56 m , dates to 1,780 ± 80 BP. If, when it
was active, the channel was as deep as lower
low water (large tides), then MWL was at least
as high as the present level before 1.8 ka BP.
The organic-rich sediments probably accumu
lated in a pond isolated from the lagoon, and the
low elevation of the radiocarbon sample does
not, in this setting, indicate a lower than pres
ent MWL. Viewed as a whole, the data from
Deadman's Bay suggest relative sea levels very
close to the present during the last 2 ka.

Figure 11 summarizes our understanding of
postglacial relative sea-level changes in the
region, based on the data presented above. It
shows relative sea level falling from a high
postglacial marine limit and passing below
present sea level between 12 and 10 ka BP. The
depth of the subsequent minimum is unknown
at present. Relative sea level was still below
-4 m at 5.5 ka BP, but reached -0.7 m within
approximately 2,500 years, by 3 ka BP (an aver
age rise of at least 1 mm/a). Our evidence sug
gests that local sea level has been close to the
present since 2 ka BP. This is an early date for
cessation of relative sea-level rise in southeast
ern Canada, where relatively rapid rates of con
temporary rise have been considered the norm
(GRANT, 1970; FORBES et al., 1989). However,
other evidence we have obtained recently indi
cates relatively stable sea Ievel s over the past
2,000 years in the Placentia area (SHAW and
FORBES, 1988; SHAW, 1989), suggesting that
glacial forebulge collapse is largely completed
in the eastern-most part of the island.

Coastal Evolution

In the context of Newfoundland, the north
east coast is anomalous in several respects. The
coastal sedirnerit systems in the study area are

Journal of Coastal Research. Vol. 6, No.3, 1990
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sand-rich, in contrast to the largely gravel
dominated barriers elsewhere on the island. In
addition, we observe no major sources of sedi
ment in the study area, whereas elsewhere on
the island substantial coastal sediment accu
mulations are generally located adjacent to
large glacigenic sources. Furthermore, as sug
gested in the introduction, the relatively great
thickness of peat overlying coastal deposits at
Man Point contrasts with generally thinner
peats observed elsewhere in Newfoundland.

Organic Deposits in the Coastal
Environment The thickness and age of the
Man Point peat, and of organic sediments at
Deadman's Bay and Cape Freels, reflect the
early attainment of a relative sea level similar
to that of today. One question of importance at
both Man Pont and Cape Freels is whether a
significant lag occurred between dune ridge for
mation and the initiation of peat accumulation.
The length of this interval is constrained by the
rise of relative sea level. Modern beach ridges
at Ragged Harbour, just north of Man Point,
have crests at + 1.4 rn , with the lowest swale at
0.5 m . The crests of a modern dune ridge at
Shalloway Brook, 8 km to the south, are about
+ 4 m. Using these as analogues, the ridges at
Man Point (with crests at about + 2 m, and the

lowest swales at Om), may have formed when
relative sea level was between - 0.5 m and
- 2.0 m relative to present datum, probably not
earlier than about 4 ka BP. This implies a hia
tus before peat accumulation of less than 1,000
years (possibly much less).

The dunes at Cape Freels are higher than
those at Man Point, and organic accumulation
may have been correspondingly hindered there,
raising the possibility that these dunes are
actually as old as those at Man Point. The pres
ence of indurated sand below the peat at both
sites raises an additional possibility, namely
that induration led to a perched water table and
peat accumulation.

Factors Favouring Sand Abundance Is
the predominance of sand on the northeast
coast somehow due to the early attainment of a
relative sea level similar to that of today? There
is insufficient information on relative sea-level
change across the island to isolate this as a fac
tor. However, there are other formerly-gla
ciated areas where sandy barrier systems occur,
and where patterns of relative sea-level change
differ from that in the study area. In Ireland,
for example, such systems are located in both
the northwest (SHAW, 1985), where relative
sea level was close to the present by the mid-
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Holocene (CARTER, DEVOY and SHAW,
1989), and the southwest (CARTER et ai.,
1989), which has been submerging throughout
the Holocene. However, in both these regions,
the earliest phases of progradation were often
gravel-dominant, so that coastal dunes up to 30
m high rest on gravel beach ridges. Further
more, where glacigenic deposits are being
eroded today, they feed sediment onto gravel
dominated systems, such as the beach-ridge
foreland at Derrymore in County Kerry (TA Y
LOR et .a., 1986). These comparisons suggest
that in formerly glaciated terrain, where gla
cigenic sediment is a major source for barrier
construction, progradation may occur whether
relative sea level is stationary or slowly rising
(FORBES et al : 1989), and that the early
phases of progradation tend to be gravel-domi
nated. On the northeast coast of Newfoundland,
we observe little or no exploitation of glacigenic
sources but considerable remobilization of sed
iment from pre-existing systems. Therefore,
given the sand-dominance and the background
of rising relative sea level) we postulate that
glacigenic sources which may have supplied
sand to the coast lay on the present inner shelf.
In addition, the granitic bedrock in the area
may have been conducive to production of large
quantities of sand.

Physiographic setting may also playa role in
determining the abundance of sand. In the St.
George's Bay area of southwest Newfoundland
(Figure 1 inset), the major coastal barriers are
composed of gravel beach ridges (SHAW and
FORBES, 1987), However, the eroding bluffs
which have sustained these systems comprise a
wide range of sediment types, including glacial
till, proglacial sand and gravel, and glacio
marine mud (MacCLINTOCK and TWENHO
FEL, 1940; BROOKES, 1974). The sand com
ponent of the eroded bluffs forms submerged
barrier platforms up to 40 m thick, with sea
ward lips at about 25 m water depth. The gravel
beach ridges are superimposed upon these plat
forms. Because of the presence of deep basins
close to shore in St. George's Bay, the sand com
ponent has been captured in an effective near
shore sink. By contrast, the shallow inner shelf
in the study area has little relief. We suggest
that the sand componen t , removed from an
unknown glacigenic source somewhere on the
inner shelf, may have moved onshore with the
transgression.

Coastal Development and Episodic Sand
Dispersal Wave refraction analyses show
that, north and west of the compartment at
Deadman's Bay (which receives small amounts
of energy), net littoral sediment transport is
toward the northwest. Man Point is located
near the end of this transport corridor, at a loca
tion where waves refracted around the Penguin
Islands approach from offshore. This implies
that the location of the foreland is controlled by
refraction around the islands. With relative sea
level 5 m below present, the Penguin Islands
would have been linked to the mainland, form
ing an embayment. We suggest that as relative
sea level rose during the Holocene, reworked
glacigenic sediment (mainly sand), was moved
generally westward across the gently-sloping
inner shelf, to accumulate in an embayment in
the vicinity of the present Penguin Islands. The
destruction of this setting, accomplished during
the period of the last few metres of relative sea
level rise, resulted in the release of a pulse of
sandy sediment which accumulated in the Man
Point foreland, the location of which was deter
mined by wave refraction around the islands.

The Deadman's Bay sediment body probably
became isolated from the northwest-directed
littoral drift at an early stage, as the headland
to the northwest gained prominence. Thereafter
the compartment retained an essentially finite
sediment package, with very little additional
supply. During the last several thousand years,
when sea level has generally been stable, the
barrier has been mainly stationary. This type
of response to relati ve sea level has been
described elsewhere in the coastal literature
(for example, RAMPINO and SANDERS, 1981).

Recent Trends All three sites are now in
various states of disequilibrium. The cause,
whether increased storminess (see NED, 1984),
rising sea level (FORBES et al., 1989), changes
in sea-ice regime, or other factors, remains
uncertain. At Cape Freels, wind action is erod
ing both the oldest dune ridges and the later,
vegetated, sand cover. Overwashing is occur
ring on a large scale, particularly on the north
ern barriers (Figure Sd ), but also through a
breach in the dunes immediately south of line
8c (Figure 10), At Deadman's Bay, the south
end of the barrier is an area of acti ve washover
(Figures 6, 8b). The Man Point foreland appears
to be in disequilibrium with the present wave
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climate. It is undergoing erosion in the south,
where washover sand and gravel is strewn
across the bog, and indurated sand is exposed
in the intertidal zone. To the northwest, a
mixed sand-gravel storm beach is located in
front of the deflation zone (Figure 2). Sediment
appears to have moved along this beach toward
the northwest, past several headlands and into
Ragged Harbour (Figure II, where a prograded
series of beach ridges has formed within the
last 100 years or so. Ragged Harbour may
become the ultimate sink for much of the Man
Point sediment, especially if a postulated rise
in global sea level becomes a reality.

SUMMARY AND CONCLUSIONS

New evidence points to a complex pattern of
relative sea-level change on the northeast New
foundland coast and to ear ly cessation of the
Late-Holocene transgression in the area.
Organic deposits on dune ridges at Cape Freels
and Man Point reflect this 'pattern. Contrasting
organic deposits on the barrier at Deadman's
Bay indirectly reflect it also, in that they over
lie the elements of a formerly transgressive
barrier whose switch in style may be condi
tioned by rates of relative sea-level rise, but
also by other factors. We suggest that the abun
dance of sand in the study area may arise from
unidentified sources on the inner shelf and be
related to shallow shelf topography and grani
tic bedrock. We draw the following specific con
cl usions relating to the three primary objec
tives of the paper:

(1) Evidence from the northeast coast of
Newfoundland shows that relative sea level fell
below present datum between 12 and 10 ka BP,
reached an undetermined minimum, and sub
sequently rose. It was still below -4 m at 5.5
ka BP, but reached - 0.7 m by about 3 ka BP,
and ~O m circa 2 ka BP.

(2) The early attainment of sea level close to
the present has resulted in the accumulation of
organic deposits on top of coastal sediment bod
ies at a minimum of three locations. These
include Man Point, where a prograded beach
and dune-ridge foreland is covered by a thick
bog (up to 2.9 m deep), Deadman's Bay, where
the stabilized elements of a transgressive bar
rier are mantled by bog, sedge marsh and wood
land, and Cape Freels, where an extensive
organic horizon caps early dune ridges.

(3) In contrast to other parts of Newfound
land, large quantities of sand have accumu
lated in a region where glacigenic sources of
sediment are not apparent. We suggest that the
source lay on the inner shelf, and that reworked
sand was moved onshore during the transgres
sion.

ACKNOWLEDGMENTS

David Frobel contributed valuable field
assistance and expertise during our various
trips to Newfoundland. We also acknowledge
Aubrey Newcombe, Mona Botros, and David
Mosher for assistance in the field, Bill Leblanc
and Bob Fitzgerald for chemical analyses, Tony
Cole for microfossil analysis, Kevin Robertson
for facilitating our research in a number of
ways, and Dale Buckley for helpful discussions.
Roger McNeely of the Radiocarbon Dating Lab
oratory, Geological Survey of Canada, super
vised the majority of the 14C determinations.
We thank Bob Mott, Bob Taylor, Julian Orford
and Bill Carter for helpful reviews of earlier
versions of the manuscript.

LITERATURE CITED

BANFIELD, C.E., 1981. The climatic environment of
Newfoundland. In: Macpherson, A.G. and Macpher
son, J .B., (eds.), The Natural Environment of New
foundland, Past and Present. St. John's: Memorial
University of Newfoundland, pp. 83-153.

BIRD, C.F. and JONES, D.J.B., 1988. The origin of
foredunes on the coast of Victoria, Australia. Jour
nal o] Coastal Research, 4, 181-192.

BROOKES, LA., 1974. Late-Wisconsin glaciation of
southwestern Newfoundland (with special reference
to the Stephenville map-area L Geological Survey of
Canada, Paper 73-40, 31p. plus maps.

BROOKES, LA., 1989. Glaciation of Bonavista Pen
insula, northeast Newfoundland. The Canadian
Geographer, 33, 2-18.

BROOKES, LA.; SCOTT, D.B. and McANDREWS,
J.H., 1985. Postglacial relative sea-level change,
Port au Port area, west Newfoundland. Canadian
Journal of Earth Sciences, 22, 1039-1047.

CARTER, R.W.G.; DEVOY, J.N. and SHAW, J., 1989.
Late Holocene sea levels in Ireland. Journal ofQua
ternary Science, 4, 7-24.

CARTER, R.W.G.; FORBES, D.L.; JENNINGS, S.C.;
ORFORD, J.D.; SHAW, J. and TAYLOR R.B., 1989.
Barrier and lagoon coast evolution under differing
relative sea-level regimes: examples from Ireland
and Nova Scotia. Marine Geology, 88, 221-242.

DAVIS, A.M. and WICKHAM, S.M., 1987. The micro
stratigraphy of two peat sequences from northeast
ern Newfoundland. Geograph.ie physique et Quater
naire. 41, 355-364.

Journal of Coastal Research, Vol. 6, No.3, 1990



Sea-Level Change, Newfoundland 659

CANADIAN HYDROGRAPHIC SERVICE, 1987.
Canadian Tide and Current Tables. 1: Atlantic
Coast and Bay ofFundy. Fisheries and Oceans Can
ada, Ottawa, 53p.

DAMMAN, A. W.H., 1983. An ecological subdivision of
the Island of Newfoundland. In: South, G.R., (ed.) ,

Biogeography and Ecology of the Island of New
foundland. The Hague: Junk, pp. 163-206.

FITZGERALD, R.A.; WINTERS, G.V. and BUCK
LEY, D.E., 1987. Evaluation of a sequential leach
procedure for the determination of metal partition
ing in deep sea sediments. Geological Survey ofCan
ada, Open File 1701, 21p.

FORBES, D.L., 1984. Coastal geomorphology and sed
iments of Newfoundland. Geological Survey of Can
ada, Paper 84-1B, 11-24.

FORBES, D.L., 1985. Placentia Road and St. Mary's
Bay: field trip guide to coastal sites in the southern
Avalon Peninsula, Newfoundland. Proceedings,
Canadian Coastal Conference 1985, (St. John's).
National Research Council Canada, Ottawa, pp.
587 -605.

FORBES, D.L. and SHAW, J., 1989. Navicula opera
tions in southwest Newfoundland coastal waters:
Port au Port Bay, St. George's Bay, La Poile Bay to
Barasway Bay and adjacent inner shelf. Geological
Survey of Canada, Open File 2041, 57p.

FORBES, D.L. and SHAW, J., (In prep.) New evidence
for the early-Holocene relative sea-level minimum
in Port au Port Bay and inner St. George's Bay,
southwest Newfoundland.

FORBES, D.L. and TAYLOR, R.B., 1987. Coarse
grained beach sedimentation under paraglacial con
ditions, Canadian Atlantic Coast, In: FitzGerald,
D.M. and Rosen, P.S., (eds.), Glaciated Coasts. San
Diego: Academic Press, pp. 51-86.

FORBES, D.L.; TAYLOR, R.B. and SHAW, J., 1989.
Shorelines and rising sea levels in eastern Canada.
Episodes, 12, 23-28.

GRANT, D.R., 1970. Recent submergence of the Mar
itime Provinces, Canada. Canadian Journal of
Earth Sciences, 7, 676-689.

GRANT, D.R., 1980. Quaternary sea-level change in
Atlantic Canada as an indication of crustal delev
elling. In: Marner, N.-A., (ed.) , Earth Rheology,
Isostasy and Eustasy. Toronto: Wiley-Interscience,
pp.201-214.

GRANT, D.R., 1987. Quaternary Geology of Nova Sco
tia and Newfoundland, XIIth INQUA Congress
Field Excursion A -3 IC -3, National Research Coun
cil, Ottawa, 62p.

JAYASINGHE, N.R., 1978. Geology of the Wesley
ville (2F/4) and the Musgrave Harbour East (2F/5)
map areas, Newfoundland. Report 78 -8, Depart
ment of Mines and Energy, Government of New
foundland and Labrador, St. John's, IIp. + map.

JENNESS, S.E., 1960. Late Pleistocene glaciation of
eastern Newfoundland. Geological Society ojArncr
ica, Bulletin, 71,161-180,

LEWIS, C.F.M. and MACPHERSON, J.B., 1987. Early
sea level transgression, eastern Newfoundland. Pro
gramme with abstracts, XII'h International Con
gress, INQUA. National Research Council, Ottawa,
p.210.

MacCLINTOCK, P. and TWENHOFEL, W.H., 1940.
Wisconsin glaciation of Newfoundland. Geological
Society of America, Bulletin, 51,1729-1756.

MA Y, J.P., 1974. WAVERNG: A computer program to
determine the distribution of energy dissipation in
shoali ng wa ves, with examples from coastal Flor
ida. In: Tanner, W.F. (ed.). Sediment. Transport in
the Nearshore Zone, Florida State University, pp.
22-61.

NEU, H.J .A., 1971. Wave climate of the Canadian
Atlantic coast and continental shelf-1970. Bed
ford Institute of Oceanography, A tLantic Oceano
graphic Laboratory Report 1971-10, 27p. & append
ices.

NEU, H.J.A., 1982. J Lyear deep-water wave climate
of Canadian Atlantic waters. Canadian Technical
Report of Hydrography and Ocean Sciences No. 13,
Department of Fisheries and Oceans, Ottawa, 41p.

NEV, H.J.A., 1984. Interannual variations and
longer-term changes in the sea state of the North
Atlantic from 1970 to 1982. Journal of Geophysical
Research, 89, 6397-6402.

QUINLAN, G. and BEAUMONT, C., 1981. A compar
ison of observed and theoretical postglacial relative
sea level in Atlantic Canada. Canadian Journal at'
Earth Sciences, 18, 1146-1163.

QUINLAN, G. and BEAUMONT, C., 1982. The degla
ciation of Atlantic Canada as reconstructed from
the postglacial relative sea-level record. Canadian
Journal of Earth Sciences, 19, 2232-2246.

RAMPINO, M.R. and SANDERS, J.E., 1981. Evolu
tion of barriers of sou t.hcrn Long Island, New York.
Sedimentology. 28, 37-47.

SCOTT, D.B. and GREENBERG, D.A., 1983. Relative
sea-level rise and tidal development in the Fundy
tidal system. Canadian Journal of Earth Sciences,
20,1554-1564.

SCOTT, D.H.; BOYD, R. and MEDIOLI, F.S., 1987.
Relative sea-level changes in Atlantic Canada:
observed level and sedimentological changes vs.
theoretical models. In: Nummedal, D., Pi lkey , O.H.
and Howard, J.D., (cds.}, Sea Level Fluctuations and
Coastal Evolution. Society of Economic Paleontolo
gists and Mineralogists, Special Publication 41, pp.
87-96.

SHAW, J., 1985. Holocene coastal evolution, Co. Done
gal, Ireland. Unpubl. D. Phil. thesis, University of
Ulster, Coleraine, 218p.

SHAW, J., 1989. Beach-ridge sedimentation and mor
phology in Newfoundland: a preliminary overview.
In: Proceedings, Second Regional Workshop on
Atlantic Shorelines, National Research Council
Canada, Ottawa, (in press).

SHAW, J. and FORBES, D.L., 1987. Coastal barrier
and beach-ridge sedimentation in Newfoundland.
In: Proceedings, Canadian Coastal Conference 1987
(Quebec). National Research Council Canada,
Ottawa, pp. 437 -454.

SHA W, J. and FORBES, D.L., 1988. Crustal warping
and sediment supply as controls on recent coastal
development in Newfoundland. Mo.ritime Sediments
and Atlantic Geology, 24, 211.

TAYLOR, R.B.; CARTER, R.W.G.; FORBES, D.L. and
ORFORD, J.D., 1986. Beach sedimentation in Ire-



660 Shaw and Forbes

land: contrasts and similarities with Atlantic Can
ada. Geological Survey ofCanada, Paper 86-1A, 55
64.

TUCKER, C.M., 1974. A series of raised Pleistocene
deltas; Halls Bay, Newfoundland. Maritime Sedi
ments, 10, 1-7.

TUCKER, C.M.; LECKIE, D.A. and McCANN, S.B.,
1982. Raised shoreline phenomena and postglacial
emergence in south-central Newfoundland. Geogra
phie physique et Quaternaire, :36, 165-174.

TI-IAN NHEISER, D., 1984. The coastal vegetation of
eastern Canada. Occasional Papers in Biology, No.
8. Memorial Universi ty of Newfoundland, St.
John's, 212p.

WALKER, R.E., 1984. Wave statistics for the North
Atlantic-1970 to 1982. Canadian Data report of
Hydrography and Ocean Sciences No. 16, Depart
ment of Fisheries and Oceans, Ottawa, 291 p.

I i l{ESUMEN r !

Las playas de arena y las dunas son las formas prcdomi nantcs en la costa al nordeste de "Newfoundland." entre la Bahia de

Bo na vist.a y Hamilton Sound. Esto contrasta con la mayor parte d le rcst.o de la isla. donde la degradac ion costera conduce prin

cipal mcntc a la formaci6n de playas de gravas. En Man Point. proximo a Musgrave Harbour, sc cxticndc una zona de playas y

du n as cubierta parci a lmcnte por una capa de t urbas de aproximadamente .2.9 m de espesor. La datacicn realizada a partir de la

turba basal est.i rna que dicha turba es de :3150 ± 90. 3060 + 90 .y 2740 l. 60 anos antes de 1£1 fecha actual. La base de la marisma

tierra adent.ro respecto a la barra est.a datada en el a no 2980 ~ 90 antes de la fecha actual. En la Bahia de Deadman. donde deltas
rcl ictos y canales en la parte norte del sistema de harras son muest.ra del proccso transgresivo, se datan los depositos organicos

en dos puntcs difererites. entre e l 1780 I 80 y 1260 ± 70 antes de la fecha actual. Una cxt.ensa capa de turba. parcial mente enter

r ada , que se eneuentra eubricndo antiguas dunas en e l cabo Freels sc ha datado en el 16::W + 50 antes del a no actual. Asi misrno,
local izarnos el nuclco de una barra en Eastport. area de la Bahia de Bonavista, donde la materia or ga n ica a la - 3.3 m se data

como pertcnccicnte al a no 5490 ± 1.20 antes de la fech a actual. De los datos ohte n idos. tanto en est.as como en otras localizaciones,

sc desprende que hace 1.2 a 10 k a , e l n ivcl medic relativo del mar desce nd io hast.a alcanzar un minimo. Durante la siguiente
transgrcsi on lIeg6 a est.ar por debajo de la 4 m hacia c l 5.5 k a. Ilegando sin embargo a la 0.7 m hacia e l 3 k a. La terrninacion,

relativamente rapida. de la transgresi6n holocen ica condujo a la cst.abi lizac icn de algunos depositos cnst.e ros en dicho area, que
dando estos cubiertos por bosques, fangos y pantanos. Cabe dest acar la apa rcntc auscnci a de caractcrist icas gl aciocenicas. tales

como aqucl las que han dado lugar a la apar-icio n de sistemas cost.eros degradados en ot.ras zonas de la isla y que sugieren una

cvo lucion postglacial scmejante para ot.ros sistemas sedimentarios de la region.-Department or Water Sciences, University of

Cantabria, Santander, Spain.

1-- RESUME [

Dans la partie NE du Newfoundland, entre la ba ie de Bonavista ct Hamilton Sound, s'et.endent plages et dunes de sable. Ces

ensembles contrastent avec les aut.res parties de nle OU lcs formes de progradation sont des cordons de graviers. A Mean Point,
pres de Musgrave Harbour, d'importants cordons de plage so nt reco uvert.s par de 1£1 tourbe pouvant atteindre 2,9m d'cpaisscur.
Des datations au radiocarbone de la base de 1a tourbicre donne 3150 ~ 90 BP, 3060 ± 90 BP ct 2740 ± 60 BP (non ajustee i. La base

de la tourbicre du pre sale de la barricrc sit.uee vel's la terre est. datcc 2980 -+ 90 BP. Dans la ba ie du Deadman. deltas de maree

moribonds, chenaux de flot et cvcn t a i ls de ressuy agc au nord du syst.crne de barr icres prouvent l'arret d'u ne phase transgressive.

Les depots organiques de deux sites sont dates 17HO~ 80 BP ct 1260 ± 70 BP. A Cap Freels, une tourhiere et.endue et part.iel lernent
enfouie qui recouvrc danc iens cordons dun a ires est datee 16:10 -.i_ 50 BP. On sc reporte aussi a un sondage dans un marais d'arr iere
barricrc a Eastport (W de la ba ie de Bonav ista l. OU lc m atcr i a u organique d'ca u douce est date a - 3,3m 5490 ± 120 BP.

Tout ccci suggere que entre 1.2 ct 10 Ka HP. le n i vca u re1atif de la mer etait au dcssous de I'acf.ue l. Il est descendu jusqu'a un

niveau i ndctcrmi nc. Au caul's de la transgression subscq uente. il et.a it encore a - 401 a 5,5 Ka HP. rna is atteignait - 0,7m vers
:-!Ka I3P. Avec la fin relativement precoce de la transgression Holocene, des depots littoraux furent stabilises et recouverts de

forcts, marais et marecages. On notera l'absence apparcntc de sources d'origine glaciaire semb lables a ce lles qui fournissent le

mater i a u de progradation du syst.erne cot.icr partout sur rile. On suggcro que l'cvolut.ion postgl aciairc a su iv i un cours sirni laire
a ceux des corps sedirncnta ircs cot.icrs de la rcgion.-Catherinp Hreesol ie r (Ueomorph oloeie EPHE. Montrouge, France).

n ZUSAMMENF ASSUNG I I
Strande und Kustendunen sind bekannte Merkm£1le der Nordostkuste Neufundlands. 1m Gegensatz dazu dehnt sich in den meisten

anderen Tellen der Insel die Kiiste durch Kies- und Sandbiinke aus. Nahe Musgrave Habour bcfindet sich cin ausgedehntes Strand
und Dunenkettenvor1and, das mit einer 2,9 m dicken. ca. 2740 his :nso ,Jahre alten Schicht Suf3wassertorf bedeckt ist. Die Basis

dieser Marschablagerungen landwarts der Kiistenlinie ist ca. 29HO Jahre £lIt. Bei Deadman's Bay befindet 8ich am Nordende eines
Strandwalles ein Komplex verlandender Tidedeltas, Rinncn und Schwemmfacher, der den Beweis einer Transgressionsphase ver

hindert. Dort vorhandene organische Ablagerungen sind 1780 bzw. 1260 Jahre aIt. Ein ausgedehntes, tei1weise von alten Dunen·

ketten eingebettetes Moorgebiet bel Cape Freels ist ca. 1630 Jahre a It. Berichtet wird auch uber eine Bohrung im riickwartigen
Bereich cines Strandwalles, wo ca. 5490 Jahre aIte SuBwassertorfc in :3,3 m Tiefe anstehen. Diese und andere Aussagen deuten
darauf hin, daB der Meeresspiege1 zwischen 12000 und 10000 VOl' heute auf ein nicht bestimmbares Niveau abgesunken ist. Wah

rend der nachfolgenden Transgression lag der Meeresspiegel vor 5500 Jahren unterhalb - 4 m, erreichte aber urn 3000 vor heute
etwa 0,7 m. Mit dem relativ [ruhen Ende der holoziinen Transgression wurden in diesem Bereich die kiistennahen Ablagerungen
st£1bilisiert und von Waldern, M£1rschen und Sumpfen iiberlagert. Auffiilligerweise fehlen eiszeitliche Ablagerungen, die sonst

liberall auf cler Insel die Materialquelle fur vorruckende Kusten bi Iden. I<:i n ahnl icher Verlauf der nacheiszeitlichen Entwicklung
wird jedoch vermutet.-Reinhard Dieckmann, WSA BrernerhauPll. FRG.
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